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Pedepar:

1. luceprauisg nprucBga4YeHa ONTUMi3alii IpOMUCIOBOI TEXHOJIOTII CUHTE3y CUMIIATOMIMETUYHUX aKTUBHUX
(dapmaneBTn4HUX iHrpesieHTiB (ADI) 3 BpaxyBaHHSIM NPUHLUIIB «3€J1€HOi XiMii». [JoTpMMaHHS LUX MPUHLUIIIB
IO3BOJIMJIO 3HAYHO 3HU3UTH IIOTEHIiIIHO HEeraTUBHUI BIIJIMB TOKCUYHUX BifnxoziB cuHTe3y AQI Ha HaBKOJIMIIIHE
cepenloBHUlIe Ta CTaH i 3M0poB’s toarHy. ONTHUMI3allisl 1oJIsArana y BBeJIeHH] B CXeMy CUHTe3y pO3YMHHUKA - 1,2,4-
TPUXJIOPOEH30J1y 17151 MiHiMi3allil yTBOPEHHS BilXOMiB Ta MOJIMIIEHHS SIKOCTI i KiHIJEBOrO BUXOAY CyOCTaHLii y
NOPiBHSIHHI 3 TPAIULIITHOIO TEXHOJIOTi€I0 BUPOOHMIITBA. 3TiHO 3 TPAANLIIHOIO TEXHOJIOTIEI0 CUHTE3y Ha Meplii
cTagii KoHJeHcallii BioyBaiocs: yTBOPEHHS BEJIMKOI KiJIbKOCTi CMOJI B Pe3yJIbTaTi peakliii 3 XJI0pUCTOBOAHEBOIO
KUCJIOTOIO 33 BUCOKMX TeMIIEpATyp. byJsio BUIANEeHO 3i CXeMU CUHTE3Y XJIOPUCTOBOLHEBY KMCJIOTY i BBEIEHO
eTUJIeH/IiaMiH TipoxJIopul, 1151 yHUKHEHHS! BUKOPMCTaHHS IPpeKypcopiB mif yac BupooHunTsi AQL JIns

ozep>kaHHs Hadas3oJliHy OCHOBM 3aMicTh 40% pO34YMHY TiAPOKCUAY HATPil0 BUKOPUCTAHO €TaHOJIaMiH, 1110



