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THE MECHANISM OF ACCUMULATION OF FERRUM COMPOUNDS

IN HIGHLY MINERALIZED MINE AND QUARRY WATERS
AND THEIR PURIFICATION BY ELECTROLYSIS.

Volodymyr Mykhaylenko, Oleksii Antonov

'A.M. Pidhorny Institute of Mechanical Engineering Problems, NAS of Ukraine,
2/10 Pozharsky St., 61046 Kharkiv, Ukraine
e-mail: port342017@gmail.com

The mechanism of accumulation of dissolved iron compounds in groundwater and brines
under the influence of sulfate reduction and the resulting decrease in the redox potential
is considered. The mechanism under consideration has been experimentally confirmed.
A method of extraction of sulfides and ferrum-containing compounds by electrochemical
oxidation using an inert anode is proposed. The technology for obtaining an inert anode
based on manganese and lead oxides, stable in most natural waters and brines, which does not
contain noble metals and their compounds, is described. The specified technology involves
the deposition of manganese dioxide on a titanium base by thermal decomposition of man-
ganese nitrate. After that, the base is covered with a thin layer of PbO, by electrodeposition
from an alkaline complex electrolyte, and then with a thick layer of the same oxide by elect-
rodeposition from a nitrate electrolyte. It has been established that the contact of an alkaline
complex electrolyte with the active surface of metallic lead can significantly reduce the forma-
tion of bottom deposits during electrodeposition. It is shown how interruption of the current
during the electrodeposition of such an anode can reduce its porosity and increase its stability.
The process of iron removal and sulfide extraction from highly mineralized mine and quarry
waters has been studied. It has been theoretically calculated and experimentally confirmed
that the electricity consumption for the iron removal process of such waters does not exceed
1 kW*h/m’. An example of the application of the method of electrochemical iron removal
and sulfide extraction from highly mineralized brines with their subsequent resource-saving
processing and obtaining water for power supply of energy facilities and commodity mineral
salts is given.

Keywords: Sulfate reduction, ferrum removal, sulfide removal, electrolysis, mine waters
and brines.




INORGANIC CHEMISTRY

THE MECHANISM OF ACCUMULATION OF FERRUM COMPOUNDS IN HIGHLY MINERALIZED MINE AND QUARRY WATERS

AND THEIR PURIFICATION BY ELECTROLYSIS.

INTRODUCTION. Almost all mining and
industrial regions of Ukraine are water-de-
ficient. For the needs of industry, in particu-
lar, thermal power engineering, a significant
amount of drinking water is used in these re-
gions. At the same time, large amounts of wa-
ter are pumped out of mines, including closed
ones, and quarries. But these waters are con-
taminated with mineral impurities and cannot
be used for technical needs without deep pu-
rification, in particular demineralization. The
calculation of possible environmental damage
from the discharge of only brines from quar-
ries and tailings ponds of the Kalush mining
and industrial region into surface water bo-
dies, carried out according to the methodology
(Methodology, 2009), shows that such damage
exceeds 3 billion UAH.

There is a method for purifying highly mi-
neralized waters and brines with the produc-
tion of impurities in the form of marketable
by-products (Tarelin A.O., 2018). However,
in most cases, such waters contain quantita-
tively small, but quite dangerous impurities
of soluble iron and sulfide compounds. When
attempting to subject these waters to mem-

brane demineralization without prior removal
of iron and sulfides, the latter are deposited
on the surface of the membranes, irreversibly
disabling them. When attempting to demine-
ralize such waters thermally, sulfides and iron
(III) hydroxide are deposited on the heating
surfaces in the form of a rocky scale, which
can only be removed mechanically. Therefore,
preliminary deep extraction of these com-
pounds is necessary.

The mechanism of accumulation of soluble
ferrum compounds and sulfides in ground-
water and brines is currently not sufficiently
studied. There are separate publications de-
scribing the mechanism of dissolution of py-
rite and chalcopyrite when groundwater flows
through restored rocks (Xinfeng Wang, 2021).
However, insufficient attention is paid to the
processes of dissolution of ferrum compounds
from oxidized rocks. These rocks make up the
majority of the surface of the earth’s crust. They
contain trivalent ferrum oxide, which is almost
insoluble at pH above 5.0. At the same time, it
is in the waters flowing through such rocks that
the concentrations of the specified element are
relatively high (Table 1).

Table 1.
Main indicators of highly mineralized waters and brines.
Indicators, mg/dm’
Name of water Ferrous Total
Sulfides . o
soluble mineralization
Water from the Batkivshchyna mine of the Kryvyi Rih 30,3 17.2 83920
iron ore basin
Brine from the Dombrovsky quarry 30,7 15,6 350000
Formation water from oil production wells of the 270 18,0 220000
Poltava region
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The mechanism of accumulation of so-
luble ferrum compounds in low-minera-
lized groundwater in the Netherlands flowing
through oxidized clays has been described
(van Beek, G.G.E.M., 2021). However, the
main focus of this article is on the dissolution
and accumulation of FeCO, siderite in waters
under the influence of low pH, and insufh-
cient emphasis is placed on the role of redox
processes.

