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Stress testing was performed on 2-(2-(4-bromophenyl)-4-hydroxy-1-(5-methylisoxazol-3-yl)-
5-0x0-2,5-dihydro-1H-pyrrol-3-yl) acetic acid, Bropa, to determine the weaknesses of pyr-
rolone-type heterocycles to various stressors, establish the degradation pathways and
found the possible approaches to overcome potential stability problems. Since other pyrro-
lone derivatives had previously shown high activity against influenza A/HI1N1 virus and
low cytotoxicity, this class was considered a promising source of the new active sub-
stances. The influence of temperature, alkaline and acidic media, daylight, UV irradiation
and hydrogen peroxide on the stability of Bropa was studied. Several analytical procedures
using HPLC, FTIR, and UV-vis spectroscopy were developed for the qualitative and
quantitative analysis of Bropa and the impurities in the test solutions. Bropa was found
to be resistant to daylight, temperature, alkaline and acidic media, with impurity levels
increasing by only 0.8-0.7 % . However, the compound proved unstable in UV tests and
tests with hydrogen peroxide (80 % and 3 %), as the content of the Bropa decreased to
11.7 %, 8.8 %, and 41.2 %, respectively, with many new impurities formed, showing the
susceptibility of the 5-o0x0-2,5-dihydro-1H-pyrrol-8-yl fragment to oxidation and photoin-
duced chemical reactions. The results indicated that the photochemical and oxidative
stability properties of pyrrolone-type heterocycles need to be improved to significantly
reduce the number of degradation products.

Keywords: pyrrolone derivatives, multicomponent reaction, stress testing, stability,
photoinduced chimical reactions, HPLC, FT-IR.

Crpec-recrypannsa 2,5-nmurigpo-1Hmoipon-3-inzamimenoi omrosoi rucaoru. I.J.CaxHo,
1.0.3invenro, I.B.Illepbaros, I'Jl.Ieauenro, 0.M.Cmoanep, A.M.Jlanynosa, K.M.Beairxos,
C.M Jlecenro, O.Il.Besyzna, B.A.Hebanos

ITpoBegeno crpec-recryBanusa 2-(2-(4-6pomdbenin)-4-rizporcu-1-(5-metTunizokcazon-3- im)-
5-okco-2,5-gurigpo-1Hoiposn-8-in) ouroBoi Kumenorm, Bropa, 3 MeTow BuUSHAUYEHHS BPA3JIM-
BOCTi IeTEPOIIUKJIIB IipOJOHOBOTO TUIY HO PisHUX cTpecoBuX (GaKTopiB, B0KpeMa, BCTAHOB-
JeHHA NLIAXIB fmerpamallii Ta HOIIYKY MOMKJINBUX IIAXOAIB A0 IMOAOJAHHSA IIOTEHITIHHUX
npobiem crabinbHocTi. Ockinbku immi moxizHi miposoHy paHimle moxasanu BHCOKY aK-
TUBHIiCTH mpoTu Bipycy rpumy A/HINI1 Ta HusbKy IIUTOTOKCUYHICTB, ITell KJIAC POBTIAZABCS
SAK IePCIeKTUBHE AKEPeJOo HOBUX aKTUBHUX CIOJYK. BUBUEHO BIJINB TeMIepaTypU, JY:KHO-
TO Ta KWCJIOTO CEPemOBUIN, TEHHOTO CBiTsia, Y®-ompoMiHeHHA Ta IIePOKCHUIY BOZHIO Ha
crabinpHicTs Bropa. PospobieHo HuSKy aHamiTHUYHUX MeTOZUK 3 BuKopucraHuaMm BEPX,
I9-ra Y@-cuexkTpockomnii xna AxicHoro Ta KinmbKicHoro amamisy Bropa Tta mowmimiox y go-
caimryBaHuUX posuuHax. BeramoBieHo, 1o croJyka Bropa e crifikoro mo mil memHOro cBitia,
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TeMIIepaTypu, JAY:KHUX Ta KHUCJIOTHUX CEePeJOBUIN ajiKe IIPU IIHOMY BMiCT AOMIIIIOK
36inpmryerbea gume Ha 0,3-0,7 % . OpHax cmoiayka BuUABUJACA HecTabllIbHOW IIif miero
Y®-onpominenns i mepexucy Boguio (30 % i 3 % posumHN) OCKINBKKM BMicT OCHOBHOI
crionyku Bropa mazas mo 11,7 %, 8,3 % i 41,2 % sBix BuxizHoro BigmoBigZHO 3 yTBOPEeHHSIM
BeJUKOI KiJbKOCTI HOBMX IOMIINIOK, IO CBIAYUTH HpPO YYTIAUBiCTL 5-0Kco-2,5-murigpo-1H-
nipon-3-in dparMeHTy L0 OKUCJIeHHA Ta (GoToiHAYKOoBaHUX XiMiuHUX peakIiifi. Pesynwbraru
TOCTimKeHHA MOKasaju, 110 BJIACTUBOCTI (oToxiMiuHOI Ta OKMCHIOBAJLHOI cTabiIbHOCTI re-
TEePOITUKJIIB IIiPOJIOHOBOTO THUIIY IOTPEeOYIOTHL IIOKpAIlleHHA [AJA CYTTEBOTO 3MeHIIeHHS

