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BU3HAYEHHS KOHCTAHTH IOHI3AIII A®I ®ABIIIIPABIPY

3a JaHUMH KUCJIOTHO-OCHOBHOTO TUTPYBaHHs Oyila BU3Ha4eHa KOHCTaHTa ioHi3amii ADI ¢asi-
nipasipy: pK, = 5.05 + 0.02. Ha mizncraBi 3naiinenoro snadenns pK Oyan po3paxoBaHi CTyneHi
YTBOPEHHS MIPOTOJITIYHUX (opM B 3anexHOCTI Big pH po3zunny. Beranosieno, mo API dasi-
nipasipy B pO3YMHax iCHy€ B IBOX IIPOTOHOBAaHMX (HE10HI30BaHMX ), TayToMepHux hopmax A H
Ta A H i onmili nempotonoBanii (ionizoBanii) Gopmi A

Ha erani ¢apmanieBTiHyHO1T po3po0KH 1l JaHi MO KUCIOTHO-OCHOBHUM BiacTUBOCTIM ADI da-
BillipaBipy MOXYTb OyTH BHKOPHCTaHI IIPU pO3pOOII TEXHOIOTi] BUPOOHHUIITBA, CTBOPECHHS Me-
TOIMK KOHTPOJIIO AKOCTI Ta IX BaJlialii, a TAKO)K P BUBUEHHI po3unHHOCTI ADI Ta mpodinis
PO3YMHEHHS TOTOBOTO JIIKAPCHKOTO 3aC00y.

Kurouosi ciioBa: ¢dasimipasip, NOTEHLIIOMETpHUYHE TUTPYBAaHHS, KOHCTAHTa 10Hi3awii, TPOTOIi-
TU4HA (yHKLIS YTBOPEHHS

O/HUM 13 acIeKTiB BUBYCHHS (DI3MKO-XIMIYHUX BIIACTHBOCTEH CITOJYK € BCTaHOB-
JICHHS TXHIX KOHCTaHT i0Hi3allii. L{i moka3HWKH € BKpail BaXKIIMBUMH SIK 3 TCOPCTUIHOTO,
TaK 1 3 IPAKTUYHOTO TOTISITY. A 3 610J0T1YHOT TOYKH 30py 3HAYCHHS KOHCTAHT 10H13aIlii
CIIOJIYK JIOTIOMOXE BIPHO 30pPIE€HTYBATUCH B SIKOMY CaMe BiJUIUII IUTYHKOBO-KHIIIKOBOTO
TPaKTy BiAOyIeThCsI BCMOKTYBAHHSI Ti€l UM 1HIIOT pEYOBUHH, SKIIO MOBA HJIE PO MEpo-
paJIbHE 3aCTOCYBaHHS MOTCHIIHHUX JIKIB [1].

Busnadenns pK, AK OpaBUIIO, 3aBIaHHs KIACHIHHUX (i3UKO-XIMIYHUX METO/IIB, Ta-
KHX 5K CIIEKTPO(HOTOMETPisl, KOHIYKTOMETPisl, IOTCHIIIOMETpis, 1X Momudikarii [2, 3].
AKTyaJIbHUM € TOIIIYK HOBUX CIOCOOIB BUBUCHHS PIBHOBAr B po34uMHaX. ABTOpamH [4]
MOKa3aHa MMePCIEeKTUBHICTh KOMbOPOMETPIl P BUBYEHHI KHCIOTHO-OCHOBHUX BIACTH-
BOCTEH 1 BCTAaHOBIIEHHS BiANOBITHUX BeMM4MH PK, OapBHUKIB.

