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COMPLEXES OF 1-(2-ETHOXYETHYL)-4-
(DIMETHOXYPHOSPHORYL)-4-HYDROXYPIPERIDINE
WITH IONS OF BIOGENIC METALS: SYNTHESIS AND PROPERTIES

Abstract. The complexation of 1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hyd-
roxypiperidine with ions of biogenic metals (Co*?, Ni*?, Cu™, Mn*?) in the ligand : ion
ratio of 2:1 had been studied. It had been turned out that cobalt and nickel ions generate
stable complexes, whereas the product obtained with copper and manganese ions is
basically a mixture of the ligand and the corresponding salt. By modeling with the se-
miempirical PM3 method, it had been shown that a complex in which the divalent metal
ion forms coordination bonds with nitrogen atoms and oxygen with a double bond on
phosphorus is energetically most advantageous, with the piperidine cycle being in the
“boat” conformation. CoL,Cl, (Kaz-10) and [MnL,SO,] (Kaz-11) at a concentration of
1.0.10-3% significantly stimulate the germination of barley and wheat seeds.

Key words: a-Hydroxyphosphonate, ions of biogenic metals (Co™, Ni*% Cu*,
Mn*?), complex, synthesis, structure, stimulator of germination of barley and wheat seeds.

Bioregulation - an area that enables to regulate the direction and intensity of
biochemical processes, which can be widely used in medicine, livestock and crop
production. It is related to development of ways to restore the physiological
function of the body both for the prevention and treatment of diseases and age
pathologies. Complex compounds of organic ligands with ions of biogenic metals
refer to promising biologically active compounds. The results of their biological
effect tests showed that chemistry gives novel preparations to doctors, cattle
breeders, agronomists and biologists, allowing them to actively influence the
living cell, regulate the nutritional conditions, growth and development of living
organisms [1-4].

Among the microelements, the content of which in the body amounts to
thousands and even trillions of percent, are: iron, cobalt, manganese, copper,
molybdenum, zinc, cadmium, fluorine, iodine, selenium, strontium, beryllium,
lithium, etc. Despite the small quantitative content in organisms, microelements
has a significant biological role in the processes of growth and development. It
has been established that the excess of microelements, as well as their lack,
adversely affects the plants.

a-Hydroxy- and a-aminophosphonates are of practical interest as substances
with biological activity of widely spectrum and technological simplicity of their
obtaining [5-9]. In addition, the ability of organophosphorus to complex
formation with metal ions [10-14] contributes to the expansion and more intensive
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development of chemistry of this class of compounds. Complexes of amino-
phosphonates with lanthanides and actinides are used in medical NMR diag-
nostics. Using aminophosphonates, effective methods for separating gold ions,
iron ions, copper ions, and also palladium extraction have been developed. Cur-
rently, there are a number of drugs based on nitrogen-containing bisphosphonates
for patients with impaired calcium metabolism. Aminopolyphosphonates as
complexing agents with high specificity for various cations are widely used in
analytical chemistry and catalysis, in the paper and textile industries to remove
trace amounts of metal ions in whitening baths, as well as in medicine to relieve
metal overload in living organisms, particularly for the treatment of anemia
overload of iron in the body.

The previously synthesized hydroxyphosphonate with the N-(2-ethoxy-
ethyl)piperidine moiety [15, 16], at a concentration of 1.010°%, stimulates
growth and increases resistance to drought of plants, and in an experiment on
animals poisoned with salts of heavy metals, it treats their immune status.

To enhance the stimulating growth of plants there is set to study comple-
xation  of  1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine
(ligand, L) with certain ions of biogenic metals - Co*?, Mn*?, Cu™ and Ni*%. To
prepare the complexes ligand and chlorides of cobalt, nickel, copper and
manganese sulfate are taken with the ratio (metal ion: L) = 1: 2.

H;CO_ OCH, H;CO_ OCH;
HO P\O HO \O
N N
CH,CH,OCH,CHj i CHCH,OCH,CHY; | 2

M =Co?*, Cu?’,Ni?", Mn?";
An =2Cl or SO,*

To obtain the complexes, the salt and ligand are separately dissolved in the
solvent, then the solutions are drained and stirred at room temperature for 2 hours.
The reaction mixture is then dried at 50 ° C until the solvent evaporates com-
pletely. Moreover, various solvents have been used to prepare the target com-
plexes: ethanol, methylene chloride, acetonitrile, benzene, acetone and water. The
best results were obtained using ethanol or methylene chloride.