30inpmnII0 BUXin Hada3oMiHy HITpaTy TEXHIYHOTO, a B TOJAJIBIIOMY i (papMaKoIeNHOro Yepes BiflCyTHICTh BOMIY, 5IKa
[IPU3BOMJIA IO BUMATiHHS OCHOBU HadasoJliny. 1715 ofepskaHHs gpapMmakoreiiHoro HadazosiHy rinpoxiopuny 6yyo
nifibpaHo po3YMHHUK [J1s1 KpUCTasli3alii mpuBiHy, a came 0ys10 06paHO BOZY Y CHiBBiHOIIEHHI TPOAYKT — Boja 1:2.
Lle 103BONINIIO OAEP>KATY HAJIEKHUI BUXif] IPOAYKTY Ta OYMCTUTHUCH Bill JOMIILIOK, SIKi € 10Ope PO3YMHHUMH Y BOJ|.
Jns 1,2,4-Tpuxsop6eH301y pO3p06JIEHO Ta BIPOBAIKEHO Y BUPOOHULTBO METOJMKY IPOBEJEHHs pereHepalii. [Tifg
yac NpoBeleHHs pereHepaliii 6ys10 3MeHIIeHO KiIbKiCTb BiZIx0A1iB Ha 1 KT TPOAYKTY, @ CaMe OTPUMAHO 5 KT
pereHepoBaHOro po3uMHHUKA. Hazjasi pereHepoBaHUI pO3uMHHUK BUKOPUCTOBYIOTb 111 ofiepKaHHs AQI. Byso
IOCJIiIKE€HO BIUIMB PEr€HEePOBAHOr0 PO3YMHHMKA Ha SIKiCTh Ha(a30JliHy HITpaTy, H1Or0 KPUCTANIYHY CTPYKTYPY Ta
npodinb ToMimoK. BUKOprCTaHHS pereHepoBaHOro PO3YMHHMKA HEMA€E HETaTHBHOTO BIUIMBY Ha SIKICTh LiJIbOBOi
A®I. Byso po3po6sieHO Ta BajliloOBAHO METOJMKY BU3HAYEHHS 3a/IMIIKOBUX KiJIbBKOCTEN OpraHiyHUX PO3YMHHUKIB
(1,2,4-TXB, eTaHONaMiHY Ta 2-IIpONaHOJIy) B Hadpa3osiHi HiTpaTi. Byso cpopMoOBaHO ¢iHANIBHY CXEMY OflepKaHHS
AQI, po3paxoBaHO HEOOXi/Hi KiJIbKOCTI CHPOBAHHU Ta MaTepialiB CUHTE3y Ta ONKUCAHO KiHLeBY BUPOOHUYY
peLenTypy IJis oTpuMaHHs HadazosiHy HiTpaTy. [JoBeZieHo, 110 ONTHMi30BaHa TeXHOJIOTie 3ab6e3redye 6i1bmnii
BUXiJ, Hada30JliHy HiTpaTy, HOro YMCTOTY Ta HIDKYMN BMICT JoMimOK. KisbKiCTb BifIX0O/iB 3BMEHIINJIACH Y IOPiBHSHHI
3 TPAAULiIHOI TEXHOJIOTIEI0, O MiATBePAXYEThCS 3HIKEHHIM E-(akropy y 7 pasis. 3 orjsiny Ha BHECEHHS 3MiH B
TPaOULiNHY TEXHOJIOTiI0 CUHTE3Y, 6YJI0 TPOBEIEHO Balifallilo TEXHOJIOTIYHOTO MIPOIiecy IJIsl 060X cosei
Hadazosiny, B X0[li sIKOi IPOBOAUBCS. KOHTPOJIb KpUTUYHUX [10KA3HHUKIB SIKOCTi IPOMIKHUX MPOAYKTiB. OneprKaHi
Pe3yJbTaTU MigTBEPIPKYIOTh IPUIHATHICTb 3alIPONIOHOBAHOI TEXHOJIOTI] cuHTe3y. [IpoaHanisyBaBIId PUHOK
IpenapariB 3 KCUJIOMETa30iHOM aKTyaJIbHUM € OJ€P>KaHHS OCHOBU KCUJIOMETA30JIiHy, SIKa € PO3YMHHOIO B
edipHuX OJ1isiX Ta puUaTHa 4J1s1 po3po0OKU Npernaparis Ha ix 0CHOBI. Bysi0 po3po6s1eHO MeTOAUKY Oflep>KaHHS
OCHOBU KCUJIOMETA30JIiHY 3a JOIIOMOIOI0 PEeaKLii KCUIIOMETA30JIiHY TigpOXI0pULy 3 2% PO3YMHOM TiIPOKCULY
HaTpito. Bysio nifgi6paHo ontumasnbHe CHiBBiAHOMEHHS: Ha 4,6 MOJIb BUXiJHOI p€4OBMHU 6€PYThb 4,5 MOJIb
rigpoxkcuny HaTpito. CYIIKy [1aCTH MiCJisl IPOMUBKY BOZ0I0 ITPOBOISTD ITPOTSTOM 7-8 rofiuiH pu temnepatypi 25-30
°C p71s1 3a1106iraHHs1 yTBOPEHHS TPOAYKTIB Jerpajatlii. Buxiz KcuaomeTas3osiHny OCHOBU CTaHOBUTD 6J1M3bKO 89%.
JloBeIEHO CTPYKTYPY OJEP>KaHOI OCHOBU KCHJIOMETA30J1iHY 3a gornomoroto merogis 1H ta 13C SAMP-cniekTpockortii,
Mac-CIeKTPOMETPii Ta eJIeMEHTHOrO aHaslizy. Po3po6iieHi MeTo1 KOHTPOJIIO SIKOCTi OJlep>KaHOi OCHOBU
KcusoMeTasosiny. OCKibKy KCUIOMETa30J1iH He ONMCcaHuii B €BporieiichKiil MoHorpadii, To 1J1s1 po3pooKu
METOJIMK 32 OCHOBY O6pazyu MoHorpadir Ha KCUI0MeTa3oJliH rinpoxyopu — Ph. Eur. 01/2008:1162 «Xylometazoline
hydrochloride». [lns ocHOBU KCUJIOMETa30iHy 0yJI0 JOAaHO HOBI TOKa3HUKY TaKi, SIK «XJIOPULU» i «TemMIepaTypa
TMJIaBJIeHHsI». [[7151 iHMKUX MOKa3HUKIB SIKOCTI MiliopaHO HasleXHi po34MHHUKY. [IpoBe/IeHO Batiiaiito METOAUK
KOHTPOJIIO IKOCTi OJIep>KaHOI OCHOBU KCHUJIOMETA30JIiHY 3a [TIOKa3HUKAMU SKOCTi «CYIPOBIiJIHI JOMIIIKU» Ta
«KiJIbKiCHE BU3HaY€HHs». [0 pe3ysbTaTaM po3po06seHO BHYTPIlIHIO crienudikalito. JJoBeneHo, o po3pobieHa
TEXHOJIOTis 3a6e3redye Hale>KHY SKiCTh CyOCTaHIIil BiilIOBiIHO 1O BUMOT BHYTPiIHbOi crienudikauii. [JoBeneHo

crabinpHicTe ADI npoTsirom 1 poky Ta poBEEHO eKCTPAIIoJIsALi0 Ha TEPMiH IPUIATHOCTI 2 POKMU.