3 2019 poky momupuscst Houid Bipyc SARS-CoV-2. 3’sBUBCS 3HAYHUIA 1HTEpeC
JUTSI BAKOPUCTAHHSI IPOTUBIpycHUX areHTiB mpoti COVID-19 [5]. dagimipasip (PAB) —
nepopaIbHUK POTHBIPYCHUH Mperapar, CXBaJICHUH JUIsl JIIKyBaHHS TpUITY B SINOHII.
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Busnauenns koncmanmu ionizayii A®@I ¢asinipisipy

Meroto 11i€i poOOoTH OyI0 MPOBECTH TEOPETUUHUI aHAI3 TIPOTOMITHYHUX PIBHOBAT
A®I dasinipaipy Ta MOTCHIIOMETPHYHE TUTPYBAHHSI HOTO BOJHOTO PO3YHHY, 32 JIaHH-
MH THTPYBaHHsI pO3paxyBaTH MPOTOJITHYHY (DYHKIIIFO YTBOPSHHS B KOxKHiH Touti pH Ta
BH3HAYHUTH KOHCTAHTY ioHi3amii ADI ¢asimipasipy.

MATEPIAJIM TA METOIHU

B po6oTi BUKOPHCTOBYBaIN peakTUBH KBasidikamii He Hk4e 4.1.a. s mpurorty-
BaHHS PO3YHHIB 3aCTOCOBYBAJIHN AUCTHIBOBAHY BOAY. JlOCTIIKEHHS IPOBOIUIIN Ha 3pa3-
kax cyocranmii PAB cepis WD-A002-200402 (Cangzhou Wisdom Pharma Co., Ltd,
Kwuraif). Busnauenns Oynmo BHKOHAHO BiANOBiTHO 10 BuMor JlepskaBHOI (apmakomnei
VYkpainu (DY) [6].

Y po6oTi BUKOpUCTOBYBaIH Baru jaboparopHi exekrporni AUX220 (SHIMADZU,
SAnownis) 1 marnitHy Mimanky ARE (VELP Scientifica, ITamis).

[ToreHnioMmeTpUYHE TUTPYBAHHS MPOBOMIIOCS HA aBTOMAaTUYHOMY TUTpaTopi T50
M Terminal «Mettler Toledo» (LLIBetiniapist) 3a JOMOMOTOO CKJISTHOTO pH KOHTaKTHOTO
enextpony DG 1 111-SC.

EnekTpoHHI  cIeKTpW  TIOTJIMHAHHS ~ PEECTPYBalM Ha  CIEKTPo(dOoTOMEeTpi
UV-2401 PC Shimadzu (SlmoHis).

0.15 M pozuun Hampito xa0pudy: 4.39 T HaTPirO XJIOPUTY POSUUHSIIN B BOJII JICIOHI-
30BaHiii, 0€3 MIOKCHy BYIJICIIO, Ta TOBOAUIN 00’ €M po3uuHy a0 500.0 Mt

0.004 M posuum Kucromu X10pucmogoOHesoi: y MIpHY KOJIOy MiCTKICTIO
50.0 mur momintanu 2.0 mur 0.1 M po34rHy KUCIOTH XJIOPUCTOBOIHEBOI, JOBOIWIN JIO
no3Hadku 0.15 M po34rHOM HATPIIO XJIOPHILY.

0.1 M po3zuun nampiro ciopoxcudy: y MipHy KoiOy mictkicTio 50.0 mut momimanu 5.0
M1 1 M po3unHy HaTpito TipOKCHITY, TOBOAMIH 10 To3HadkH (.15 M po34rHOM HaTpito
XIJIOPHITY.

Bemanosnennus mumpy 0.1 M posuuny nampito 2iopoxcudy: 5.0 MII IPUTOTOBAHOTO
PO3YHMHY HATPilO TIAPOKCHAY TUTPyBaiaH pozarHoM 0.1 M KHCIIOTH XJIOpHUCTOBOTHEBOI,
BHKOPHUCTOBYIOUH y SKOCTI IHAMKATOPY METHIOPAHK.