KimbKOCTI IPOZYKTIB ZecTPyKIIii.

1. Introduction

The study of the influence of stress fac-
tors on the qualitative and quantitative
composition of the new active substances is
an important stage in the way of the newly
synthesized compound to the final drug, be-
cause regulatory authorities require com-
plete data on the composition, structure, re-
activity, and reaction products of a poten-
tial drug [1]. However, regulatory
guidelines for stability testing of drugs in
the early stages of development lack speci-
ficity [2], so drug development often in-
volves more stability studies than necessary
just to avoid regulatory questions, or inade-
quate stability testing, leading to delays in
drug development. The most common tests
for drug degradation include effect of tem-
perature, oxidation, the influence of alkalis
and acids, various types of irradiation (micro-
waves, IR, UV, X-rays, etc.), and mechano-
chemical degradation. The choice of exposure
factors for testing often depends on the in-
tended purpose of the new active substance.

In the current work as the test substance
was used 2-(2-(4-bromophenyl)-4-hydroxy-1-(5-
methylisoxazol-3-yl)-5-0x0-2,5-dihydro- 1H-
pyrrol-3-yl) acetic acid, Bropa (4, Scheme
1). The pyrrolone derivative is the privi-
leged class of heterocycles due to their
biological activities namely antiviral [3-—
5], antibacterial [6, 7], antimicrobial [8,
9], analgesic [10], antitumor [11, 12].
Also, pyrrol-2-ones containing 7-lactam
fragment is presented in bioactive ingredi-
ents such as antibiotic pyrrocides [18] and
the endothelin receptor antagonist
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oteromicyn [14]. In our previous studies
[15], a representative of the pyrrolones, 3-
hydroxy-5-(2-methoxyphenyl)-4-phenyl-1-
(1H-1,2,4-triazol-5-y1)-1H-pyrrole-2(5H)-o0
ne, that was obtained by multicomponent
reaction of 5-amino-1,2,4-triazole with 2-
methoxybenzaldehyde and pyruvic acid,
showed high activity against influenza
A/HIN1 virus (EC50 = 0.57 uM) and low
cytotoxicity (CC50 100 uM).

2. Materials and methods

All reagents, volumetric solutions, and
indicators used in the present work were
supplied by commercial vendors and met
the requirements of the State Pharmaco-
poeia of Ukraine [16].

Bropa synthesis and confirmation of the
structure.

The Bropa was synthesized by known
three-component reaction [15] involving 3-
amino-5-methylisoxazole (1), 4-bromoben-
zaldehyde (2), and o-ketoglutaric acid (3)
in boiling acetic acid for 4 h (Scheme 1).

Pyrrolone 4 has already been described
in literature [15] and its melting point,
1H, '3C NMR and mass spectra 4 are in
good correlation with published data. 1H
and '3C NMR spectra were acquired on a
Varian MR-400 instrument at 400 and
100 MHz, respectively, in DMSO-dg. Mass
spectra were registered on a GC-MS Varian
1200L (ionizing voltage 70 eV). Melting
points were determined with a Stuart
SMP10 apparatus.

HaC
AcOH, A, 4 h 3 A

Functional materials, 29, 4, 2022



Y.I.Sakhno et al. / Stress testing of ...

Identification tests.