The aim of the work is the theoretical and
experimental study of the causes and mecha-
nism of accumulation of ferrum compounds
in mine waters and brines, as well as the de-
velopment of methods and equipment for their
removal.

EXPERIMENT AND DISCUSSION OF RE-
SULTS. Calculations of the potentials of redox
reactions that occur in salt solutions under an-
aerobic conditions were carried out using the
well-known Nernst formula. The materials for
the research were brine taken from the Dom-
brovsky quarry at a depth of 42 m, a water sam-
ple from the Rodina mine of the Kryvyi Rih
iron ore basin, and model solutions of a com-
position similar to the brine composition and
groundwater of the Buchach horizon (mine-
ralization 2.5 g/dm’). The concentrations of
the solution components were measured using
standard analytical methods.

Manganese nitrate and known nitrate and
alkaline complex electrolytes for lead dioxide
electrodeposition were used to manufacture
inert anode samples (Mykhailenko V.G., 2022).

As a result of the vital activity of bacteria of
the genus Desulfovibrio and Desulfotomacu-
lum (de Rezende J.R, 2013, Osturk M, 2021),
in sulfate-containing solutions under anaero-
bic conditions, in the presence of organic
substances, microbiological sulfate reduction

https://ucj.org.ua

occurs and hydrogen sulfide and free carbonic
acid accumulate (Basen M, 2011):

SO42‘ + 10H"+ 8e= H,S + 4H O;
C,H,0, + 3H,0- 12e= 3CO, + 12H".

At the same time, a significant decrease
in pH and Eh of solutions occurs. Since in a
weakly acidic environment hydrogen sulfide
is extremely poorly dissociated, the content
of S2- ions is small, the solubility product of
FeS and FeS, is not achieved, and the indicat-
ed sparingly soluble compounds cannot be
formed (Bozo-Hurtado L, 2013)

Therefore, it was necessary to establish and
experimentally substantiate the mechanism of
accumulation of iron compounds and sulfides
in highly mineralized waters, and then deve-
lop a method for extracting these compounds,
which, when present together, interfere with
the low-waste processing of such waters to
obtain purified water for the energy industry
and related commercial products. Known
technologies for purifying water from such
compounds by interaction with air oxygen
or ozone (Duranceau S J, 2010 Leszczynski J.,
2019) do not work at high mineralization due
to poor solubility of gases. There is a known
method for extracting iron compounds and
sulfides from highly mineralized formation
waters by electrocoagulation using iron ano-
des (Shamsiyev Sh.D, 2019). However, this
method is associated with high consumption
of anodes, which are products from commer-
cial metal sheets. In addition, it does not al-
low for deep extraction of dissolved iron com-
pounds, and is generally unsuitable for brines
with high mineralization.

Simultaneous removal of sulfides and fer-
rum compounds from highly mineralized
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waters is possible using electrotreatment with
inert anodes, but at present this method is too
expensive, since it is necessary to use noble me-
tals or titanium coated with a layer of such me-
tals or their compounds as such anodes (Liu L.,
2024). The use of graphite as an inert anode for
the purification of highly mineralized waters
is impractical, since this material is unstable
during anodic polarization in the O2 release
mode (Sanches-Sanches T J., 2020). Thus, the
next task of the research was to develop a stable
inert anode that would not contain noble
metals and their compounds. When imple-
menting it, the authors paid attention to low-
wear anodes based on manganese and lead
dioxides.

Titanium-based anodes coated with a layer
of manganese dioxide (MnO,) do not require
a noble metal sublayer (Mohammadi M.). Du-
ring the thermal decomposition of manganese
nitrate, a metallothermal reaction occurs on
the titanium surface, and the metallic man-
ganese released as a result dissolves in titani-
um, forming a penetration solution. There-
fore, manganese dioxide obtained by thermal
decomposition of manganese nitrate has good
adhesion to the titanium base and, at the same
time, creates a relief necessary to improve the
adhesion to the base of other coatings. There-
fore, before applying such a coating to titani-
um, it is possible not to apply a relief by me-
chanical treatment, as in other cases. Howev-
er, manganese dioxide itself is not sufficiently
stable during anodic polarization in chlo-
ride-sulfate solutions and gradually collapses.
Eventually, the active coating becomes porous,
the titanium base begins to be covered with a
semiconducting film of titanium dioxide, and
after that, electrolysis stops due to a significant
increase in the anode voltage.

A more stable anode material is lead dioxi-
de (Mukimin A., 2013). However, when it is
applied directly to a titanium substrate, during
anodic polarization, a relatively rapid diffusion
of atomic oxygen to the titanium surface oc-
curs and the substrate is subsequently passivat-
ed by a TiO2 film with increasing voltage and
termination of electrolysis (Olesia B., 2017).
To significantly increase the service life of such
anodes, a thin coating of platinum, iridium or
other noble metals and their compounds is ap-
plied under the layer of the main oxide coating
(Devilliers D., 2003).

Solutions for electrodeposition of lead di-
oxide of various compositions are known. The
most common is an acidic nitrate electrolyte,
which is characterized by high stability, allows
high current densities (up to 1000 A/m2) and
is easy to prepare and use (Mykhailenko V.H.,
2022).