Pobouuii pozuun: wapaxky A®I dasimipasipy 25.0 Mr moMinanu y XiMidHHUA cTa-
kaH, nomaBaym 25.0 mut 0.15 M po3unHy HaATpir0 XJIOPHLY, IEPEMINTyBaIH HA MATHITHIN
MIIIAJII IO [TOBHOTO PO3YWHEHHS.

PE3VJIBTATH TA iX OGTOBOPEHHS

TurpyBanu pobounit po3uns 0.1 M po3YHHOM HATPItO TIIPOKCHIY 3 BUKOPHCTAH-
HSIM CKJISTHOTO €JICKTPOY.

Ha puc. 1 HaBesieHa KprBa TUTPYBaHHS poO0OUOro po3unHy (haBimipasipy.

HasBHICTH TiIPOKCH TPYIU B TPETHOMY TTOJIOKEHHI MIPa3HHOBOTO ITUKIIY B MOJIe-
KyJi 0OyMOBITIOE 3/IaTHICTh (haBilipaBipy MPOSBISATH KHCIOTHO-OCHOBHI BJIIACTHBOCTI.
Kpim mporo, MoximBe iCHYBaHHSI JBOX TayToMepHUX ¢opM ¢asimipasipy. Ha puc. 2
HaBeJ/IeHA CXeMa MPOTOJMITHYHHUX Ta TAYTOMEPHUX PIBHOBXKHUX MEPETBOPEHB (haBimipa-
Bipy. TakumM unHOM, (aBimipaBip B po3urHAaX iICHY€E B JIBOX IPOTOHOBAaHHUX (HE10HI30Ba-
HuX), TayTomepHux opmax A H ta A H i onniii nenporonosanii (ionisosanii) Gpopmi
A Ile miATBEpAKYETHCS XapaKTEPOM €ICKTPOHHUX CHEKTPiB MOTIMHAHHS BOIHHUX PO3-
YMHIB (aBimipasipy.
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Fig. 1. Titration curve of favipiravir working solution
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Fig. 2. Scheme of protolytic and tautomeric equilibrium transformations of favipiravir

B cnekrtpi ¢dagimipaBipy B 0.1 M po34rHi XJIOPHCTOBOIHEBOI KUCIOTU MPHUCYTHI
JIBI CMYTH 32 JIOBKWH XBHJIb 322 HM Ta 365 HM, SKi BilIOBIIalOTh JBOM TayTOMEPHHM
¢popmam A H ta A H. B cnekrpi q)aBi'r[ipaBipy B0.1 M p03"II/IHi Hanin Fi.Z[pOKCI./IZ[y npu-
CYTHSI OJJHAa CMyTa 32 JIOBXHHHU XBWIII 364 HM, siKa BiIIOBiAa€ ONHIM i10HI30BaHIN (opMi
A" (puc. 3).
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Fig. 3. Ultraviolet absorption spectra of favipiravir solution in 0.1 M hydrochloric acid solution (a)
and in 0.1 M sodium hydroxide solution (b)

Po3paxyHOK KOHCTaHT 10Hi3allii 3a JaHUMH KHCJIOTHO-OCHOBHOT'O TUTPYBaHHS MPO-
BOJZMTHCS 32 OTIOMOTOI0 (DYHKIIT yTBOpeHHs (pyHKuii b’ epyma). DyHKIIsT yTBOpEHHS,
sIKa XapaKTEPU3YETHCS SIK CEPEHE YMCIIO 3B’S3aHUX MPOTOHIB, BU3HAYA€THCA HACTYII-

HUM BupaszoMm [7-9]:

- LA EEEETN i 3 N SR _ g1y
E o R o oy ?
ne C,—3aranbpHa KOHIEHTPALlis IPOTOHIB, SIKi IUCOLIIOKOTH;