The synthesized complexes are crystalline products, some have different
colors (Co™ - dark blue, Ni*?- yellow-green, Cu*? - light blue), but only the com-
plex of the ligand with Mn*?is white crystals.

In the IR spectrum of the ligand (figure 1), an intense absorption band is
observed at 1037.5 cm™, which is characteristic of C-N stretching vibrations, the
band at of 1226.2 cm™ is attributed to the absorption of P=0 group, 3269.5 cm™ -
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Figure 1 — IR spectrum of 1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine (L)
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Figure 2 — IR spectrum of CoL,Cl,

to the uptake of O-H, 1182.1 cm™ — (-CH,-O-CH,-), 1454.3 cm™ - P-OCHjs, and
also several absorption bands of Cqy-Cqp (2822.2 cm™*, 2879.1 cm™, 2958.9 cm™).

The IR spectrum of the cobalt complex (figure 2) suggests the formation of a
complex. Thus, the shift of the absorption bands of the P=0O group into the region
1220.6 cm™ and P-OCHs; - at 1470.2 cm™ indicates the participation of the
phosphonate fragment in the formation of the Co™ - ligand bond, and also the C-
N bonds with 1037.5 cm™ to 1043.5 cm™. Absorption of the bonds of the hydro-
xyl group remains almost unchanged (C-O alcohol - 1037.5 cm™, 3267.4 cm™ -
O-H). The IR spectrum of the nickel complex looks similar.
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The average values of the absorption bands of the bonds of the P-OCHg,
P=0, C-N of ligand and its complexes are presented table 1.

Table 1 - IR spectra of the ligand and its complexes with ions Co*?, Ni*?, Cu*?, Mn*?

IR spectrum, cm™®

Compound

P-OCHj, P=0 C-N
Ligand (L) 1454 1226 1037
ColL,Cl, 1466 1200 1043
NiL,Cl, 1456 1188 1049
[CuL,Cl,] 1454 1226 1038
[MnL,SO,] 1453 1226 1037

Infrared spectra of copper and manganese complexes are characterized by the
presence of absorption bands of the above groups both in the ligand itself, which
indicates that the resulting samples contain mainly the initial ligand. However,
judging by some changes in the reaction solution (color, gradual dissolution of the
precipitate of the salt), a complex is formed. Apparently, the technique used is not
entirely suitable for the preparation of complexes with copper and manganese
ions.

The NMR spectra of the obtained complexes due to the strong magnetic field
of the metal ions turned out to be unsuitable for decoding and, accordingly, it is
impossible to determine the structure of the complex. To solve this problem, the
possibilities of computer chemistry are involved. The modeling was carried out
using the semiempirical PM3 method. To accelerate the optimization of ligand
structures and its complexes, its structure is simplified by replacing the sub-
stituent at the nitrogen of piperidine ring by the methyl group, while the extension
of this substituent is assumed to have a slight effect on the heat of complex
formation. As the complex-forming model compound, chloride of bivalent copper
is taken. The accuracy of the optimization (gradient) is set to 0.01 kcal/mol.

To estimate the heat of formation of the copper ligand-chloride system,
calculations were carried out for two conformational states of the heterocyclic
ring ("chair" and "boat"), and the distance between the ligand and copper chloride
was not less than 7A in order to avoid convergence and the formation of coor-
dination bonds during optimization. Since the possibility of forming coordination
bonds of three groups or fragments of the ligand was taken into account, four
more probable structures (figure 3) of the complex were calculated.

After optimization of the most probable structures of the complex, the heat
of formation was estimated. Calculations show that the formation of complex 4
(HF = -267.960 kcal/mol) is most profitable energetically. The main points for the
generation of coordination bonds between the ligand molecule - 1-(2-etho-
xyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine, and the bivalent copper
ion are nitrogen and oxygen with a double bond on phosphorus, which have the
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Initial system
(ligand “chair™)

Heat of formation
HF =-200.893 kcal/mol

Complex 1
(Cu™® N, «chair»)

Heat of formation
HF =-258.157 kcal/mol

Initial system
(ligand "boat")

Heat of formation
HF =-202.286 kcal/mol

Complex 2
(Cu+2, N, OH, «boat»)

Heat of formation
HF =-261.256 kcal/mol

Complex 3 Complex 4
(Cu*®, P=0, OH, «chair») (Cu* N, P=0, «boat»)

Heat of formation
HF =-267.960 kcal/mol

Heat of formation
HF = -261.677 kcal/mol

Figure 3 — Probable conformation of the ligand and complexes
and the values of Heat of formation

highest electron density. The second molecule of the ligand "joins™ to metal ion in
the same way. The nature of the substituent at the nitrogen atom of the piperidine
ring and the metal does not significantly affect the heat of formation of the
complex.

