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Semicarbazide (SC) is the starting material for the synthesis of such
medications as furacillin (also known as nitrofurazone or nitrofural), nitrofurantoin
(furadonin), furazolidone, phenytoin (diphenin, dilantin — a derivative of hydantoin),
a number of sulfanilamide derivatives and antidiabetic drugs. SC and its derivatives
serve as universal reagents for the synthesis of various acyclic and heterocyclic
nitrogen-containing compounds, such as semicarbazones, azapeptides, hydantoins,
pyrazoles, triazines, triazoles, oxadiazoles, pyrimidines and azamacrocycles. This is
why high-purity SC is required in pharmacy. In addition, in the pharmaceutical
chemistry SC is used as a qualitative reagent for the analysis of aldehydes and
ketones. It reacts with them to form semicarbazones - crystalline connections with
clear temperature melting that are convenient for identifying carbonyl connections.

One of the methods for producing SC, both in the laboratory and in industry, is
the reaction of urea with hydrazine hydrate (HH) at a temperature of 90-120 °C. We
have shown [1] that with a stoichiometric ratio of components and vigorous stirring at
the boiling point of the mixture (103-105 °C), the yield of SC does not exceed 60% of
the theoretical value. This is explained by the fact that some of the HH is removed
from the reaction zone along with ammonia. In addition, in the final stages of the
process, the system's density increases significantly because the SC crystals are
highly dispersed. Nevertheless, the synthesis efficiency can be increased to a product
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Cexyin 6. Dapmayesmuyna oceima.: icmopudHuLl 00Ceio0 ma aKmyaibHi npoo.aeMu Cyuachocmi

yield of 90-92% by increasing the excess urea to 3-3.5 times the stoichiometric
amount. This is technologically justified, since urea costs 15-20 times less than HH.

The synthesis of SC was carried out in a two-liter flask on an oil bath. The SC
was filtered under vacuum, washed with cold water, and dried at 80 °C. The major
drawbacks of this method are the high system resistance during stirring and the
difficulty of extracting the product from the flask without diluting it with water. Since
the solubility of SC in ice water is 4.5 g/100 ml, an additional 10-15% of the product
Is lost after purification. This method is suitable for a one-time process. If large
quantities of SC are required, an alternative is to ensure a continuous process. When
the synthesis is 20-25% complete and a precipitate forms in the flask that impedes
stirrer rotation, half of the contents should be poured off, cooled and filtered. Then
rinse with hot water. Mix the water after washing with the filtrate, add glycerol and
urea in a 1.5-fold excess of the stoichiometric ratio, and then return to the flask. Rinse
the SC a second time with cold water and dry. Although this method requires
additional time and energy to evaporate excess water, the continuous nature of the
process allows for the resolution of several process issues during the synthesis and
Increases product yield. The synthesis was carried out in a 5-L flask heated in an oil
bath at 120° °C. After processing 20 kg of SC and 42 kg of urea, the SC yield was
85% of the theoretical value. If this method is used for synthesis in a reactor,
efficiency can be increased by absorbing ammonia and hydrazine with nitric acid,
with subsequent utilization of the resulting products.

Both methods require additional purification of the urea from biuret , which
forms when urea is heated and precipitates. Its amount does not exceed 0.5-1 % and
Is usually not a hindrance to further processing of the urea. However, purification by
reprecipitating of the urea from hot water is insufficient to obtain a pure product. It is
necessary to dissolve the urea in hydrochloric acid, reprecipitate the hydrochloric
acid urea, then remove the hydrogen chloride with alkali and reprecipitate it again
from hot water. Since SC oxidizes during storage, its stable form in the form of
semicarbazide hydrochloride (SCH) is usually used as a starting component for
synthesis. Therefore, to obtain high-purity SC, it must be converted to SCH, purified
by crystallization, and isolated by the action of alkali.

Thus, the following conclusions can be drawn:

1. For a small amount of SC, its synthesis should be carried out with a
significant stoichiometric excess of urea, for production - in a ratio of 1:1.5 and to a
conversion degree of 20-25 % in a continuous process.