C,— 3arajibHa KOHLEHTPAIlisl PEYOBUHH;
J,,— KOHLIEHTpAIlis HE3B’A3aHUX MPOTOHIB y PO34MHI 32 BUPAXyBAHHIM KOHIIEHTpa-

i1 TPOTOHIB, IO YTBOPIOIOTHCS TPH 10HI3aIii MPOTOHHOTO PO3YMHHUKA (JJI1 BOJHHUX
K
. _ -y + r . o
po3unHiB fy =[H*]-[0F 1=[H ]_[H']’ ne K, — iOHHMH 100yTOK BOIH).
Po3smisitHeMo mportoniTHyHI piBHOBaru (Qaimipasipy (011 3pyuHoCcmi no0aibulo2o
BUKIIAOY 3aPAO0U YACTNUHOK ONYCKAIOMbCA) Y PO3UUHI MPH MOCTIHHIN 10HHIN CHUTL:
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w = awm s

ALH —=  A+H K, = [[ﬂ )

. _l4H]
R Al

Buznauumm CUCTEMY, MOXXHA HalTuCaTnu piBHfIHHH MaTCpiaJ'H)HOFO 6anchy JJId 3a-
rajJJbHUX KOHIIeHTpaL[iﬁ YaCTHHOK:

C,=[A]+[4H]+[4,H ], A3)

Cy—Jfu =[A1H]+[A2H]’ 4)

[Mincrapnstoun piBHsHHSA (3) Ta (4) B piBHsSHHSA (1), OTpUMaEMO

[4.H]+[4,H]

Tl [ (] v
3 cucTeMu piBHSIHB (2) BUILTUBAE:
KlzKT'K2,[AlH]+[AQH]:[AlH]'(I"'KT)_ (6)
[To3znaunmo 1 = 1 + 1 (7)
Kl KZ

[TincranoBKoO piBHAHB (6) B piBHAHHSA (5) Ta 3 OIISAAY Ha cucTeMy (2), OTPUMAEMO:

1
E B [Hr ] 10—

Ay = = - (®)
o +%[ﬂ-] 1+ 10—

3 piBHSAHHA (8) MOXHA BU3HAYUTH 3Ha4eHHS pK , AKIIO BiOMO 3HAYeHHs (yHKIii
YTBOPEHHS B KOXKHIH TouIi pH:

K= ’5[1_3—_}' pH . 9)
-

q)yHKIli}O YTBOPCHHSA JJI KOXKHOT'O 3HAYCHHS pH bOSanOByBaJ’[H 3a JaHUMU IIOTCH-
HiOMeTpI/I‘IHOFO TUTPYBAaHHA 3a (bOpMyJ'IOIO'

n @_(V-"v) &_L,CM;OH

n, =1+ 1
T, Ty e, G 1o

b
ae (., KOHUCHTPALis XJIOPHCTOBOXHEBOI KHCIOTH B POOOYOMY PO3UHHI;
NaOH — KOHIICHTPALisl THTPAHTY;
RV .
V', — Buxinnuit 06’em po3uuHy, 10 TUTPYIOTh;
V — 00’€M TUTpPAHTY.
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PO3PAXYHOK ®YHKIIIi YTBOPEHHS TA KOHCTAHTH IOHI3AIIII

BukopucToBytoun Bupas (10) Ha migcTaBi JAHUX MOTEHIIOMETPUIHOTO TUTPYBAHHS
Oys po3paxoBaHi 3HaYeHHsI (DYHKIIT yTBOPEHHS B KOXKHIU Toutli pH (Tadmn. 1, puc. 4).

KoHcranTy ioHi3a1ii po3paxoByBaiu 3a Gpopmysioro (9). Po3paxyHOK KOHCTaHTH Ha-
BezieHO B Ta0u. 1. Po3paxoBaHa TakuM 4nHOM KOHCTaHTa ioHi3arii ADI dasimipasipy y

BosHOMY po3uuHi mpu 22 °C: pK = 5.05 £ 0.02.

