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We obtained β-diketone-1-ferrocenylbutanedione-1,3 by Kleisen condensation. Hydrazones of 
monocarboxylic acids 1-ferrocenylbutanedione-1,3 (H2L) were synthesized by the interaction of carboxylic acid 
hydrazides with ferrocenoylacetone. On their basis, complexes with copper(II), zinc(II), and nickel(II) ions were 
obtained. The IR spectra of the synthesized compounds were studied.The research results showed that H2L in 
solution exists in the form of a tautomeric mixture: hydrazone, α-hydroxyazine, and cyclic 5-hydroxypyrazoline 
forms. According to the results of IR spectra, the complexes were assigned a planar-square structure, and in them 
the doubly deprotonatedligand residue is coordinated by a metal atom through two oxygen atoms and a nitrogen 
atom of the hydrazone fragment. The fourth place in the flat square of the trans-N2O2-coordination site is 
occupied by the ammonia molecule.
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At present, a huge number of ferrocene-containing ligands are used in coordination chemistry [1], and 
complexes with 3d metals are widely used as biostimulants [2]. To a special extent, biological activity is inherent 
in hydrazone derivatives of ferrocene, which is due precisely to their chelating ability. In addition, they can be 
used as surfactants in soil remediation and as selective colorimetric and electrochemical chemosensors of 
agricultural interest. Numerous experiments have established that the use of molecular and intra-complex 
compounds based on ferrocene – containing derivatives of trace elements, such as copper, nickel and zinc, leads 
to an improvement in the germination of plant seeds and is a potent pesticide and has a beneficial effect on the 
growth and development of plants. It has been established that the stimulating properties of complex compounds 
depend on the nature of the metal, methods of coordination of ligands, as well as the chemical composition and 
geometric structure of the complexes [3].

At the first stage of the synthesis, we carried out the condensation reaction of mono-acetylferrocene 
with ethyl acetate [4, 5, 6, 7, 8]. The β-dicarbonyl derivative of ferrocene –
1-ferrocenylbutanedione-1,3 (I) was synthesized according to the following reaction scheme:

I
New ligands H2L1 - H2L5, respectively, were synthesized by the interaction of alcoholic solutions of 

equimolar amounts of 1-ferro-cenylbutanedione-1,3 with alcoholic solutions of acetylhydrazide, 
benzoylhydrazide, meta-nitrobenzoylhydrazide, hydrazides of 5-bromosalicylic and phenylacetic acids, 
respectively.

Ligands H2L1 - H2L5 were synthesized according to the following reaction scheme:
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Х=О: R=CH3 (H2L1), C6H5 (H2L2), м-NO2-C6H4 (H2L3), n-NO2-C6H4 (H2L4),
2-OH-5-Br-C6H3 (H2L5), C6H5CH2 (H2L6). X=S, R=NH2, (H2L7).

The presence of a hydrazone group in compound II suggests wide possibilities for tautomerism. For it, 
we can assume the possibility of the existence of at least three tautomeric forms: hydrazone (A), enhydrazine 
(B), and cyclic pyrazoline (C) forms. In addition, configurational isomerism should also be taken into account 
for them [3, 9, 10-16].

In the IR spectra of all type II ligands, characteristic absorption bands near 1040-1080, 1270-1300, 
1535-1600, va 3190-3278 cm1, attributed to the νs and νas vibrations N–N, C–N, C=N and N– H bonds, 
respectively (Fig. 1, Table 1). In the short-wavelength region of the spectrum, two absorption bands are noted, 
which are characteristic of ferrocene-containing compounds, attributed to torsional vibrations of the 
cyclopentadienyl fragments of the ligands about the fivefold axis of the metallocene. Also characteristic are the 
absorption bands at 835-850 см-1 νС=S of the H2L7 ligand with thiosemicarbazone fragments [16-20].
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Fig.1. IR spectra of monoacetylferrocene (a), ferrocenoylacetone (b), H2L3

ligand (c) and IR spectrum of H2L3 ligand calculated using the AVOGADRO program (г).
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The IR spectrum of H2L4 shows absorption bands within 3230, 1540, and 1050 см-1, assigned to νs and 
νаs vibrations of N–H, C=N, N–N bonds, respectively. The spectrum also contains high-intensity bands 
characteristic of νs and νаs vibrations of  NO2 at 1535 см-1 and 1346 см-1.

The IR spectrum of H2L6 in a pressed KBr pellet showed that the intensities of the absorption band in 
the region of 3500 см-1 (νО-Н). IR spectra leading characteristic bands within 480-505 см-1, corresponding to the 
rotation of cyclopentadienyl rings. 