Thus, the most probable structure of 1-(2-ethoxyethyl)-4-(dimethoxyphos-
phoryl)-4-hydroxypiperidine complex with a divalent metal ion is:
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The shift in the absorption bands of the P-OCHj3;, P=0 and C-N bonds in the
IR spectra of CoL,Cl, and NiL,Cl, compared with analogous bands of ligand
testifies the formation of this complex structure.

Test studies on the germination of seeds of two complexes of 1-(2-etho-
xyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine with cobalt (CoL,Cl,)
and manganese ([MnL,SQO,]) ions were carried out on the barley variety "Arna"
(elite), wheat variety "Kazakhstan-10 "(elite) and maize variety "KazNIIZR-75".
Table 2 presents the results of the first 3 days after the soaking of seeds in the
corresponding solutions (concentration of Kaz-10 and Kaz-11 was 1,010 %).

Table 2 — Test data Kaz-10, Kaz-11 and applied plant growth stimulants (Gumi-K+Vermicai) and
Baikal EM-1 for germination of barley, wheat and maize seeds in model experiments on phytotron

The number of sprouted seeds for every 10 in the series, pcs.
Preparation Barley variety Wheat variety Maize variety
"Arna" (elite) "Kazakhstan-10" (elite) "KazNIIZR-75"
Control (Water) 2,3/10 5,7/10 no
Kaz-10 (CoL,Cl,) 2,5/10 7,7/10 no
Kaz-11 ([MnL,S0,]) 3,0/10 6,7/10 no
(Gumi-K+Vermicai) 2,0/10 7,3/10 no
Baikal EM-1 1,5/10 7,0/10 no

The stimulating effect of Kaz-10 and Kaz-11 and used stimulants (Gumi-
K+Vermicai, Baikal EM-1) on seeds of cereal crops - barley and wheat is noted.
On the seeds of maize varieties "KazNIIZR-75" during the first three days, the
effect does not appear in all the solutions studied.

Thus, it had been shown that hydroxyphosphonate - 1-(2-ethoxyethyl)-4-
(dimethoxyphosphoryl)-4-hydroxypiperidine, forms with the ions of biogenic
metals (Co*?, Ni*?, Cu™?, Mn*?) complexes in the ratio of ligand: ion is 2 : 1. The
cobalt and nickel ions generate stable complexes, whereas the product obtained
with copper and manganese ions is basically a mixture of the ligand and the
corresponding salt. It is energetically most advantageous a complex in which the
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metal ion M* 2 has coordination bonds with the nitrogen and oxygen of P=0O
group, and the piperidine cycle is in the “boat” conformation. CoL,Cl, and
[MnL,SO,] under laboratory ciphers Kaz-10 and Kaz-11 significantly stimulate
the germination of barley and wheat seeds at a concentration of 1.0:107°%.

EXPERIMENTAL PART

Control over the reactions is carried out by thin layer chromatography on
aluminum oxide of 11l degree of activity with the appearance of spots by iodine
vapor. The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer in
KBr tablets.

Synthesis of di[1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine]cobalt (I1) chloride. To a solution of 0.25 g (9.010 mole) of 1-(2-
ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine in 5-10 ml of ethanol
(or methylene chloride) was added a solution of 0.1 g (4,5.10-4 mole) of cobalt
(1) chloride hexahydrate in 5-10 ml of ethanol (or methylene chloride). Then a
pink mixture is placed in an ultrasonic bath for 30 min. The reaction solution is
then dried at 50°C, until the solvent has completely evaporated. The complex is
obtained in the form of a crystalline powder of a dark blue color with a yield of
66.7% (0.21 g), m.p. 118-128 ° C (ethanol) and 60% (1.18 g), m.p.108-135° C
(methylene chloride).

CalCd., %: C 38,16; H 6,988. C0C22H48N2010P2C|2.

