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STUDY OF THE CATALYTIC REACTION OF HYDRAZINOLYSIS
OF ALIPHATIC CARBOXYLIC ACIDS

Abstract. In this work, the reaction of hydrazinolysis of aliphatic carboxylic acid in the presence of an ionite
catalyst is considered for the first time. The experiments were made in the static conditions. Previously, the
corresponding butyl ether was obtained from the butyric acid, which in interaction with hydrazine formed a
hydrazide. The influence of various factors (quantity of hydrazine hydrate, catalyst, butyl alcohol, temperature,
reaction duration) on the formation of butyric acid hydrazide was studied. It reveals optimum conditions of synthesis
under which the most hydrazide yield made 68%. As a result, the IR spectroscopic researches of the mechanism of
hydrazinolysis reaction of the butyl ester of butyric acid with active centers of sulphonic cation-exchange. It is shown
that the reaction proceeds with the formation of transition complexes on the surface of the cation exchange resin. The
practical value of this work is to develop an effective method of butyric acid hydrazide preparation.
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Aliphatic carboxylic acid hydrazides and their derivatives are widely used in medical practice, in
various sectors of the national economy [1]. For example, 3- hydroxyl- 4,4 4-trichloro butyric acid
hydrazide has been proposed for use as a biologically active compound.

There are various methods of obtaining hydrazides of aliphatic acids. For example, the most
promising way to produce hydrazides is the hydrazinolysis of esters, mainly methyl or ethyl esters of the
corresponding carboxylic acids, when heated in a solvent medium. For example, 3 - hydroxy-4,4,4-
trichlorobutyric acid hydrazide is obtained in an alcohol medium by the reaction of - trichloromethyl - -
propiolactone with hydrazine hydrate [2].

In addition, methods are known based on the thermal decomposition of carboxylic acid salts with
hydrazine [3]. The main patterns that appear when aliphatic carboxylic acids are heated with hydrazine
hydrate are generally known and are depicted by the scheme:
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The disadvantage of these methods is that, especially when using acids with radicals R> C;H;, along
with the main product (1), are obtained incommensurate amounts of impurities - 1,2-diacylhydrazines (2)
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and cyclic compounds (3). The yield of the main product is increased, in particular, by azeotropic
distillation of water. There is also known a method for producing hydrazides by thermal decomposition of
RCONHNH; - N,H, salts (where R = pyrid-4-yl, Ph or lower alkyl) by reacting carboxylic acid (CA) and
hydrazine hydrate (HH) with a ratio CA: HH = 1: (1.2 -1.4), in the presence of a catalyst (Al,Os, sulfonic
cation exchanger) with azeotropic distillation of water [4]. The method is suitable only for lower
carboxylic and aromatic acids. Also known is a method of producing hydrazides by thermal
decomposition of salts of carboxylic acids with hydrazine hydrate, including mixing carboxylic acid and
hydrazine hydrate in a molar ratio of CA: HH = 1: 1.2, heating under reflux in the presence of butanol,
active aluminum oxide and benzene, distilling water as an azeotrope at a temperature of 95 °C for 2-8
hours, filtering the melt of the reaction mixture, crystallization, washing and drying the product in vacuum
[5]. The yield of hydrazides is 80-95%.

The disadvantage of this method is that it is suitable for obtaining only hydrazides of lower
carboxylic aliphatic acids with the radicals R = CH;, i-C;H;. In addition, this method uses solvents that
deteriorate the organoleptic properties of the product, which requires additional purification of the target
product.

At present, the synthesis of carboxylic acids and their derivatives using heterogencous catalysts -
ionites is the most promising method. In this regard, the synthesis of practically important aliphatic
hydrazides in the presence of heterogencous catalysts is an important task.

The purpose of this study is to investigate the hydrazinolysis of butyl ester in the presence of the
sulfonic acid cation exchanger KU-2-8 in the H-form.

Experimental part

Experiments are carried out in static conditions. In a three-neck round-bottom flask with a capacity of
250 ml, equipped with a reflux condenser, 1 g (0.011 mol) of butyric acid, 0.5 g (0.005 mol) of sulfuric
acid, 0.9 g (0.012 mol) of butyl alcohol are introduced. The reaction mixture is heated at 90 © C for 3
hours. Upon completion of the reaction, the mixture is cooled and neutralized with 50 ml of 5% sodium
hydrogen carbonate solution. The cther layer is separated and distilled. The butyric acid butyl ester
obtained, with a boiling point of 165-166 ° C, is used to further obtaining the corresponding hydrazide.