The second group of electrolytes is alkaline
plumbite (Mukimin A., 2013) and complex
(Mykhailenko V.H., 2022) solutions, which
give compact shiny deposits, but only at low
current densities (100-200 A/m?). In addition,
these electrolytes are kinetically unstable, since
after passing a certain amount of electrici-
ty (4-5 A*h/dm’ for plumbite electrolyte and
5-6 A*h/dm’ for complex) brick-red bottom
deposits fall out of them. Thus, it was necessary
to develop a method for obtaining inert anodes
and, on their basis, develop a technology for
extracting iron compounds and sulfides from
highly mineralized wastewater.

The selected water sample from the Rodina
mine has a redox potential relative to the hyd-
rogen electrode of 230 mV and pH 5.5, the
brine of the Dombrovsky quarry - 270 mV
and 5.7, respectively, and the formation water
sample — 250 mV and 5.4. At this pH, trivalent
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ferric compounds will not dissolve. However,
the analysis shows that significant concentra-
tions of divalent ferric compounds in ionic
form are present in the solution. According
to the Pourbe diagram for ferric compounds,
under these conditions, divalent ferric ions
are stable.

The following mechanism for the disso-
lution of oxidized iron-containing rocks was
proposed.

When a solution with a low redox potential
comes into contact with iron-containing rocks,
hydration of trivalent ferric oxide occurs and
its reduction occurs according to the reaction:

Fe,0, + 3H,0 +2¢ = 2Fe(OH), + 20H-.

The equilibrium potential of this reaction is
+581 mV. At the same time, hydrogen sulfide is
oxidized by the reaction:

H,S + 3H,0 - 6e = SO32’ + 8H*.

This reaction has a potential of (-500) mV.
Thus, the potential difference between the oxi-
dation and reduction reactions exceeds 1 V,
which is quite sufficient for their spontaneous
occurrence.

The formed sulfite ion SO,* is used by sul-
fate-reducing bacteria to oxidize a new amount
of organic matter

The formed iron (II) hydroxide interacts
with carbon dioxide to form soluble iron bicar-
bonate Fe(HCO,),. This mechanism is similar
to that described in the literature (van Beek,
G.G.E.M,, 2021), however, it clearly links the
accumulation of ferrum bicarbonate (and not
siderite, which is poorly soluble) not only with
pH, but also with the low redox potential of the
system.

https://ucj.org.ua

The described mechanism of dissolution of
Fe O, was experimentally confirmed during
laboratory studies.

The experiments were performed on three
model solutions, the composition of which
simulated brackish water with a mineralization
of 2.5 g/dm’ (solutions 1 and 2) and brine with
a mineralization of 305 g/dm’ (solution 3).
Sodium sulfide and sodium bicarbonate were
added to solutions 2 and 3 and then neutralized
with hydrochloric acid to pH 5.7, thus repro-
ducing the conditions in groundwater. Solu-
tion 1 was treated in the same way, but instead
of sodium sulfide, a similar amount of sodium
bicarbonate was added. The solutions were
brought into contact with an ferrum-contain-
ing substance, in this experiment with freshly
deposited trivalent ferric hydroxide. The re-
sults of the studies (Fig. 1) show that in the ab-
sence of a reducing medium, the accumulation
of iron compounds in the solution does not oc-
cur. If a strong reducing agent (H2S) appears
in the solution, dissolution of iron compounds
and their accumulation occur, and in a high-
ly mineralized environment this process pro-
ceeds much slower than in low-mineralized
solutions.

The dissolution of trivalent iron com-
pounds occurs approximately ten times slow-
er upon contact of the solution with ground
Kryvyi Rih red hematite (Fig. 2). After 5 days
of contact with the iron-containing substance,
the concentration of soluble iron compounds
increased from 0 to 0.4 mg/dm’, which, how-
ever, is a sufficient rate for geological processes.
Thus, the mechanism of accumulation of iron
compounds in natural waters and brines with
the participation of the sulfate reduction pro-
cess has been experimentally proven.
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Fig. 1. Accumulation of ferrum compounds in model solutions upon contact with freshly
deposited Fe(OH)3. 1 - low-mineralized water with an admixture of hydrogen sulfide 15 mg/l;
2 - high-mineralized water with an admixture of hydrogen sulfide 15 mg/l;
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3 — low-mineralized water without the addition of sulfides.
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Fig. 2. Accumulation of ferrum compounds in a highly mineralized solution

containing 15 mg/1 hydrogen sulfide upon contact with hematite.
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The task of the next experiment was to de-
termine the rate of accumulation of soluble fer-
rum compounds upon contact of sulfide-con-
taining solutions with brown clay (Fig. 3).

23

(=)

._
n

CFe, mg/dm3

0.5

0
10

T, day

From the data presented, it can be seen that
upon contact with clay, the dissolution of fer-
rum compounds occurs even more slowly, but
in geological time it is still quite fast.

—e—TDS25

—o—TDS320

25

20

Fig. 3. Accumulation of iron compounds in solutions upon contact with brown clay.
1 - concentration of iron compounds in low-mineralized water;
2 - the same in highly mineralized brine.