Found., %: C 38,49; H 6,59.

IR, cm™: 1183 (-CH,-0O-CHj-); 1466 (-P-OCHj3); 2965, 2966, 2969 (Cgpz-Csp2);
1200 (P=0); 1044 (C-OH); 3267 (Cyrom-H).

Synthesis of di[1l- (2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine]nickel (I1) chloride. To a solution of 0.25 g (9.010™ mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 5-10 ml of
ethanol (or methylene chloride) was added a solution of 0.1 g (4,510 mole) of
nickel chloride hexahydrate (I1) in 5-10 ml of ethanol (or methylene chloride).
The mixture is then placed in an ultrasonic bath for 1 min. The reaction solution is
then dried at 50°C, until the solvent has completely evaporated. The complex is
obtained as a crystalline powder of a yellow-green color with a yield of 75.2%
(0.23 g), m.p. 111-161°C (ethanol) and 57.2% (1.18 g), m.p. 141-151° C (methy-
lene chloride).

CaICd., %: C 38,18; H 6,99. NiC22H43N2010P2C|2.

Found., %: C 38,71; H 6,81.

IR, cm™ 1115 (-CHy-O-CH,-); 1456 (-P-OCHs); 2971, 2972, 2973 (Cyp-
Csp2); 1188 (P=0); 1048 (C-OH); 3200 (Carom-H).

Synthesis of di[1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine] copper (1) chloride. To a solution of 0.3 g (7.810" mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 50 ml of ethanol
(or methylene chloride) was added a solution of 0.005 g (3.910™ mole) of copper
(1) chloride in 5 ml of ethanol (or methylene chloride). The mixture is stirred for
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1 h at room temperature and held for 20 min in an ultrasonic bath. The complex is
obtained as a light blue crystalline powder in 75% yield (0.2 g), m.p. 107-112° C
(ethanol) and m.p. 108-112 ° C (methylene chloride) (mixture of ligand, salt and
complex).

CaICd., %: C 37,91; H 6,94. CUC22H48N2010P2C|2.

Found., %: C 42,54; H 7,64.

UK crektp, em™: 1110 (-CH,-O-CH,-); 1454 (-P-OCHs); 2821,7; 2880,6;
2959,3 (Csp2-Csp); 1226,2 (P=0); 1037,5 (C-OH); 3269 (Carom.-H).

Synthesis of di[1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine] manganese (11) sulfate. To a solution of 0.9 g (3.210°° mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 50 ml of ethanol
(or methylene chloride) was added a solution of 0.27 g (1,6:10° mole) manganese
sulfate (1) monohydrate in 5 ml of ethanol (or methylene chloride). The mixture
is stirred for 1 h at room temperature and held for 20 min in an ultrasonic bath.
The complex is obtained as a white crystalline powder in 70% yield (0.18 g), m.p.
106-114°C (ethanol) and m.p. 109-113°C (methylene chloride) (mixture of
ligand, salt and complex).

CaICd., %: C 33,95; H 6,78. Mn022H48N2014P28.

Found., %: C 43,59; H 8,94.

IR, cm™: 1110 (-CHy-O-CHy-); 1452,7 (-P-OCHj); 2957,5 (Cypo-Cyp2); 1226,0
(P=0); 1038,3 (C-OH); 3267,9 (Carom-H).

Research was carried out in a framework of the grant of the Ministry of
Education and Science of the Republic of Kazakhstan AP05131025.
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H. V. Keicmaybaesa, T. E. XKapkwinoex, P. M. Paxmamyauna, M. @. @acxymounos,
A. E. Manmaxosa, C. C. XKymarosa, K. /]. IIlpanues, B. K. FO

KOMIUIEKCBI 1-(2-3TOKCHUATUI)-4-(IUMETETOKCUPOCDHOPUI)-4-
TUJIPOKCUTTUIIEPUAMHA 5
C MIOHAMU BUOTEHHBIX METAJIJIOB: CUHTE3 U CBOMCTBA