In a three-neck round-bottom flask with a capacity of 250 ml, equipped with a mechanical stirrer, a
thermometer and a reflux condenser, 1 g (0.007 mol) of butyl butyric ester, 0.6 g (0.012 mol) of hydrazine
hydrate, 0.67 g of cation exchanger KU-2-8 in H -form, 0.6 g (0.008 mol) of butyl alcohol are introduced.
The reaction mixture is heated on a water bath, stirring for 3 hours at a temperature of 80°C. After this
time, the mixture is cooled and the cation exchanger is filtered off from the liquid part, washed with 1 ml
of butyl alcohol. The alcohol is distilled off from the solution, the remaining solid residue is dried at 30°C.
The analysis of butyric acid hydrazide is carried out by the photocolorimetric method. The melting point
of hydrazide is 46-49°C. The IR spectra of the starting materials and reaction products are taken on
"Impact 410" spectrometer (USA).

Results and their discussion

Butyric acid butyl ester is synthesized by reacting butyric acid and butyl alcohol in the presence of
concentrated sulfuric acid.

CH;CH,CH,COOH+C;H,OH—CH;CH,CH,COOC,Hs+H,O
The optimal reaction conditions for the esterification of butyric acid are the mass ratio of butyric acid:
butyl alcohol: sulfuric acid 1: 0.9: 0.5, temperature of 90°C, 3 hours of reaction time. The vield of butyric
ester was 70% of the theoretical.

The IR spectrum, boiling point, and the refractive index of butyl acid butyl ester correspond to those
of a standard substance. The resulting ester was used to synthesize butyric acid hydrazide.

Butyric acid butyl ester hydrazinolysis was investigated in the presence of cation exchanger KU-2-8
in the H-form.

KU-2-8(H)
CH,CH,CH,COOC H;+ N,H, — CH;CHCH,CONHNH,+ C,H;OH

Under the conditions studied, the main product of the interaction of butyric acid butyl ester with
hydrazine hydrate is butyric acid hydrazide. The influence of various factors (the amount of hydrazine
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hydrate and cation exchanger, temperature and duration of the reaction) on the formation of hydrazide are
given in the table. During hydrazinolysis of butyl acid butyl ester, the optimum process conditions are the
mass ratio ester: hydrazine hydrate : butyl alcohol: cation exchanger = 1: 0.6: 0.6: 0.67, temperature of

80°C, 3 hours of reaction time, while the hydrazide yield amounted to 68%.

Table - Butyric acid butyl ester hydrazinolysis (ester mass is 1 g).

hydrazine hydrate, | cation exchanger, butyl alcohol, reaction temperature, the hydrazide
g g g time, hours $E yield, %
0,6 0,67 0,6 3 80 68
0,6 0,67 0,6 3 40 15
0.4 0,67 0,6 3 80 30
0,5 0,67 0,6 3 80 25
0.8 0,67 0,6 3 80 18
0,6 1,00 0,6 3 80 47
0,6 0,67 0,6 2 80 36
0,6 0,67 1,0 3 80 53

In the infrared spectrum of butyric hydrazide, absorption bands of valence vibrations are observed in
the region of 1689 cm ~' (C = 0), 2946— 2863 cm ~ ' (CH, CH,, CH3), 1470-1351 cm ' (C — C), 3440 cm’
' (NH) groups, as well as deformation vibrations in the region of 1559 cm™ (NH) groups (figure).
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Figure - IR spectrum of butyric acid hydrazide

The mechanism of hydrazinolysis of esters of aliphatic carboxylic acids is still not well understood.
According to [7], it can be assumed that hydrazinolysis of butyric acid butyl ester in the presence of an ion
exchange resin KU-2-8 (H) is carried out by heterogeneous catalysis and the active centers of the cation
exchanger are polymer-bound sulfogroup and hydrogen ions. During the adsorption of butyl ester of
butyric acid on sulfonic cation, an intermediate complex is formed, which then interacts with hydrazine to

form hydrazide and regenerate the active centers of the ion exchanger.
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Thus, we first studied the hydrazinolysis of aliphatic acid esters using the example of butyl acid butyl
ester in the presence of KU-2-8 (H) sulfonic cation exchanger, found the optimal process conditions and
made conclusions regarding the reaction mechanism.
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AJIN@®ATTEI KAPEOH KBIIIKGLLIIAPLIHEIH
KATAJINTTIK THAPASMHOJIN3 PEAKIIUSICEHIH 3EPTTEY