DYHKIA YTBOPEHHS
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Puc. 4. 3anesxcnicmo ¢hynxyii ymeopenns 6io pH pozuuny ADI ¢ghasinipasipy

Fig. 4. Dependence of the formation function on the pH of the favipiravir API solution

Po3paxyHok koHcTaHTH ioHi3auii ¢asinipasipy

Tabmus 1

(¢oHoBwii esexTposut 0.15 M po3unH HaTpilo xj0puay, Temneparypa 22 °C)

Calculation of the ionization constant of favipiravir

Table 1

(background electrolyte 0.15 M sodium chloride solution, temperature 22 °C)

pH ny, Pl=k[l—f'i:]+pﬂ PK, cepenne p= 95i°/?,’n -1
4.26 0.8473 5.004
4.45 0.7874 5.019
4.61 0.7262 5.034
4.74 0.6641 5.036
4.86 0.6018 5.039
4.98 0.5393 5.048 5.05 0.02
5.10 0.4766 5.059
5.21 0.4139 5.059
5.33 0.3510 5.063
5.47 0.2882 5.077
5.62 0.2253 5.084
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AHAJII3 TPOTOJITUYHHUX ®OPM PABIIIIPABIPY

A®I DagimipaBipy B po3uHHAX iCHY€ B TBOX MPOTOHOBAHMX (HECI0HI30BaHMUX ), TAYTO-
mephux popmax A H ta A H i onniii nenpororosanii (ioHizoBanii) popmi A™ (puc. 5).

o
B F
[ [
. o
H
AH AH A
aa

Puc. 5. [Ipomonimuuni ma maymomepni popmu ADI ¢asinipasipy y 600Hux posuurax

Fig. 5. Protolytic and tautomeric forms of API favipiravir in aqueous solutions

Ha mincrasi 3HANJICHOTO 3HAYCHHS pK, @aglnlpaBlpy Oynu po3paxoBaHi CTyIEHI
YTBOPEHHS MPOTONITIYHNX (POPM B 3aJICKHOCTI Bil pH pO3UHHY:

[4H]_[4H]+[4H]_ 107>

C C 1+107%#F*

4 “ * (11)
[£]__ 1
C, L+l

Ha pucynky 6 mpeacTaBiieHI po3paxoBaHi 3al€XHOCTI CTYIEHIB yTBOPEHHS MPO-
tomitTuuHuX Gopm ADI DasinipaBipy Bij 3HaueHb pH cepegoBuina. Ha migcrasi mpo-
BE/ICHUX PO3PaxyHKiB MOXHA 3pOOUTH HACTYITHI BUCHOBKH:
*  mpu 3Ha4deHHi pH po3unny Big 0 o 3.5 npubnuzxo 100% peuosunu Oyae 3Ha-
XOIIUTBCS B JIBOX MPOTOHOBAHUX (HEIOHI30BaHMX ), TayTOMEPHUX popmax A H
Ta A,H;

* mpu 3HaueHHi pH = 5 npubnuzHo 50% pedyoBUHU Oyne 3HAXOAUTHCA B JIBOX
NPOTOHOBAHUX (HEIOHI30BaHUX ), TayToMepHux popmax A H ta A H;

*  @pu 3Hau4eHHi pH> 6.5 npubnusHo 100% pedoBuHM Oyne 3HAXOTUTHCS B OJHIH
JIePOTOHOBaHIi (i0Hi30BaHii) hopmi A~

3HAUCHHS CTYIEHIB YTBOPEHHS MPOTOMITIYHUX GopM (B %) g Touok pH 1.2, 4.5
Ta 6.8 HaBeseHi B TA0I. 2:

Tabmuns 2

3HauyeHHS CTyNICHIB YTBOPEHHS NPOTOIiTiYHUX (hopm ADI dpasinipaBipy
Table 2
The value of degrees of formation of protolytic forms of API favipiravir
17 Cryninb yTBOpeHHs npoToaiTiunux gopm, %