ITokazaHa BO3MOXKHOCTH KOMILIEKCOOOpazoBanus 1-(2-3ToxcuaTHII)-4-(IUMETOKCH-
docdopr)-4-rHAPOKCHIINIIEPHANHA ¢ HOHAMH OnoreHHbIX MertammoB (Co™, Ni*? Cu™?,
Mn*%) B cootHomenun muranmuon = 2:1. OKa3anoch, YTO HOHBI KOOAIbTA M HHKENs
00pa3yroT cTabHIbHBIE KOMIUICKCHI, TOT/Ia KaK TMOJYYEHHBIH MPOIYKT C HOHAMU MEIU U
Maprasia MpeacTaBiIseT B OCHOBHOM MEXaHHWYECKYHO CMeCh JIMTaHIa M COOTBETCTBYIO-
mieit conu. MoaenupoBaHueM MoJTy3MIuprudeckuM MetonoM PM3 mokaszaHo, 4to 3Hepre-
THUYECKH Hauboyiee BHIFOJHO 00pa30BaHHE KOMIUIEKCA, B KOTOPOM HOH ABYXBaJCHTHOI'O
MeTaia 00pa3yeT KOOPJMHAIIMOHHBIE CBSI3M C aTOMAaMHU a30Ta M KHCJIOPOJa C JBONHOM
CBsI3bI0 Ha Pocdope, NP ITOM MUMNEPUANHOBBIN UK HAXOIUTCS B KOH(POPMAIIUK 6aHHA.
CoL,Cl, u [MnL,SOy4] mox mabopatopusivu mmdppamu Kaz-10 n Kas-11 B koHIeHTpamiu
1,010 % 3aMeTHO CTHMYTHPYIOT IPOPACTAHHE CEMSH SIMEHS | TIICHHIB.

KiroueBble ciioBa: ruapokCH(pochOHAT, HOHBI OMOI€HHBIX METAJIOB, KOMILICKC,
CHHTE3, CTPYKTYPa, CTUMYJISILIHS IIPOPACTAHUS CEMSIH SIUMEHS M MIICHUIBI.
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H. V. Keicmaybaesa, T. E. XKapkwinoex, P. M. Paxmamyauna, M. @. @acxymounos,
A. E. Manmaxosa, C. C. XKymarosa, K. XK. Ilipanues, B. K. IO

1-(2-OTOKCUDTUI)-4-(TUMETETOKCUDOCDOPUII)-4-
TMAPOKCUITUITIEPUAVMHHIH BUOTEHAI METAJITAP NOHJJAPBIMEH
KEINEHJEPI: CUHTE3I MEH KACUETTEPI

Jluraum:von = 2:1 karsiHaceiHga 1-(2-arokcuatiin)-4-(mumerokcudochopum)-4-rus-
POKCHITHITEpPHIVHHIH OHOTE€HII MeTalIapAblH HOHIaphIMEH (C0+2, Ni*2, Cu®, Mn+2)
KEIIeH Ty3y MYMKIHIIr KepceTiired. MbIC IIeH MapraHell HOHAaphIHAH abIHFaH OHIMICP
JIMTaHI TIeH COWKEC TY3/bIH MEXaHHKAJIBIK KOCIAachl 0OJBIN TaObuIca, al KoOaibTa IeH
HHUKEJIST HOHIAphl TYPAKTHI KEIIeH TY3eTIHAIr aHbIKTaaabl. PM3 skapThiiail SMIHPHKAIIBIK,
9MiCiMEH MOJIENBJICY apKbUIbI, €Ki BAJICHTTI METAJIIBIH HOHBI a30T XoHE (pochopmarsl KOC
0ailIaHBICTBI OTTErT aTOMAApPbIMEH KOOPIMHALMSIIBIK OaillaHbIC TY3TEHIE, MUIEPHINH
UKITIHIH 6a#Ha KOH(OpMAIIHsIa OPHATIACYBI KEIICH TY3UTyiHIH SHEPreTUKANBIK JKaFbIHAH
eH TuimMai ekeHairi kepcerinred. Kasz-10 xone Ka3z-11 3epTxanansik mudprapmer oepin-
ren CoL,Cl, xane [MnL,SO,] 1,0‘10'3 % KOHIICHTpAIMACEIHIA apa MeH Oumail TYKbIM-
JIAPBIHBIH 6CYIH alTapIBIKTall bIHTAIAH BIPA/IBL.

Tyiin ce3nep: ruapoxcudocdoHaT, OHOTEHAI METaTAAPAbIH WOHJAPHIMEH, KOMII-
JIeKC, CUHTE3, CTPYKTYPa, CTUMYJISILIUSI TPOPACTAHUS CEMSIH STUMEHS U MIICHHIIBI.
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