The identification of Bropa was carried
out by:

— infrared absorption spectro-
photometry, [16, 2.2.24] within the region
of 4000-400 cm™! using Shimadzu 8400S
spectrometer (Shimadzu, Japan);

— ultraviolet and visible absorption
spectrophotometry [16, 2.2.25] within range
from 220 nm to 320 nm using Shimadzu
UV-1700 PharmaSpec spectrometer (Shi-
madzu, Japan);

— HPLC [16, 2.2.29] simultaneously
with its quantitative determination using
Shimadzu LC-2030C 8D chromatograph
(Shimadzu, Japan).

Quantitative analysis of Bropa and the
impurities.

For assay of Bropa the analytical proce-
dure by reverse potentiometric titration
[16,2.2.20] wusing 848 Titrino Plus
(Metrohm AG, Switzerland) titrator was de-
veloped, viz.:

Dissolve 0.2 g of the substance in 15 ml
of 0.1 M sodium hylroxide, in 20 min add
20 ml of water and mix. Titrate the solu-
tion with 0.1 M hydrochloric acid.

1 ml of 0.1 M hydrochloric acid is
equivalent to 39.32 mg Bropa
(C16H13BrN205).

In addition, the analytical procedure by
HPLC [16, 2.2.29] was developed for quan-
titative determination of both Bropa and its
impurities as it is provided below:

Buffer solution pH 2.0. Solution of so-
dium perchlorate (6.0 ml) in water for chro-
matography (1000 ml) with trimethylamine
(2 ml) added and adjusted to pH (2.0+£0.05)
with phosphoric acid.

Dissolution mixture. Acetonitrile for
chromatography — water (50:50).

Test solution. Dissolve 100.0 mg of
Bropa in the 70 ml of dissolution mixture,
dilute to 100 ml with the same solvent and
mix. Dilute 10.0 ml of the solution to
100 ml with the dissolution mixture and
mix. Filter this solution using 25 mm
fluoroplastic membrane filter (pore size of
0.45 wm) discarding the first 2 ml of fil-
trate (100 pug/ml of Bropa).

Reference solution (a) (for the quantita-
tive determination of Bropa). Dissolve
25.0 mg of Bropa RS in 15 ml of dissolu-
tion mixture, dilute to 25 ml with the same
solvent and mix. Dilute 5.0 ml of the solu-
tion to 50 ml with the dissolution mixture

and mix (100 pug/ml Bropa).
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“The substance with content of
C16H13BrN>O5 99.8 % was used as reference
standard.

Reference solution (b) (for quantitative
determination of the impurities). Dilute
1.0 ml of reference solution (a) to 100 ml
with the dissolution mixture and mix
(1 ug/ml of Bropa).

Reference solution (c) (for system suit-
ability). Dilute 5.0 ml of reference solution
(b) to 25 ml with the dissolution mixture
and mixe (0.2 pg/ml of Bropa).

Chromatographic conditions:

— column: stainless-steel chroma-
tographic column, 150x3.9 mm, packed
with octadecylsilyl silica gel for chromatog-

Mobile phase
A, % v/v B, % v/v

0-15 100—-0 0—-100
15-20 0 100

Column regeneration
20-25 ‘ 100 0

Time, min Mobile phase

raphy (5 um) (Symmetry® C18, "Waters™);

— mobile phase A: buffer solution pH
2.0;

— mobile phase B: R buffer solution 2.0
— acetonitrile for chromatography (25:75);

— flow rate: 1.0 ml/min;

— detection: spectrophotometer at
230 nm;

— injection: 20 ul;

— temperature: 30°C;

— disregard limit (in the case of quanti-
fication of impurities): peak which area was
less than the area of the principal peak on
the chromatogram obtained with reference
solution (c) (0.2 %).

System suitability:

— column performance calculated by the
peak due to Bropa in the chromatogram ob-
tained with the reference solution (a) or (c)
should be not less than 25,000 theoretical
plates;

— symmetry factor should be within
range 0.8-1.5;

— relative standard deviation should
meet the requirements of [16, 2.2.46];

— signal-to-noise ratio should be not less
than 10.

All the developed analytical procedures
were appropriately validated in accordance
with the requrements of [16] harmonized
with the provisions of ICH guideline Q 2 [17].
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Fig. 1. FTIR spectrum of Bropa.

The preparation of the solutions for
Bropa stress testing.