P A AH=A H+AH
1.2 0 100
4.5 22 78
6.8 98 2
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Fig. 6. Dependence of degrees of formation of protolytic forms of API favipiravir
on pH values of the medium

BUCHOBKH

3a JTaHUMH KHCIIOTHO-OCHOBHOTO THTPYBaHHs Oyiia BU3HAY€HA KOHCTAaHTa i0Hi3awil
A®DI dasimipasipy npu 22 °C (dhonosuit enekTpoiit — 0.15 M po34uH HATPIKO XJIOPH-
ny): pK, = 5.05 +0.02. Ha mincrasi 3naiinenoro snadenns pK A®I dasinipasipy Oymnn
PO3paxoBaHi CTyIEHI YTBOPSHHS MPOTOMITIYHUX (HOpM B 3aJICXKHOCTI BiT pH po3duHY.
Bceranosneno, mo A®I ¢dagimipaBipy B po3dunHaxX iCHY€ B JIBOX IMPOTOHOBAHHX (HEIO-
Hi30BaHuX), TayroMepHux Gopmax A H ta A H i omniii nenporonoBaniii (ioni3oBaHii)
hopmi A",

JlaHl MO KHCIIOTHO-OCHOBHMM BiactUBOCTIM A®DI (aBimipaBipy MOXyTh OyTH
BHKOPHUCTAHI MPH PO3pOOII TEXHOJIOTIi BUPOOHUIITBA, CTBOPCHHS METOIHMK KOHTPOIIIO
SIKOCTI Ta 1X BaJTijaii, a TakoX MpH BUBUEHHI po3uruHHOCTI ADI Ta ipodisiB po3yrHEeH-
HsI TOTOBOTO JIIKAPCHKOTO 3ac00y.
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DETERMINATION OF THE IONIZATION CONSTANT
OF FAVIPIRAVIR API

One of the aspects of studying the physical and chemical properties of compounds is the es-
tablishment of their ionization constants. These indicators are extremely important from both a
theoretical and a practical point of view.

Theoretical analysis of proteolytic equilibria and potentiometric titration of an aqueous solution
of an oral antiviral drug approved for the treatment of influenza in Japan, AFI favipiravir, were
carried out in the paper.

The presence of a hydroxy group in the third position of the pyrazine cycle in the molecule deter-
mines the ability of favipiravir to exhibit acid-base properties. According to acid-base titration,
the ionization constant of Favipiravir API was determined: pK, = 5.05 & 0.02. On the basis of
the found pK value, the degree of formation of protolytic forms was calculated depending on the
pH of the solution. It was established that favipiravir API in solutions exists in two protonated
(non-ionized), tautomeric forms A H and A ,H and one deprotonated (ionized) form A~.

Based on the calculations, the following conclusions can be drawn:

- at a pH value of the solution from 0 to 3.5, approximately 100% of the substance will be in two
protonated (non-ionized), tautomeric forms A H and A H;

- at pH = 5, approximately 50% of the substance will be in two protonated (non-ionized),
tautomeric forms, A H and A H;

- ata pH value > 6.5, approximately 100% of the substance will be in one deprotonated (ionized)
form of A~.

This is confirmed by the nature of the electronic absorption spectra of aqueous solutions of
favipiravir. In the spectrum of favipiravir in a 0.1 M hydrochloric acid solution, there are two
bands at the wavelengths of 322 nm and 365 nm, which correspond to the two tautomeric forms
A H and A H. In the spectrum of favipiravir in 0.1 M sodium hydroxide solution, there is one
band at a wavelength of 364 nm, which corresponds to one ionized form of A~.

At the stage of pharmaceutical development, these data on the acid-base properties of the
Favipiravir API can be used in the development of production technology, the creation of
quality control methods and their validation, as well as in the study of the solubility of the API
and the dissolution profiles of the finished medicinal product.

Keywords: favipiravir, potentiometric titration, ionization constant, protolytic formation
function
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