2. In both cases, partial contamination of the SC with biuret is observed, which
Is removed by converting the product into hydrochloric acid followed by
reprecipitation.
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IMEPCHUBHI TEXHOJIOTTI Y ®APMAIEBTUYHINA OCBITI TA
IHPAKTHII

Oniunuk C. B., 3yukina C. C.

HamionanpHuit hapmMarieBTUUHUN YHIBEPCUTET

Beryn. CyyacHuid etan po3BUTKY (DapMalleBTUYHOI rajgy3l XapakTepUu3yeThCs
AKTUBHUM BITPOBAKEHHAM ITU(DPOBUX TEXHOJOTIH, IO CYTTEBO 3MIHIOKOTH IMiJIXOU
10 mpodeciiHoi MIAroTOBKH (axiBIliB. 3POCTaHHS PO JOKA30BOI MEIAMIINHH,
MepcoHali3oBaHoi (apMakoTepamnii Ta MDKIUCIUIUTIHAPHOI B3a€EMOJIl 3yMOBIIIOE
HeoOX1HICTh (opMyBaHHS y MaWOyTHIX (QapMaleBTIB HE JIMIIE TIPYHTOBHUX
TEOPETUYHUX 3HAHb, ajleé W PO3BUHEHUX TNPAKTUYHMX, AHATITUYHUX 1
KOMYHIKaTUBHUX KOMIIETEHTHOCTEH. Y TakuX yMOBax TPAaJHUIIiiiHI OCBITHI MOJEN1
MIOCTYIIOBO BTPadarOTh €(PEKTUBHICTh, OCKUIHLKHA HE 3aBXKJIU 3a0€3MeUy0Th JOCTaTHIN
piBEHb 1HTErpallii Teopii 3 peaJbHUMHU MPOPEeCITHUMU CUTYALISIMU.

Oco0nmBOi  akTyanbHOCTI HaOyBae mpoOiieMa TOJOJIaHHS PO3PUBY MIXK
aKaJIeMIYHOIO TMIJITOTOBKOI0 Ta BHUMOTaMH Cy4YacHOi (hapMaieBTHYHOI MPaKTHUKH.
BunyckHukun mToBMHHI OyTH TOTOBUMHM JO pPOOOTH B yMOBaX BHCOKOI
BIIMOBIJAIBLHOCTI, IMBUAKOTO MPUHAHATTS PIIICHh Ta MOCTIMHOTO OHOBJICHHS 3HAHb.
Came TOMy OCBITHIH mpoliec MOTpeOye BIPOBAKEHHS THHOBAIIMHUX MIAXOMAIB, SKi
3/1aTHI MOJIEIIOBATH peajbHi MpoQeciiiHi cuTyalii Ta 3a0e3neuyBaTi aKTUBHY y4acTh
3100yBayiB BUIO1 OCBITU Y HABUAHHI.

Y 1bOMy KOHTEKCTI 3HAUHUU HAYKOBUU 1 MPAKTUYHUN 1HTEPEC CTAHOBIATH
IMEpPCUBHI TEXHOJIOTIi, fAKi OXOIUTIOITh BipTyanbHy (VR), momoBueny (AR) Ta
3minrany peaiabHicTh (MR). Jlani TeXHOJOTIi JO3BOJISIFOTH CTBOPIOBATH 1IHTEPAKTUBHE
OCBITHE cepeoBUIIE 3 €hEeKTOM 3aHypEHHS, Y IKOMY 3/100yBau OCBITH BUCTYIA€E HE
MMAaCHBHHUM CIIOCTEpIrayeM, a akTUBHMM YYaCHUKOM HABYAJIBHOTO IMPOIIECY. 3aBIAKH
IIbOMY MIABUILYETHCA PIBEHb 3aJIyYEHOCTI, KOHIEHTpalllii yBaru Ta TJIMOWMHU
3aCBOEHHS HABYAJIBHOT'O MaTepiay.

BaxxnuBo MiAKpECIUTH, M0 IMEPCHUBHI TEXHOJIOTII HE JHINE pPO3IIUPIOIOTH
MOKJIMBOCTI Bi3yalizallii CKIagHuX (hapMaleBTUUHUX MPOIECIB, aje W CIPUSIOTH
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