The following solutions were used: the
solvent (acetonitrile — water for chroma-
tography 1:1); Bropa solution (100 pug/ml in
solvent); the control solution (Reference so-
lution (a) — water 1:1); Bropa synthesis
components (containing 86.0 ug/ml of
Bropa, 720.8 ug/ml of o-ketoglutaric acid,
120.0 ug/ml of 3-amino-5-methylisoxazole
and 133,6 ug/ml of 4-bromobenzaldehyde)
in the solvent.

HCI test. Mixture of 5.0 ml of Bropa so-
lution and 0.4 ml of a 1.0 M hydrochloric
acid was kept at 40°C for 60 minutes and
cooled to room temperature. Then the mix-
ture was neutralized with 1.0 M sodium hy-
droxide, quantitatively transferred into a
10 ml measuring flask and diluted to 10 ml
with the solvent.

NaOH test. Mixture of 5.0 ml of Bropa
solution and 0.4 ml of 1.0 M sodium hy-
droxide was kept at 40°C for 60 minutes
and cooled to room temperature. Then the
mixture was neutralized with a 1.0 M solu-
tion of hydrochloric acid, quantitatively
transferred into a 10 ml measuring flask
and diluted to 10 ml with the solvent.

Hydrogen peroxide tests. Mixture of
0.5 ml of Bropa solution and 0.5 ml of
30 % hydrogen peroxide solution or 0.5 ml
of 8 % hydrogen peroxide solution were
placed into chromatographic vials and
mixed. They were kept at a temperature of
40°C for 60 minutes and cooled to room
temperature.

UV test. Bropa solution was placed in a
quartz closed cuvette and irradiated with
UV light at 254 nm for 30 minutes, then
0.5 ml of solution was placed into the chro-
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Fig. 2. UV absorption spectrum of Bropa in
methanol.

matographic vial with 0.5 ml of solvent
added and mixed.

Temperature test. 0.5 ml of Bropa solu-
tion and 0.5 ml of the solvent were placed
into a chromatographic vial and mixed,
then heated in an oven at 60°C for 1 hour.

Daylight test. 0.5 ml of the Bropa solu-
tion and 0.5 ml of the solvent were placed
into a chromatographic vial, mixed and ex-
posed to daylight at 25°C for 1 hour.

Control solution. 0.5 ml of Bropa solu-
tion and 0.5 ml of the solvent were placed
in a chromatographic vial, mixed and imme-
diately chromatographed.

3. Results and discussion

FTIR spectrum of Bropa measured in
QATR mode showed all necessary charac-
teristic peaks (Fig. 1). The UV-absorption
spectrum of 8 ug/ml Bropa solution in
methanol in the range from 220 to 320 nm
contains the maximum at 280 nm and a
shoulder peak at 260 nm (Fig. 2), the spe-
cific absorbance measured at 230 nm was
within 0.45-0.48 abs.

Chromatogram obtained with Bropa as
the control solution (Fig. 3) shows the sub-
stance contained two unidentified impuri-
ties with Rt ~ 12.8 min and Rt ~ 14.9 min
hereinafter referred as Impurity A and Im-
purity B with the content about 2.1 % and
0.2 %, respectively.

Chromatogram obtained with test sample
after the daylight exposure contains no ad-
ditional peaks of impurities other than the
impurities A and Impurity B observed in
the original substance (Fig. 4).

The HPLC data after the temperature
test (Fig. 5) show only one additional peak
of the new impurity with Rt ~ 11.8 (about
0.6 %); the content of both Impurity A and
Impurity B originally present in the sub-
stance did not change significantly.

Functional materials, 29, 4, 2022
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Fig. 3. Chromatogram obtained with the con-
trol solution.
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Fig. 5. Chromatogram obtained with test
sample after the temperature degradation
test.
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Fig. 7. Chromatogram obtained with test
sample after the HC| degradation test.
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Fig. 4. Chromatogram obtained with test
sample after the daylight exposure.
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Fig. 6. Chromatogram obtained with test
sample after the UV exposure.
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Fig. 8. Chromatogram obtained with test
sample after the NaOH degradation test.
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Fig. 9. Chromatogram obtained with test
sample after the 30 % H,O, degradation test.
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Fig. 11. Chromatogram obtained with the re-
action components of the Bropa synthesis.