Table 1.
Assignment of stretching vibration frequencies (n, см-1) in

IR spectra of ligands H2L1-H2L5

Comp
o
und

NH2 N-H C-H C=O C=N NO2 C-N N-N C=S Fe-Cp

H2L1 - 3230 3030 1655 1535 - 1285 1065 - 480/500
H2L2 - 3190 3025 1680 1590 1295 1080 - 485/502
H2L3 - 3278 2981 1660 1545 1535/1346 1300 1051 - 482/503
H2L4 - 3230 2975 1665 1540 1538/1348 1295 1050 - 483/505
H2L5 - 3193 2972 1680 1540 - 1290 1040 - 485/502
H2L6 - 3233 2995 1665 1595 - 1270 1070 835 482/500
H2L7 3425 3275 2980 1662 1635 - 1300 1051 - 482/503

The IR spectra of all compounds synthesized by us, in addition to the main characteristic bands, have 
absorption bands of average intensity of about 480-505 см-1, corresponding to the rotation of cyclopentadienyl 
rings.

By mixing alcohol solutions of ligands of the H2L type and an aqueous ammonia solution of 
M(CH3COO)2, (where М=Cu(II), Ni(II) and Zn(II)), in an equimolar ratio, CuL∙NH3 complex compounds were 
obtained:

III
M = Cu(II), Ni(II) и Zn(II)

Х=О: R=CH3 (CuL1∙NH3, NiL1∙NH3, ZnL1∙NH3), C6H5 (CuL2∙NH3, NiL2∙NH3, ZnL2∙NH3), м-NO2-C6H4 

(CuL3∙NH3, NiL3∙NH3, ZnL3∙NH3), о-NO2-C6H4 (CuL4∙NH3, NiL4∙NH3, ZnL4∙NH3), 2-OH-5-Br-C6H3 

(CuL5∙NH3, NiL5∙NH3, ZnL5∙NH3), C6H5CH2 (CuL6∙NH3, NiL6∙NH3, ZnL6∙NH3); X=S, R=NH2 (CuL7∙NH3, 
NiL7∙NH3, ZnL7∙NH3).

The formation of the complex is confirmed by clear analytical features in the IR spectrum (Table 2, Fig. 
2). Judging by the results of the IR spectra of the complexes in the solid state, there are no characteristic 
absorption bands of the free ligand near 1655-1680 см-1, 3190-3278 см-1 (νС=О, νN-H). The IR spectra of the 
complexes show low-intensity absorption bands at 3375–3380, 3320–3330, 3240–3250, and 3150 см-1, which 
should be assigned to symmetric and antisymmetric stretching vibrations of the coordinated ammonia molecule.
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Rice. 2. IR spectrum of a copper(II) complex compound  CuL3∙NH3.
The IR spectra of the complexes show a number of bands of medium and strong intensity in the regions 

1580-1585, 1530-1540, 1470-1480, 1420-1430, 1395-1400 см–1 metal cycles.
Analysis of the IR spectrum of the CuL3∙NH3 complex showed that the spectrum contains bands at 416, 

447, 675, 715, 766, 821, 1103, 1259, 1346, 1527, 1589, 1614, 1687, 3089, 3420 см-1. It should be noted that in 
the IR spectrum of the CuL3∙NH3 complex (Fig. 2), the vibrational frequency (νС=N 1614 см-1) compared to the 
spectrum of the free ligand (νС=N 1635 см-1) is shifted to low frequencies by 21 см–1, at the same time, the value 
of the C=N bond frequency increases by 5-10 см–1. This allows us to state that the ligand is coordinated to the 
metal through two amide and β-diketone oxygen atoms and azomethine nitrogen atom.

The identity of the IR spectra of copper(II) and nickel(II) compounds with the ligands of the same name 
indicates a similar structure of these complexes. According to the results of elemental analysis, the general 
formula NiL∙NH3 was assigned to the complex compounds. The IR spectra of complex compounds differ from 
the IR spectra of free ligands in that there are no absorption bands in the region of 1660-1700 and 3400 см-1. 
This indicates the deprotonation of ligands during complexation.