The next task was to develop a technology
for producing an inert metal oxide anode that
would be stable in alkaline, neutral and acidic
environments and, at the same time, would not
contain noble metals and their compounds.
The method for producing such anodes is
based on the idea of combining the advantages
of MnO, and PbO,. It was necessary to apply
a thin layer of MnO, to the titanium base, the
purpose of which was to prevent passivation of
the anode by titanium dioxide, and then cover
the electrode with a thick layer of active PbO,
coating.

Since alkaline electrolytes for electrodepo-
sition of PbO, are kinetically unstable, a nitrate

https://ucj.org.ua

electrolyte was taken as the basic option. How-
ever, it was found that PbO, deposition does
not occur on the MnO, surface even at high
current densities. This is explained by the great-
er positivity of the electrode potential of the
PbO, deposition process (+1.288 V) compared
to the oxygen evolution potential (+1.053 V).
Instead, PbO, begins to be released from the al-
kaline complex electrolyte before reaching the
oxygen evolution potential (+0.22 V and +0.41
V, respectively). Thus, at low current densities,
PbO, is deposited on the manganese dioxide
surface without oxygen evolution. Therefore,
it is necessary to cover the manganese dioxide
surface with a lead dioxide deposit deposited
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from the alkaline complex solution, and then
apply a base layer of PbO, coating from the nit-
rate electrolyte.

The reasons for the kinetic instability of al-
kaline electrolytes were established. In an al-
kaline complex electrolyte containing a high
concentration of the complexing agent EDTA,
during the oxidation of plumbite ions to
HPbO* plumbate at the anode, the latter par-
tially dissolves in the electrolyte. At the same
time, the concentration of plumbates in the
solution increases, and when it reaches satu-
ration, which we experimentally established
at 75x10”° mol/dm’, plumbates interact with
plumbites according to the reactions:

2HPbO, +HPbO, = Pb,0 L + 30H;;
HPbO, +HPbO, = Pb Ol + 20H,

forming bottom sediments.

The study of the kinetics of plumbates accu-
mulation during electrolysis in a conventional
cell and in a cell with a catholyte separated from
the main solution by a cation-exchange mem-
brane showed that upon contact with the catho-
de and cathode lead (which is released during

90
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C »%10-5, mol/dm3

t.h

electrolysis), the accumulation of plumbates
in the electrolyte occurs several times slower.
The process of plumbates recovery upon con-
tact of the electrolyte with the active surface
of metallic lead was investigated (Fig. 4), the
experimental results were processed according
to the kinetic equation of the first order and
the criterion of kinetic stability of the alkaline
complex electrolyte during electrodeposition
of PbO, was derived:

S _ K
s, KC

A

(1)

where and is the electrolysis current density,
A/m?,

C is the concentration of plumbates in the
electrolyte, mol/dm’.

This criterion is actually the ratio of the areas
of the anode and the metallic lead immersed in
the solution, and under normal deposition con-
ditions (i = 100 A/m?, C = 37.5%10”° mol/dm?)
it is equal to 5.99. Therefore, if the surface of
the metallic lead immersed in the electrolyte
during the electrodeposition of PbO? is 6 times
larger than the area of the anode, the formation
of bottom deposits will not occur.

Fig. 4. Kinetics of plumbates reduction on the active surface of metallic lead.

10
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After the MnO, sublayer deposited on tita-
nium by thermal decomposition of manganese
nitrate is completely covered with a thin PbO,
layer, further lead dioxide deposition can be
carried out at high current densities from a nit-
rate electrolyte.

Interruption of the PbO, electrodeposi-
tion process for more than 10 minutes leads
to passivation of the oxide surface. Therefore,
the next electrodeposition cycle begins with
the appearance of new nuclei of lead dioxide
crystals, and thus, the pores of the first coat-
ing layer are partially covered by another layer.
This increases the stability of the anode and its
service life.

Samples of bench anodes with an area of
2 dm? were obtained, and the extraction of

40

® @3H—0—

20

C, mg/dm3

10
0
0

-200 200

¢, mV

sulfides and iron compounds from the brine
of the Dombrovsky quarry was performed on
these anodes (Fig. 4). The electrolysis voltage
was 4.5 V, at a current density of 1000 A/m*.
The indicated graphs show that during elec-
trolysis, sulfides are first oxidized to sulfates
and the pH of the brine decreases from 5.8 to
5.3. After that, when more positive potentials
are reached, the ferric compounds are oxidized
to form trivalent ferric hydroxide in the form
of flakes, which are easily separated from the
brine when it is clarified by filtration. The es-
timated electricity consumption for the oxida-
tion of ferric and sulfides in the brine with a
mineralization of 350 g/dm® does not exceed
1 kWh/m®.

—.—l

400 600 800

Fig. 5. Dependence of the residual concentration of ferrum compounds (row 1)
and sulfides (row 2) on the redox potential of the solution during the electrolysis
of the brine of the Dombrovsky quarry.