The content of Bropa in the substance
after the UV test (Fig. 6) decreased to
11.7 % of the original content and 14 new
impurities were detected by HPLC.

The HPLC data after the HCI test (Fig. 7)
show the presence of both Impurity A and
Impurity B with Rt~ 12.8 and Rt~
14.9 min with two other unidentified impu-
rities with Rt ~ 1.2 and Rt ~ 1.9 min and an
estimated content of about 0.5 and 0.2 %,
respectively.

The NaOH test (Fig. 8) gives the new
four peaks of the impurities, assigning the
impurity at Rt ~14.9 min to Impurity B
without significant changes in content, and
the unidentified impurities at Rt ~ 1.9 and
Rt ~ 13.7 min and estimated content of about
0.2 and 0.4 %, respectively, and 8-amino-5-
methylisoxazole 1 (Scheme 1) at Rt ~ 4.1 min.

The interaction with hydrogen peroxide
leads to the destruction of Bropa with the
formation of a considerable amount of im-
purities (Figs. 9, 10), while the content of
the main substance in the solutions exposed
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Fig. 10. Chromatogram obtained with test
sample after the 8 % H,O, degradation test.

uv

700000

600000

500000

400000

300000+

200000

L~ ]
I UGS SEUWASVSS 5
100000 ————"——————] 4
3
[ A 2

-100000-

min

Fig. 12. Summary HPLC data: I — solvent; 2
— control solution; 8 — test sample after the
daylight test; 4 — test sample after the tem-
perature test; 5§ — test sample after the UV
test; 6 — test sample after the HCI test; 7 —
test sample after the NaOH test; 8 — test
sample after the 80 % H,O, test; 9 — test
sample after the 8 % H,0O, test; 10 — solu-
tion of Bropa and the synthesis components.

to 30 % and 3 % hydrogen peroxide solu-
tions decreased to 8.8 % and 41.2 %, re-
spectively, compared to the initial amount.

The chromatogram obtained with the re-
action components of the Bropa synthesis is
shown in Fig. 11. The peaks with retention
times of 1.719, 4.072, 11.120, and 12.213
correspond to o-ketoglutaric acid 3, 8-
amino-5-methylisoxazole 1, Bropa 4, and 4-
bromobenzaldehyde 2, respectively (Scheme 1),
while the peak with Rt = 14.920 min was
assigned to the Impurity B.

The summarized HPLC data after all
stress tests are shown in Fig. 12.

Summary data of all registered HPLC
peaks, ordered by their retention time, from
all samples are shown in Fig. 12 and

Functional materials, 29, 4, 2022
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Table 1. Summary of HPLC data obtained for the studied solutions with the peaks characteristics