Table 2. Assignment of stretching vibration frequencies (n, см-1) in the IR spectra of copper(II), 
nickel(II) and zinc complexes

Compound NH2 C-H C=N
N=C-
C=N

N=C-O- N-N NO2 Fe-Cp

NiL2∙NH3 3384 2935 1630 1586 1550 1086 - 480-500

NiL3∙NH3 3240 3035 1610 1595 1552 1092 1535/1340 481/503

NiL4∙NH3 3396 3050 1625 1600 1555 1045 1535/1340 482/504

CuL4∙NH3 3420 3089 1614 1589 1527 1103 1535/1346 483/500

CuL2∙NH3 3423 3085 1600 1590 1535 1105 - 470/500

ZnL1∙NH3 3440 3020 1615 1597 1548 1075 - 466/500

ZnL2∙NH3 3410 2930 1650 1600 1540 1070 - 465/502

ZnL4∙NH3 3395 3035 1620 1592 1542 1088 1535/1340 465/503

ZnL5∙NH3 3405 3080 1610 1595 1525 1100 - 468/503

Zinc is also prone to complex formation, but due to the spherical symmetric d10-configuration, the effect 
of stabilization by the ligand field has not been established for zinc complex compounds [18-20].
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Comparing the IR spectra of H2L1-H2L7 and their complexes with metal acetates, we can say that the 
position of the stretching vibrations of the Fe-Cp bond remains unchanged, being located in the region of 465-
505 см-1. The bands appearing in the IR spectra of the complexes at 3380-3420 см-1 are assigned to νs and νаs of 
the coordinated ammonia molecule. Hence, it can be concluded that the doubly deprotonated ligand residue is 
coordinated by the metal atom through two oxygen atoms and by the nitrogen atom of the hydrazone fragment. 
The fourth position in the planar square of the trans-N2O2 coordination site is occupied by the ammonia 
molecule. Practically planar five- and six-membered conjugated metallocycles are almost coplanar with each 
other.

Based on the results of elemental analysis, IR spectroscopy, and literature data, it can be assumed that the 
ligand in the complexes is bidentately coordinated to copper(II), zinc(II), and nickel(II) ions. The acetate anion 
of the starting salts acts as a deprotonating agent in ethanol solution, and the square planar structure III is 
assigned to the complexes.

REFERENCES
1. Cullen W.R., Woollins J.D. Ferrocene-containing metal complexes// Coord. Chem. Rev. – 1981. – Vol. 39. 

– Р. 1-30.
2. Colacot T.J. A Concise Updateon the Applications of Chiral Ferrocenyl Phosphines in Homogeneous 

Catalysis Leading to Organic Synthesis // Chem. Rev. . – 2003. –Vol. 103. – Р. 3101-3118.
3. Умаров Б.Б. Комплексные соединения некоторых переходных металлов с бис-5-оксипиразолинами. 

Дис. докт. хим. наук. – Ташкент: ИУ АН РУз. – 1996. – 350 с.
4. Умаров Б.Б., Сулаймонова З.А., Бахранова Д.А. Синтез β-дикарбонильных производных ферроцена

// “Наука и инновации в современных условиях Узбекистана” Республиканская научно-
практическая конференция. Нукус– 2020, 20 май. – С. 114-115. 

5. Сулаймонова З.А., Наврузова М., Чориева С. Синтез β-дикарбонильного производного ферроцена-
ферроценоилацетона // “Замонавий кимёнинг долзарб муаммолари” Республика миқёсидаги 
хорижий олимлар иштирокидаги онлайн илмий-амалий анжуманининг илмий мақолалари тўплами.  
Бухоро– 2020, 4-5 декабрь.– Бухоро. – С. 375-377.

6. Умаров Б.Б., Сулаймонова З.А., Тиллаева Д.М. Синтез лигандов на основе производных ферроцена 
с гидразидами моно- и дикарбоновых кислот // Universum: Химия и биология. Россия, –2020. № 
3(69). –С. 19-22 URL: http://7universum.com/ru/nature/archive/item/8966

7. Умаров Б.Б., Сулаймонова З.А., Тиллаева Д.М. Комплексные соединения переходных металлов на
основе продуктов конденсации ферроценоилацетона с гидразидами карбоновых кислот // Бухоро
муҳандислик технология институти “Фан ва технологиялар тараққиёти” журнали Узбекистан,–
2020. – №6. – С. 7-12.

8. Умаров Б.Б., Сулаймонова З.А., Ачылова М.К.. "Синтез комплексов на основе монокарбонильных 
производных ферроцена с гидразидами карбоновых кислот." Universum: химия и биология 1-1 (79) 
(2021): 85-89.

9. Умаров Б.Б., Сулаймонова З.А., Тиллаева Д.М. Комплексные соединения переходных металлов на 
основе продуктов конденсации ферроценоилацетона с гидразидами карбоновых кислот // Бухоро 
муҳандислик технология институти “Фан ва технологиялар тараққиёти” журнали Узбекистан, -
2020. - №6. - С. 7-12.

10. Умаров Б.Б., Сулаймонова З.А., Тиллаева Д.М. Комплексные соединения переходных металлов на 
основе конденсации производных ферроцена с гидразидами карбоновых кислот // Научный вестник 
Наманганского государственного университета. - 2020. - №9. - С. 58-63.