After the extraction of ferrum compounds
and sulfides, the brine was subjected to galur-
gic separation, during which technical sodium
chloride, valuable potassium fertilizer, crystal-
line magnesium chloride and purified water
with an electrical conductivity of 3-5 pS/cm
(residual mineralization 1.5-2.5 mg/dm’) were
obtained, which after further purification is
suitable for use as feed water for power boilers.
The further purification of water by electro-

https://ucj.org.ua

deionization on a laboratory electrodeionizer
allowed to obtain deionized water with a residu-
al electrical conductivity of 0.2 uS/cm at an ad-
ditional electricity consumption of 0.1 kWh/m’.

CONCLUSIONS. A mechanism for the ac-
cumulation of soluble iron compounds during
the flow of water and brines through oxidized
iron-bearing rocks has been proposed and ex-
perimentally proven. Based on this mechanism,
a method for the extraction of iron compounds

1
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from brines and highly mineralized waters by
electrolysis with an inert anode has been deve-
loped. A technology for obtaining inert metal
oxide anodes that do not contain noble metals
or their compounds has been developed. Such
anodes can also be used for water treatment
and wastewater treatment, including in the
production of composite fuels, for the removal
of sulfides from municipal wastewater, which
will improve their further treatment, the crea-
tion of closed technological cycles by hydroly-
sis of salt solutions and other needs. These ano-
des are used to remove sulfides and iron com-
pounds from highly mineralized waters before
their demineralization to obtain purified water

for the needs of the energy industry (electrical
conductivity 2.5-5 uS/cm) and salt commodity
products. The use of electrodeionization allows
the obtained water to be further purified to a
residual mineralization of 0.2 uS/cm, which
meets the standards for feed water for power
boilers. The additional electricity consumption
in this case does not exceed 0.1 kWh/m”.
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PosrianyTo MexaHi3M HAaKOIIMYEHHA Y IIiJI-
3eMHMX BOJAaX Ta PO3COMAX PO3YMHEHUX CIIO-
nyk ¢epyMmy mif BIUIMBOM CynbdaTpenykuii
Ta BUK/IMKAHOTO HEIO0 3HVDKEHHA OKMCHO-BIf-
HOBHOTIO IOTeHujiany. PosrnanyTuii MexaHism
€KCIIepPMMEHTA/IbHO HiITBEPIPKEHO. 3alpoIo-
HOBAHO CIIoci6 BumydeHHs cynbdinis Ta de-
PYMBMICHUX CIIO/IYK €/IeKTPOXiMIYHUM OKMNC-
HEHHAM i3 BUKOPUCTAaHHAM iHEPTHOTO aHOJY.

12

OmnmncaHo TeXHOJIOTII0 Ofjep>KaHHS iIHEPTHOTO
aHOJly Ha OCHOBI OKCUJIB MaHTaHy Ta IUIIOM-
OyMy, CTifiKOro y 6i/1bIIOCTi IPUPOTHNUX BOJ
Ta PO3COJIB, SIKMII He MICTUTH 0IarOpORHUX
MeTaJliB Ta IXHiX conyK. 3a3HayeHa TeXHOJIO-
Tid BK/IIOYA€E OCa/PKEHHSA Ha TUTAHOBY OCHOBY
MaHTaH [JIOKCUJY IIIAXOM TE€PMIYHOIO pO3-
K/IaJlaHHA MaHTaH HiTpary. Ilicia nporo ocHo-
Ba TIOKPMBA€ETbCA TOHKUM Iapom PbO, ma-
XOM €JIEKTPOOCAIIPKEHHA 3 JTY)KHOTO KOMIIJIEKC-
HOTO €JIEKTPOJIITY, a IIOTIM — TOBCTUM IIapOM
TOTO X OKCHJy IIJIAXOM €/IeKTPOOCa/IP>KEHHA
3 HITpaTHOTO €NeKTPOoiTy. BcTaHOBIEHO, 110
KOHTAKT JTy>KHOTO KOMIUIEKCHOT'O €/IEKTPOJIITY
3 aKTMBHOIO [IOBEPXHEI0 META/IeBOTO IIIOMOY-
My [I03BOJIA€ iCTOTHO 3MEHIIUTU YTBOPEHHHA
TOHHMX BiIKIAJIEHb IIPU €IeKTPOOCAJKEH-
Hi. [IokasaHo, K mepepMBaHHA CTPYMY IIpU
€/IEKTPOOCA/)KEHHI TAKOTO aHOJy MOX€E 3MEH-
IINTY JIOTO HMOPUCTICTb Ta 30IMBLIINTH CTiil-
KicTb. [locmigKeHo npoliec 3He3aIi3HEeHHA Ta
BUTYYeHHs CcynbdifiB i3 BrcokomiHepasiso-
BaHUX IIAXTHMX Ta Kap €PHUX BOA. TeopeTny-
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HO PO3paxOBaHO Ta €KCIIEPUMMEHTA/IbHO IIifi-
TBEPIPKEHO, LI0 BUTPATU €eKTPOeHeprii Ha
IIpOIIeC 3HE3a/Ii3HEHHA TaKMX BOJ| HE TIepeBU-
myoThb 1 kBr*ropg/m’. HaBegeno npukiay 3a-
CTOCYBaHHA CIIOCO0Y €l1eKTPOXiMiYHOTrO 3He-
3a/Ti3HEHHA Ta BIIy4eHHA CynbdiniB i3 Byco-
KOMiHepaJli30BaHNUX PO3COJIB i3 MOAaIbIINM
ixHIM pecypcosbepirarounm InepepoOIeHHIM
Ta Oflep>KaHHAM BOAM JJIs )KMBJIEHHS 00 €KTiB
€HEepreTUKI Ta TOBAPHMX MiHEpAJIbHUX COMEN.