Component Test Peak Label R,, min Area, a.u. Tailing Resolution
assignment Factor (USP)
(10 %)
Unidentified01 HCI TImpl 1.19 20527 1.2 -
Hydrogen peroxide| H,O,, 30 % Impl 1.2 42009914 1.876 -
H,0,, 3 % Impl 1.211 25154919 1.111 -
o-ketoglutaric acid Synthetic Sub3 1.701 1977032 1.283 -
mixture
Unidentified02 NaOH Impl 1.875 11006 1.418 -
H,O,, 30 % Imp2 1.886 109211 1.911 3.701
HCI Imp2 1.887 9152 1.384 4.626
H,0,, 3 % Imp2 1.89 8178 1.42 4.457
3-amino-5- UV-light Impl 4.076 26859 1.014 -
methylisoxazole H.O., 3 % Imp3 4.086 57036 1.115 14.17
NaOH Imp2 4.092 13661 1.033 15.328
Synthetic Subl 4.092 5239040 0.913 12.14
mixture
H,O., 30 % Imp3 4.128 80641 1.148 14.531
Unidentified03 UV-light Imp2 4.818 8396 1.116 1.19
H,O,, 83 % Imp4 4.331 21177 1.325 1.333
Unidentified04 H,O,, 30 % Imp4 5.8355 234973 1.424 1.245
Unidentified05 UV-light Imp3 5.818 9231 1.083 9.581
Unidentified06 UV-light Imp4 6.669 29720 1.022 5.175
Unidentified07 UV-light Impb 7.065 7060 1.015 2.055
Unidentified08 UV-light Imp6 7.501 13708 0.683 2.17
Unidentified09 UV-light Imp7 8.176 1538 0.919 3.479
H,0,, 3 % Impb 8.179 76215 0.893 25.867
H,O,, 30 % Impb 8.209 574152 1.183 22.071
Unidentified10 H,O,, 3% Imp6 8.846 314494 1.204 1.186
UV-light Imp8 8.403 60650 1.415 1.102
H,O,, 30 % Imp6 8.502 185570 1.325 1.487
Unidentified11 H,0,, 3 % Imp7 9.827 394287 1.508 5.378
H,O,, 30 % Imp7 9.867 40092 0.964 4.302
UV-light Imp9 9.438 120801 0.791 4.071
Unidentified12 H,O,, 30 % Imp8 9.521 22422 1.136 1.025
UV-light Impl0 9.649 5789 1.107 1.048
H,0,, 3 % Imp8 9.993 165808 0.738 3.278
Unidentified13 UV-light Impll 10.08 30682 1.235 3.275
Unidentified14 H,O,, 3 % Imp9 10.496 15855 1.026 2.441
Unidentified15 H,O,, 30 % Imp9 10.797 54557 1.05 8.863
Bropa H,O., 30 % Bropa 11.015 362480 1.388 1.183
temperature Bropa 11.093 4419651 1.156 -
NaOH Bropa 11.098 4328757 1.157 40.966
daylight Bropa 11.101 4304779 1.147 -
HCI Bropa 11.102 4378235 1.159 57.332
H,O,, 3 % Bropa 11.102 1790970 1.022 3.052
control Bropa 11.111 4345324 1.159 -
UV-light Bropa 11.119 508612 1.233 6.361
synthetic Bropa 11.391 4978679 1.211 31.249
mixture
Functional materials, 29, 4, 2022 617
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Unidentified16 temperature Impl 11.807 25609 1.13 4.191
4-bromobenzalde- Synthetic Sub2 12.23 1805369 1.149 5.716
hyde mixture
Unidentified17 H,0,, 8 % Impl0 12.285 46342 0.75 6.425
Unidentified18 H,O,, 80 % Impl0 12.338 513289 0.823 6.526
Impurity A UV-light Impl2 12.738 5902 1.248 8.248
H,O., 8 % Impll 12.747 123153 1.074 2.519
temperature Imp2 12.748 93306 1.102 5.5562
daylight Impl 12.754 89789 1.086 9.445
HCI Imp3 12.756 100232 1.128 9.435
control Impurity A 12.766 91477 1.102 9.525
H,O,, 30 % Impll 12.814 34621 1.075 2.534
Unidentified19 UV-light Impl3 13.042 16998 1.161 1.399
Unidentified20 NaOH Imp3 13.705 18959 1.145 213.944
Unidentified21 UV-light Impl4 14.757 9816 0.908 8.765
Impurity B NaOH Imp4 14.891 10819 1.074 5.65
temperature Imp3 14.892 11699 0.906 10.65
daylight Imp2 14.896 14265 1.002 10.241
H,O., 3 % Impl2 14.897 10891 0.983 10.695
HCI Imp4 14.899 8431 1.036 11.438
control Impurity B 14.911 8133 1.18 11.585
UV-light Implb 14.918 4481 1.409 0.943
H,O0,, 30 % Impl2 14.967 15.817 1.008 10.267
Table 1. A total of 23 unidentified impurities Bropa,%
were detected, two of which were designated o0
Impurity A and Impurity B, which appear to %
be byproducts of the Bropa synthesis.
The Bropa content after influence of y
stress factors compared to that of the con-
trol solution can be found in Fig. 13. It can “
be seen that daylight, temperature, NaOH " ‘ ‘ ‘ ‘
and HCI| have no effect on the compound,
while UV and hydrogen peroxide suffi- 0 N u
Daylight Temperature  UV-light HCI NaOH 30% H202 3% H202

ciently reduce the Bropa content.

To confirm the assignment of the peaks
in Table 1, the R¢,;, and Rt,,,, values were
estimated to meet the stated requirements
for the identification of Bropa in the sub-
stance by HPLC (Table 2), and it can be
seen that all the Rt values found were
within the min-max ranges, so the assign-
ments in Table 1 were correct.

