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Annotatsiya. Ushbu maqolada rux nitrat va ketorolak asosida hosil

gilingan yangi koordinatsion birikmaning sintezi va fizik-kimyoviy xossalari
organildi. Kompleks birikma [Zn(ket);](NO3),*2H,0 suv va etanol
aralashmasida pH = 5.5-6 sharoitida sintez qilindi. Oq kristall holida cho‘kma
sifatida ajralib chiqdi. Sintez qilingan modda IR-spektroskopiya, UV-Vis va
elementar analiz metodlari yordamida tahlil qilindi. Natijalar birikmada Zn-0
koordinatsion bog'lar hosil bo‘lganini, ketorolak esa karboksil guruhi orqgali rux
ioniga bog‘langanini ko‘rsatdi. Tadqiqot natijalari yangi koordinatsion
birikmalar sintezining farmatsevtika va noorganik kimyo sohalaridagi
ahamiyatini tasdiqglaydi.

Kalit so‘zlar: Ketorolak, formamid, atsetamid, karbamid, nikotinamid,
kompleks birikma, aralash-ligandli kompleks birikma, metall kompleks, IR-
spektroskopiya, UV-Vis, element analiz.

AHHOTamua. B JaHHOM cTaTbe MNpeACTaBJeH CUHTEe3 U (QU3UKO-
XUMHUYeCKasd XapaKTepUCTHKAa HOBOIO KOODAWHALMOHHOIO COeJHUHEeHHH,
IIOJ[yYeHHOTO W3  HUTpaTa LMHKa U  KeTopoJsaka. CoexuHeHUe
[Zn(ket),](NO3),¢2H,0 6bLI0 CMHTE3MpPOBAHO B CMeCH BoJa-3TaHoJ npu pH
5,5-6 1 BblZlesIeHO B BU/Jle OesibIX KpUCTaJ10B. CHHTEe3UpPOBAaHHOE COeJUHEHUE
OblLJIO TNpOaHAaJM3UPOBAaHO C wucnosb3oBaHueM MHK-cnekrpockonuu, YO-
BUJMMOM CIEKTPOCKOINHWY U 3JIeMEHTHOI0 aHau3a. Pe3ysbTaThl noATBEpAUIN
oOpa3oBaHMe KOODJMHALMOHHBIX cBA3ed Zn-0, npH I3TOM KeTOpoJaK
BBICTylIaeT B KadyeCcTBe JIMraHJAa 4Yepe3 CBOK KapOOKCWJIbHYI rpynmy. B
UcCJIeJOBaHUU noJ4epKuBaeTcs 3HAaYMMOCTb CUHTe3a HOBBIX
KOOPJAMHALMOHHBIX COEJUHEHUN [Jid NpUMeHeHUs B (apMaleBTUYEeCKOU U
HEOpPTraHUYEeCKOW XHUMHUH.

KioyeBble ciaoBa: Keroposiak, ¢opMamuj, aneTamMu[, KapbaMun,
HUKOTHHAMUJ, KOMIIJIEKCHOE coeJjHEHUE, CMeIlaHHO-JIMraH/iHOe
KOMILJIEKCHOE COeJJMHeHUWe, MeTas/lindyeckuil koMmiiekc, UK-cnekTpockomnus,

Y®-BuauMas ClieKTPOCKOI s, 3JIeMeHTHbIN aHaJIU3.
Abstract: This article presents the synthesis and physicochemical
characterization of a novel coordination compound formed from zinc nitrate and
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ketorolac. The compound [Zn(ket),](NO3),¢2H,0 was synthesized in a water-
ethanol mixture under pH conditions of 5.5-6 and precipitated as white crystals.
The synthesized compound was analyzed using IR spectroscopy, UV-Vis
spectroscopy, and elemental analysis. The results confirmed the formation of
Zn-0 coordination bonds, with ketorolac acting as a ligand through its carboxyl
group. The study emphasizes the significance of synthesizing new coordination
compounds for applications in pharmaceutical and inorganic chemistry.

Keywords: Ketorolac, formamide, coordination compound, mixed-ligand
coordination compound, metal complex, IR spectroscopy (Infrared
spectroscopy), UV-Vis spectroscopy (Ultraviolet-Visible spectroscopy),
elemental analysis.

The chemistry of coordination compounds is currently one of the most
promising fields in pharmaceutical and biomedical research. In particular,
complexes formed between bioactive molecules and metal ions play a crucial
role in enhancing pharmacological effects. This review focuses on the available
literature concerning the coordination compound formed between ketorolac
and the zinc (Zn) element, analyzing the data across several key directions.