11. Sulaymonova Z.A., Umarov B.B., Choriyeva S.A., Navruzova M.B. Synthesis of Complexes Based On 
Monocarbonyl Ferrocene Derivatives with Carbonic Acid Hydrases // International Journal of Academic 
Pedagogical Research (IJAPR). - 2021. -Vol. 5. -С. 134-137.

12. Умаров Б.Б., Сулаймонова З.А. Синтез комплекса никеля(II) на основе производных ферроцена// 
Федеральное государственное бюджетное образовательное учреждение высшего образования 
"МИРЭА - Российский технологический университет" Симпозиум “Химия в народном хозяйстве”.  
Дубровицы -2020. - С. 106-107.

13. Сулаймонова, З. А., М. Б. Наврузова, and С. А. Чориева. "Термическое исследование производных 
ферроцена." Editor coordinator (2021): 473.

14. Сулаймонова З.А., Наврузова М., Чориева С. Синтез β-дикарбонильного производного ферроцена-
ферроценоилацетона // “Замонавий кимёнинг долзарб муаммолари” Республика миқёсидаги 
хорижий олимлар иштирокидаги онлайн илмий-амалий анжуманининг илмий мақолалари тўплами.  
Бухоро -2020, 4-5 декабрь.  - Бухоро. - С. 375-377.

http://doi.org/10.9756/INT-JECSE/V14I1.221001
http://7universum.com/ru/nature/archive/item/8966


International Journal of Early Childhood Special Education (INT-JECSE)
ISSN: 1308-5581   Vol 14, Issue 03 2022

4551

15. Умаров Б.Б., Сулаймонова З.А., Бахранова Д.А. Синтез β-дикарбонильных производных 
ферроцена// “Наука и инновации в современных условиях Узбекистана” Республиканская научно-
практическая конференция. Нукус-2020, 20 май. - С. 114-115. 

16. Сулаймонова З.А., Атаева А.О. Синтез лигандов на основе моно-карбонильных производных 
ферроцена с гидразидами карбоновых кислот // “Замонавий кимёнинг долзарб муаммолари” 
Республика миқёсидаги хорижий олимлар иштирокидаги онлайн илмий-амалий анжуманининг 
илмий мақолалари тўплами.  Бухоро -2020, 4-5 декабрь. - Бухоро. - С. 323-324.

17. Сулаймонова З.А., Кадирова З.К. Синтез лигандов на основе производных ферроцена с гидразидами 
карбоновых кислот // Ўзбекистонда илмий-амалий тадқиқотлар мавзусидаги конференция 
материаллари. -2020, 4-5 декабрь, №15, 5 апрель. - С. 180-181.

18. Сулаймонова З.А., Авезова Ф.М. Комплексы металлов с гидразонами моноацетилферроцена // 
“Замонавий кимёнинг долзарб муаммолари” Республика миқёсидаги хорижий олимлар 
иштирокидаги онлайн илмий-амалий анжуманининг илмий мақолалари тўплами. Бухоро-2020, 4-5 
декарь.  - С. 393-395.

19. Умаров Б.Б., Сулаймонова З.А. Синтез комплексов переходных металлов на основе 
моноацетилферроцена // ЎзФА академиги, к.ф.д., проф. Парпиев Н.А. таваллудининг 90 йиллик 
хотирасига бағишланган “Комплекс бирикмалар кимёсининг долзарб муаммолари” мавзусидаги 
Республика илмий-амалий конференция материаллари тўплами. - Ташкент 2021, 14-15 сентябрь.  -
С. 56. 

20. 20. Умаров Б.Б., Сулаймонова З.А. Комплексы меди(II) c гидразоном мета-нитробензоилгидразона 
с ферроценоилацетона// ЎзФА академиги, к.ф.д., проф. Парпиев Н.А. таваллудининг 90 йиллик 
хотирасига бағишланган “Комплекс бирикмалар кимёсининг долзарб муаммолари” мавзусидаги 
Республика илмий-амалий конференция материаллари тўплами. - Ташкент 2021, 14-15 сентябрь.  -
С. 61-62. 

21. Сулаймонова З.А. Термическое исследование бензоилгидразона ферроценоилацетона и его 
комплексов с переходными металлами // Сборник трудов международной научно-теоретической 
конференции на тему: «Куатбековские чтения-1: Уроки Независимости», посвященной 30-летию 
Независимости Республики Казахстан 23 апрель 2021 г. - С. 9-12.

http://doi.org/10.9756/INT-JECSE/V14I1.221001