The situation with both Impurity A and
Impurity B was interesting and provided in-
formation about their chemical properties.
Impurity A was not found after the NaOH
test, indicating its possible high reactivity
in alkaline medium, but its content in-
creased slightly to 2.8 % after the 3 %
H,O, test, while UV light and the 80 %
H,O, test decreased its content to 0.14 %
and 0.8 %, respectively.

In contrast, Impurity B was found after
all the tests and only HCI| had no effect on
its content while UV, daylight, and both
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Fig. 13. Bropa content after the stress tests
compared to the control solution.

hydrogen tests showed up to a twofold in-
crease in its original content. It can there-
fore be assumed that the formation of impu-
rity B is probably caused by various photo-
chemical processes.

It should be noted the presence of 3-
amino-5-methylisoxazole after the UV test
(0.6 % found), the NaOH test (0.3 %
found), and both the hydrogen peroxide
tests (1.9 % and 1.8 % for concentrated
and diluted H,O,, respectively), while the
HCI and daylight tests did not elicit its for-
mation. This suggests some susceptibility of
the 5-0x0-2,5-dihydro-1H-pyrrol-3-yl frag-
ment of Bropa to oxidation and photoin-
duced chemical reactions.

Functional materials, 29, 4, 2022
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Table 2. Retention time data check to prove the component assignment of peaks

Component assignment Samples Rt RSD Rt Rt, ., Rt ,.
found in
Bropa 9 11.126 0.098 10.903 11.848
Impurity B 8 14.909 0.024 14.611 15.207
Impurity A 7 12.760 0.023 12.505 13.016
3-amino-5-methylisoxazole 5 4.095 0.018 4.013 4.177
Unidentified02 4 1.885 0.006 1.847 1.922
Unidentified12 3 9.811 0.199 9.615 10.007
Unidentified09 3 8.188 0.015 8.024 8.352
Unidentified10 3 8.417 0.064 8.249 8.585
Unidentified11 3 9.877 0.046 9.190 9.565
Unidentified03 2 4.825 0.007 4.238 4.411

Four unidentified impurities with indices
09-12 (Table 1) were found only after the
UV and the two hydrogen peroxide tests and
can therefore be assumed to be products of
direct oxidation and photochemical degrada-
tion of Bropa.

While the impurity Unidentified02 was
found after all tests except the UV and day-
light tests, the impurity Unidentified03 was
found after the UV and 80 % H,O, tests, so
no clear assumptions can be made about its
possible formation.

The unidentified impurities with other in-
dices are detected once in the corresponding
tests (Table 1), while the UV test showed the
largest number of impurities formed, prob-
ably due to the multiple possibilities of photo-
chemical degradation of Bropa.

4. Conclusions

In the present work, the stability of the
2-(2-(4-bromophenyl)-4-hydroxy-1-(5-methy
lisoxazol-3-yl)-5-0x0-2,5-dihydro-1H -pyrrol-
3-yl) acetic acid (Bropa), which is the struc-
tural analog of the compound with high an-
tiviral activity, was studied providing com-
plete qualitative and quantitative data for
the degradation products.

Since two unidentified impurities la-
belled as Impurity A and Impurity B with
retention times of ~12.8 min and ~
14.9 min, respectively, were detected in the
Bropa with content 2.1 % and 0.2 %, respec-
tively, there is a need for further study of
the reaction products of the Bropa synthesis.

The Bropa proved to be resistant to day-
light, temperature, NaOH, and HCI, as an
increase in impurity content of only 0.3—
0.7 % was observed.

However, the Bropa was found to be un-
stable in UV and both hydrogen peroxide
tests, as the content of the CygH{3BrN,Og
decreased to 11.7 %, 8.3 % and 41.2 %,

Functional materials, 29, 4, 2022

respectively, and 11-14 of the new impuri-
ties were detected by HPLC.

To ensure the safety of the new com-
pound in preclinical and clinical develop-
ment, it is important that the degradation
products are quantified and structurally
identified if they content exceeds the iden-
tification threshold established in ICH Q3A.
And the large number of degradation prod-
ucts of a new compound makes this process
lengthy, resource and labor intensive, and
ultimately expensive. Thus, to be success-
fully selected as a promising drug sub-
stance, Bropa needs to be improved in re-
gard to its photochemical and oxidative sta-
bility in order to significantly reduce the
number of the degradation products if the
long-term and accelerated stability testing
proves that such its properties could pose a
problem.
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