Ketorolac is a non-steroidal anti-inflammatory drug (NSAID), whose
mechanism of action is based on the inhibition of cyclooxygenase (COX)
enzymes involved in the synthesis of prostaglandins. It exhibits analgesic, anti-
inflammatory, and antipyretic effects. According to [1] ketorolac possesses a
molecular structure that includes a carboxyl group, enabling it to coordinate
with metal ions via the oxygen atom of this group. Zinc is an essential trace
element for the human body and is involved in the structure and function of over
100 enzymes. It plays a pivotal role in the immune system, DNA synthesis,
antioxidant defense, and wound healing. The chemical and biological properties
of zinc, including its 3d'® electronic configuration and its tendency to form
complexes with a coordination number of six, are described in [2]. From a
coordination chemistry perspective, zinc's strong binding affinity toward
oxygen-donor ligands, particularly carboxyl groups, enhances its potential to
form bioactive complexes. The complexes formed between ketorolac and zinc
are based on coordination bonding involving the oxygen atom of the carboxyl
group. Reference [3] provides information on complexes formed between zinc
and ketoprofen (a structural analog of ketorolac), noting that such complexes
often involve mixed ligands — including urea, ethylenediamine, or
monoethanolamine. Crystallographic parameters of these complexes, such as

% & B
ke 4 134
2 n A&
T s A . <




R THEORETICAL ASPECTS IN THE FORMATION OF R
{%ﬁ PEDAGOGICAL SCIENCES {%ﬁ

International scientific-online conference

bond lengths, angles, and coordination geometries (e.g., octahedral
arrangements), are detailed in [4].

Ketorolac-zinc complexes have attracted significant attention due to their
notable antibacterial and antiviral activity. As reported in [3], these complexes
demonstrated considerably higher antibacterial efficacy compared to ketorolac
alone. These results are attributed to the synergistic effect between the metal
ion and the organic ligand, which enhances biological activity. Furthermore,
other studies have explored the anti-inflammatory, antioxidant, and even
anticancer potential of such complexes. Their pharmacokinetic properties —
including absorption, metabolism, and excretion in the body — have been
analyzed in [5]. The existing literature suggests that coordination compounds
formed between Kketorolac and zinc are of great pharmacological promise.
However, the synthesis, physicochemical characterization (e.g., IR, UV-Vis
spectroscopy, elemental analysis), structural features, and biological activity of
these complexes remain insufficiently explored. This underlines the novelty and
relevance of further scientific research in this field.

To investigate the composition and structure of the synthesized
coordination compounds, several physicochemical analytical methods were
employed. Initially, the infrared (IR) spectra of the coordination complex were
recorded in the range of 400-4000 cm™* using a Shimadzu IR Affinity-1S
spectrophotometer (Japan). The samples were prepared in the form of
potassium bromide (KBr) pellets with a diameter of 7 mm. For a comprehensive
interpretation of the IR spectroscopic data, spectra were obtained for the
individual zinc salt, the free ligand ketorolac, and the synthesized coordination
complex. Comparative analysis of these spectra allowed for detailed examination
of the coordination behavior and structural features of the complex.
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Figure 1.IR Spectrum of the Coordination Compound [Zn(L)2](NO3):
-2H20

The IR spectra of ketorolac, zinc(Il) nitrate hexahydrate, and the
coordination complex synthesized from these two components were analyzed.
In the IR spectrum of ketorolac, distinct absorption bands were observed at
1720 and 1705 cm™%, corresponding to the stretching vibrations of the C=0 bond
which are characteristic of the carboxylic acid group present in the ketorolac
molecule. Additionally, absorption bands in the range of 2729-2749 cm™* were
identified, attributed to the O-H stretching vibrations of the carboxyl group. The
IR spectrum of zinc(II) nitrate hexahydrate displayed characteristic vibrations
associated with water molecules and nitrate ions. The O-H stretching vibrations
of coordinated water appeared at 3369 and 3560 cm™
bands were observed at 1320 and 1400 cm™. Furthermore, low-frequency
bands in the range of 457-759 cm™! were assigned to Zn-0 vibrations. In the IR
spectrum of the synthesized coordination complex based on ketorolac and
zinc(II) nitrate, notable shifts in the C=0 stretching frequencies were
observed—from 1732 to 1739 cm™ and from 1693 to 1683 cm™'—indicating
the coordination of the carbonyl oxygen with the Zn(II) ion. The disappearance
of the broad O-H stretching bands further supports the deprotonation of the
carboxylic group and its subsequent involvement in complex formation with the
metal ion. Moreover, new absorption bands appeared in the range of 418-592
cm™?, confirming the formation of Zn-0 bonds. The IR spectrum of the complex

, while nitrate-related

also exhibited peaks at 1238 cm™ (a shift from 1230 to 1238 cm™) and in the
623-671 cm™* region, consistent with the presence of NO;~ ions. These nitrate-
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related bands are not significantly shifted (e.g., 1230 —» 1238 cm™ represents a

minor 12 cm™*

shift), and they are neither strongly split nor symmetrically
arranged, indicating that the nitrate anions are not coordinated directly to the
metal center but exist as free counter-ions in the outer coordination sphere [6].

Based on the IR spectral analysis presented above, the formation of a
coordination complex between ketorolac and zinc(Il) nitrate hexahydrate was
confirmed. The ketorolac molecule coordinates to the Zn(II) ion through its
carboxyl group. The key evidence supporting this includes the shift in the C=0
stretching vibrations, the disappearance of O-H stretching bands, and the
emergence of new bands characteristic of Zn-O bonds. These findings
demonstrate that ketorolac, similar to other pharmaceutical agents such as
ibuprofen, is capable of forming stable complexes with metal ions. Such
coordination compounds have potential applications in pharmaceutical and
biological systems.

Conclusion: The analysis also revealed that the nitrate ions are not directly
coordinated to the metal center but remain as free anions in the outer
coordination sphere. These findings demonstrate the structural stability of the
complex. This work contributes to the methodology of synthesizing zinc-based
coordination compounds and provides a theoretical foundation for their
potential application in pharmaceutical and bioorganic chemistry.
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