2. The dissertation is devoted to the optimization of industrial technology for the synthesis of sympathomimetic
active pharmaceutical ingredients (API), taking into account the principles of "green chemistry". Adherence to
these principles allows you to avoid the negative impact of toxic waste from pharmaceutical industries on the
environment and human health and condition. The optimization consisted in the introduction of the solvent -
1,2,4-trichlorobenzene into the synthesis scheme to minimize the generation of waste and improve the quality and
final yield of the substance in comparison with the traditional production technology. According to the traditional
synthesis technology, at the first stage of condensation, a large amount of resins were formed as a result of the
reaction with hydrochloric acid at high temperatures. Hydrochloric acid was removed from the synthesis scheme
and ethylenediamine hydrochloride was introduced to avoid the use of precursors during API production. To
obtain naphazoline base instead of 40% sodium hydroxide solution, ethanolamine was used, which increased the
yield of technical naphazoline nitrate, and subsequently pharmacopoeial naphazoline nitrate due to the lack of
water, which led to the precipitation of naphazoline base. To obtain pharmacopoeial naphazoline hydrochloride, a
solvent for crystallization of privin was selected, namely water in a product-water ratio of 1:2. This made it possible
to obtain a proper yield of the product and clean it of impurities that are well soluble in water. For 1,2,4~



trichlorobenzene, a regeneration technique has been developed and introduced into production. During
regeneration, the amount of waste per 1kg of product was reduced, namely 5 kg of regenerated solvent was
obtained. In the future, the regenerated solvent is used to obtain API. The influence of the regenerated solvent on
the quality of naphazoline nitrate, its crystal structure and impurity profile was investigated. The use of a
regenerated solvent has no negative effect on the quality of the target API. A method for determining residual
solvents (1,2,4-TCB, ethanolamine and 2-propanol) in naphazoline nitrate was developed and validated. The final
scheme for obtaining API was formed, the necessary quantities of raw materials and synthesis materials were
calculated, and the final production recipe for obtaining naphazoline nitrate was described. It has been proven that
the optimized technology provides a higher yield of naphazoline nitrate, its purity and a lower content of
impurities. The amount of waste has decreased compared to traditional technology, which is confirmed by a 7-fold
decrease in the E-factor. Considering the introduction of changes in the traditional synthesis technology, the
validation of the technological process was carried out for both naphazoline salts, during which the control of
critical indicators of the quality of intermediate products was carried out. The obtained results confirm the
acceptability of the proposed synthesis technology. Having analyzed the market of preparations with
xylometazoline, it is important to obtain the basis of xylometazoline, which is soluble in essential oils and is
suitable for the development of preparations based on them. A method of obtaining xylometazoline base by
reacting xylometazoline hydrochloride with a 2% sodium hydroxide solution was developed. The optimal ratio was
chosen: 4.5 mol of sodium hydroxide is taken for 4.6 mol of the starting substance. After washing with water, the
paste is dried for 7-8 hours at a temperature 25-30 °C to prevent the formation of degradation products. The yield
of xylometazoline base is about 89%. The structure of the obtained xylometazoline base was proved using the
methods of 1H and 13C NMR spectroscopy, mass- spectrometry, and elemental analysis. Developed methods of
quality control of the obtained xylometazoline base. Since xylometazoline is not described in the European
monograph, for the development of methods based on the monograph on xylometazoline hydrochloride - Ph. Eur.
01,/2008:1162 "Xylometazoline hydrochloride". For the xylometazoline base, new indicators such as "chlorides" and
"melting point" were added. Appropriate solvents are selected for other quality indicators. The validation of the
quality control methods of the obtained xylometazoline base was carried out according to the quality indicators
"related substances" and "assay". Based on the results, an internal specification was developed. It has been proven
that the developed technology ensures the proper quality of the substance in accordance with the requirements of
the internal specification. The stability of API for 1 year was proven and extrapolation was carried out for a shelf-
life of 2 years.
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