Kirouosi cmoBa: cynbgarpenykiis, sHesa-
JTi3HEHHs, OYMIIEeHH Bijj cynbdifiB, enexrpo-
J1i3, IAaXTHI BOAY Ta PO3COMMN.
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This review profiles ten marketed pharmaceuticals approved by the US Food and Drug
Agency within the last five years that feature aliphatic fluorination - a key structural feature
pivotal to their biological activity. These include ivosidenib, developed for the treatment of
acute myeloid leukemia and cholangiocarcinoma (bile duct cancer); ubrogepant, approved for
the acute treatment of migraines; asciminib, prescribed for the treatment of chronic myeloid
leukemia in the chronic phase; omaveloxolone, used in the treatment of Friedreich’s ataxia, a
rare genetic disorder causing progressive damage to the spinal cord, peripheral nerves, and
brain; flurpiridaz (**F), a radioactive diagnostic agent for myocardial perfusion imaging by
positron emission tomography; upadacitinib, designed to address several inflammatory and
autoimmune conditions, including rheumatoid arthritis, psoriatic arthritis, atopic dermatitis,
ulcerative colitis, Crohn’s disease, ankylosing spondylitis, and non-radiographic axial spon-
dyloarthritis; tezacaftor, approved for the treatment of cystic fibrosis as an effective remedy;
alpelisib, prescribed for the treatment of breast cancer, effectively inhibiting tumor growth
and abnormal cell proliferation; pretomanid, used in combination therapies for the treatment
of extensively drug-resistant and multi-drug-resistant tuberculosis; and atogepant, approved
for the preventive treatment of migraines in adults, targeting both episodic and chronic
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migraines. Molecules featuring aliphatic fluorination present challenges due to higher pro-
duction costs and the complexity of predicting their biological profiles. However, the un-
deniable medicinal benefits of aliphatic fluorination invigorate this area of research, paving
the way for the development of more innovative drugs to enter the pharmaceutical market.
Beyond the incorporation of aliphatic fluorine atoms, six of the pharmaceuticals discussed in
this review feature residues of amino acids or their derivatives as pivotal structural design ele-
ments. Another characteristic shared by all these drugs is their chirality, with each molecule
possessing between one and six stereogenic carbons. Special attention should be directed to-
ward the phenomenon of self-disproportionation of enantiomers (SDE), a behavior observed
in enantiomerically enriched compounds. The SDE properties of chiral drugs, particularly
those containing fluorine and/or amino acid residues, represent a vital public safety concern,
necessitating rigorous evaluation of enantiomeric purity. Additionally, caution should be
exercised in light of growing public concerns over the potential harmful effects of fluorine on
human health. Since fluoride is recognized as the final metabolite of organic fluorinated com-
pounds, patients prescribed fluorine-containing drugs should consult their physicians about
non-fluorinated alternatives where available or take steps to limit fluoride exposure from
other sources, such as fluoridated water and industrially produced foods treated with fluori-
nated agrochemicals. Despite these concerns, it remains an undeniable fact that fluorine-con-
taining drugs are indispensable in modern medicine. They provide life-saving treatments,
improve quality of life, and drive medical innovation addressing urgent health challenges and
laying the foundation for future advancements in healthcare.

Key words: Fluorine, Aliphatic Fluorination, Pharmaceutical Drugs, Drug Design, Syn-
thesis, Chirality, Bioactivity, Self-Disproportionation of Enantiomers (SDE), Public Health
Concerns, Human and Environmental Overload with Fluorine.

INTRODUCTION. Pharmaceutical drugs
are indispensable components of modern civ-
ilization, significantly shaping public health
and quality of life. Their impact is multifaceted,
beginning with their fundamental role in treat-
ing and managing a vast spectrum of diseases,
both acute and chronic [1, 2]. Antibiotics, for
instance, have revolutionized the management
of bacterial infections, saving countless lives,
while medications for chronic conditions like
diabetes, hypertension, and cardiovascular di-
seases enable individuals to maintain producti-
vity and longevity [3]. Similarly, advancements
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in cancer therapies, including chemotherapy
and targeted treatments, have drastically im-
proved survival rates [4]. The widespread
availability of pharmaceuticals has also con-
tributed to a substantial increase in life expec-
tancy with vaccines eradicating or significantly
reducing the incidence of formerly devastating
infectious diseases. Beyond disease manage-
ment, pharmaceuticals enhance quality of life
by alleviating pain, controlling symptoms, and
improving overall well-being. Medications for
mental health disorders, such as depression
and anxiety, allow individuals to function ef-
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fectively within society, and pain management
drugs enable participation in daily activities
[5]. Furthermore, pharmaceuticals are essen-
tial for modern medical procedures, including
surgery, organ transplantation, and intensive
care where anesthesia, immunosuppressants,
and other drugs are critical. They are also vital
for public health initiatives, such as vaccina-
tion campaigns and disease control programs,
playing a crucial role in preventing the spread
of infectious diseases [6]. The pharmaceutical
industry’s continuous investment in research
and development drives the discovery of new
drugs and therapies ensuring ongoing progress
in addressing emerging health challenges.
Fluorine plays a pivotal role in the design
of modern pharmaceuticals, revolutionizing
drug development and enhancing therapeu-
tic efficacy. Its unique properties make it an
invaluable element in medicinal chemistry
[7-11]. Fluorine atoms can block metabolic
oxidation sites, preventing drugs from being
broken down too quickly in the body, which
increases the drug’s half-life and ensures sus-
tained therapeutic effects [7, 10, 11]. Its high
electronegativity can modulate the electronic
properties of a molecule, improving its inte-
raction with biological targets like enzymes or
receptors, leading to greater potency and se-
lectivity. Incorporating fluorine can improve a
drug’s solubility, membrane permeability, and
bioavailability ensuring it reaches its intended
site of action more effectively. By fine-tuning a
molecule’s properties, fluorine can help mini-
mize off-target interactions and reduce the
likelihood of adverse effects [7-11]. Fluorine
isotopes, such as fluorine-18, are widely used
in positron emission tomography (PET) imag-
ing aiding in early disease detection and moni-
toring [12-17]. Fluorine’s versatility has made