AnnoTtamust. by sxympicta amramr pet anmudaTTsl KapOOH KbIIIKBLTBIHBIH THAPAZHHOIN3 PEAKIUICH HOHHTTI
KaTamm3aTtop KATBHICBIHIA KapacTHIPBIIABL TokipmOenep CTAaTHKANBIK >Karaaiia >Kyprizingi. Mail KpIIKbLUIBIHAH
ATIBIMCH OFaH CoMKec OyTHIAl 3(HpP aNbIHABL apbl KApal OHBI THAPA3MHMEH SPEKETTECTIPTEHAC THAPA3U TY31Il.
Maif KbIIIKBIIBI THAPASHAIHIH TY3UIyiHE opTYpil (akTopnapAbH (THAPA3HMHTHAPATTHIH, KATAIM3ATOPABIH, OYyTHII
CHHPTIHIH MOIIIepi, TEMIIEPATYpa, PEaKis Y3aKThIFbI) acepi 3eprrenai. CHHTE3MiH OHTAIUIBI KaFAaiiIapblHAa Mak
KBIMIKBLUTBl THAPA3HAIHIH IIBFEIMEL 68 % 0ommbl. MK-CICKTPOCKOMHSIBIK 3CPTTCYICP HOTIKCCIHAC MAl KBIIIKBLTBI
OyTua 3(UPIHIH THAPAZHHOIN3 PEAKIMICH CYIb(OKATHOHHTTIH AKTHBTI OPTAIBIKTAPBIHBIH KATBICYBIMEH >KY3€TC
acaThlH MEXAHM3MI1 YCHIHBIIIBI. PeakMsHBIH KATHOHUT OCTIH/E aybICTIANEI KOMIICKCTEP/IH TY3LIyIMEH KYPETIHIIT
KepceTinai. By KYMBICTHIH MPAKTHKANBIK MAHBI3ABLIBIFEl MAl KBIIIKBUTBIHBIH THAPA3HIIH ANMYABIH THIMII 9ICiH
oHmacTeIpy OOBI TaOBIIAIBL.

Tyiiin ce3aep: Mal KbIIIKBLIBI, THAPA3HHONN3, THAPA3HH, THAPA3UA, KATAIH3aTop.
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HCCJEJTOBAHUE KATAJTUTUYECKON PEAKIIUA TAAPASHHOJIU3A
AJINPATHYECKHUX KAPBOHOBBIX KUCJIOT

AnnoTtamust. B 3Toif paboTe BIEpBBIE PACCMOTPEHA PEAKUUS THAPAHHOIM3A anu(aTHIeCKOH KapOOHOBOH
KHCJIOTHI B IPUCY TCTBHH HOHUTHOTO Karanu3aropa. ONbITH POBOJUIN B CTATHICCKUX YCIOBIIX. [IpeasapuTebHO
W3 MACISIHOM KHCJIOTHI OBUT MOJYyYeH COOTBETCTBYIOIMH €My OyTHIOBBIH 3()Hp, KOTOPHI MIPH B3aUMOJCHCTBHH C
THAPAa3HHOM oOpasoBan ruapasua. M3yueHo BIILAHHE Pa3sIM4HBIX (DAKTOPOB (KONMYECTBA THAPA3ZHHIUIpATA,
KaTaiu3aropa, OyTHIOBOIO CIMpPTA, TEMIEPATyphbl, MPOJOJDKUTCILHOCTH PEakUMH) HAa OOpa30BaHHE THAPA3HA
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MACISIHOHM KHCIOTHL. B ONTHMAaNbHBIX YCIOBHAX CHHTE3A BBIXOJ THAPA3UIA MACIIHOW KHCITOTHI coctaBmi 68 %. B
pesyabrare UK- CIEKTPOCKOMAMECKHX HCCIICAOBAHME MPEAIOKEH MEXAHH3M PSAKIHH THAPASHHOIN3A Oy THIOBOTO
3(mpa MaCITHOM KUCIOTHI C YUACTHEM AKTHBHBIX IICHTPOB Cyib(okarnonura. [Tokaszano, IT0 peakums MPOTEKACT C
06p330BaHI/IeM NCPEXOAHBIX KOMIIJICKCOB HA MOBEPXHOCTH KATHOHHUTA. HpaKTI/I‘{eCKa}I SHAYUMOCTh pa60T1>1 COCTOHUT
B pa3paboTke Hanbo1ee 3PPSKTHBHOTO CIOCO0A MMOTYUCHHS THAPA3HIA MACTITHOH KHCIIOTBL

Kirodepbie cji0Ba: MacIsIHAS KACIOTA, THAPA3HHON3, THAPA3HH, THAPA3H, KATATIH3aTOP.
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