https://ucj.org.ua

it a cornerstone in the development of life-
saving drugs, from cholesterol-lowering agents
to cancer therapies, and its continued explora-
tion in pharmaceutical research promises even
greater advancements in medicine [18, 19].
The pharmaceutical industry favors aro-
matic fluorination over aliphatic fluorination
due to several key factors that impact drug de-
sign and development. Aromatic fluorinated
compounds often exhibit enhanced metabolic
stability, increased lipophilicity, and improved
binding affinity to target proteins, all critical
properties for drug candidates. The aromatic
ring provides a rigid scaffold that allows for
predictable structure-activity relationships,
facilitating the optimization of drug properties
[20-22]. In contrast, aliphatic fluorination can
introduce significant conformational flexibili-
ty, making it challenging to predict and con-
trol drug-target interactions. Furthermore,
the direct introduction of fluorine into alipha-
tic chains can lead to unpredictable metabolic
pathways and potential toxicity issues [23, 24].
The relative ease of synthesizing diverse aro-
matic fluorinated compounds, coupled with
the well-established understanding of their
impact on drug properties, makes them more
attractive for pharmaceutical applications. Ad-
ditionally, the ability to fine-tune the electronic
and steric properties of aromatic rings through
strategic fluorination allows for the optimiza-
tion of drug-receptor interactions. Finally, the
relative stability of aromatic fluorinated com-
pounds compared to their aliphatic counter-
parts contributes to their suitability for phar-
maceutical development where long shelf life
and consistent performance are essential.
According to comprehensive surveys span-
ning the last 25 years [7, 25-32], over 450 fluo-
rine-containing pharmaceuticals have received
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US Food and Drug Agency (FDA) approval.
This comprehensive data analysis demon-
strates that the structural and functional cha-
racteristics of fluorinated drugs align closely
with those of non-fluorinated pharmaceuti-
cals. Heterocyclic compounds, integral to me-
dicinal chemistry, are present in over 85% of
approved drugs. Their diverse biological activi-
ties and structural versatility make them indis-
pensable as backbones in drug design [33-40].
Similarly, amino acid-derived compounds play
a crucial role in drug development. Data reveal
that over 30% of small-molecule drugs incor-
porate amino acid residues or their derivatives
such as amino-alcohols and diamines. Amino
acid residues enhance structural diversity and,
by introducing chirality, facilitate three-di-
mensional designs that optimize biological ac-
tivity [41-54]. Chirality is a critical aspect of
drug design with more than 70% of pharma-
ceutical drugs on the market being chiral [55-
60]. One metric unique to fluorinated drugs
is the relative proportion of aromatic versus
aliphatic fluorination. Surveys indicate a ratio
of approximately one aliphatic to five aroma-
tic substitutions in such drugs. As previously
mentioned, the incorporation of aliphatic fluo-
rine poses significant synthetic challenges and
introduces complexities related to reactivity,
chirality, electrostatic effects, steric hindrance,
and the chemical properties of the resultant
structural modifications [61-65]. Neverthe-
less, the biological advantages conferred by
aliphatic fluorination frequently outstrip these
obstacles, solidifying its importance as a strate-
gic and valuable method in drug development.

In this review, we profile ten recently ap-
proved pharmaceutical drugs featuring ali-
phatic fluorination. These include ivosidenib 1
(Fig. 1), marketed under the brand name
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Tibsovo, which is primarily used for the treat-
ment of acute myeloid leukemia (AML) and
cholangiocarcinoma (bile duct cancer). It is
specifically effective for patients with a sus-
ceptible mutation in the IDH1 gene which is
involved in cancer cell growth. Ubrogepant 2,
marketed under the brand name Ubrelvy™,
is used for the acute treatment of migraines
in adults, with or without aura. It belongs to
the class of calcitonin gene-related peptide
(CGRP) receptor antagonists which work by
blocking CGRP, a protein involved in migraine
pain. Asciminib 3, marketed under the brand
name Scemblix, is used for the treatment of
chronic myeloid leukemia (CML) in the chro-
nic phase. It is particularly effective for patients
who have resistance or intolerance to at least
two prior tyrosine kinase inhibitors or those
with the T315I mutation. Asciminib 3 is a first-
in-class allosteric inhibitor that specifically
targets the myristoyl pocket of the BCR-ABL1
protein offering a novel mechanism of action
in CML therapy. Omaveloxolone 4, marketed
under the brand name Skyclarys™, is used for
the treatment of Friedreich’s ataxia. This rare
genetic disorder causes progressive damage to
the spinal cord, peripheral nerves, and brain,
leading to uncoordinated muscle movement,
difficulty walking, and other complications.
Omaveloxolone 4 works by activating the Nrf2
pathway, which helps mitigate oxidative stress
and improve mitochondrial function thereby
addressing key aspects of the disease. Flurpiri-
daz (*®F) 5, marketed under the brand name
Flyrcado', is a radioactive diagnostic agent used
for PET myocardial perfusion imaging. It is
indicated for adults with known or suspected
coronary artery disease to evaluate myocardial
ischemia and infarction. This imaging process
helps assess blood flow through the heart mus-
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Fig. 1. The structures of marketed pharmaceutical drugs highlighted in this review
with aliphatic fluorination as a key structural feature.

cle under rest or stress conditions (pharmaco-
logic or exercise). Upadacitinib 6, marketed
under the brand name Rinvoq™, is used to
treat several inflammatory and autoimmune
conditions, including rheumatoid arthritis,
psoriatic arthritis, atopic dermatitis, ulcerative
colitis, Crohn’s disease, ankylosing spondylitis,
and non-radiographic axial spondyloarthritis.
Tezacaftor 7 is used in the treatment of cys-
tic fibrosis CF. It is often combined with other
drugs, such as ivacaftor (brand name Symde-
ko™) or elexacaftor and ivacaftor (brand name
Trikafta), to improve the function of the cystic
fibrosis transmembrane conductance regulator

https://ucj.org.ua

(CFTR) protein in patients with specific gene
mutations such as the F508del mutation. Teza-
caftor 7 acts as a corrector helping the CFTR
protein fold properly and reach the cell sur-
face thereby enhancing its activity. Alpelisib 8,
marketed under the brand names Piqray™
and Vijoice, is used in the treatment of breast
cancer and PIK3CA-Related Overgrowth
Spectrum (PROS). Alpelisib 8 is a PI3K-alpha
inhibitor targeting the PIK3CA mutation to
inhibit tumor growth or abnormal cell proli-
feration. Pretomanid 9 is used in combination
with other medications, such as bedaquiline
and linezolid, for the treatment of extensively
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drug-resistant tuberculosis (XDR-TB) or multi-
drug-resistant tuberculosis (MDR-TB) of the
lungs. It is specifically indicated for patients
who cannot tolerate or do not respond to other
TB treatments. Pretomanid 9 works by inhi-
biting the growth of the tuberculosis bacteria.
Atogepant 10, marketed under the brand name
Qulipta™, is used for the preventive treatment
of migraines in adults, including both episodic
and chronic migraines. It belongs to the class
of CGRP receptor antagonists, which work by
blocking CGRP, a protein involved in migraine
pain and inflammation. For each drug, we dis-
cuss its discovery, mode of biological activity,
and detailed synthesis. Whenever possible, we
examine the impact of fluorination on the bio-
logical profile of the drug.

Ivosidenib (Tibsovo) 1.

Ivosidenib was approved as an inhibitor of
mutated cytosolic isocitrate dehydrogenase
(IDH1) for the treatment of patients with re-
lapsed or refractory AML. Following FDA ap-
proval, ivosidenib received orphan drug status
for glioma in the United States. The drug was
developed and licensed by Agios Pharmaceu-
ticals in collaboration with Celgene Corpora-
tion and CStone Pharmaceuticals. Ivosidenib
1 has also shown promising potential for the
treatment cholangiocarcinoma with an IDH1
mutation [66].

Fluorine plays a fundamental role in the
bioactivity of ivosidenib as substitution of
fluorine at the 5-position of the pyridine ring
imparts nanomolar potency in enzyme and
cell-based assays while also enhancing meta-
bolic stability. The introduction of a difluoro-
cyclobutyl moiety contributes to metabolic
stability, albeit causing a slight reduction in
potency [67].
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A multihundred gram-scale synthesis [67,
68] of 1 starts with the preparation of isocy-
anide 13 from commercially available 3,3-di-
fluorocyclobutan-1-amine hydrochloride (11)
(Scheme 1). This two-step process starts with
the reaction of 11, trimethylamine, and an ex-
cess of ethyl formate at 85 °C. After extraction
with ethyl acetate and trituration with hexane,
N-(3,3-difluorocyclobutyl)formamide (12) is
isolated in 86% yield. In the second step, for-
mamide 12 is treated with triphenylphosphine
and triethylamine under nitrogen at 45 °C.
Subsequent purification by chromatography
over silica gel provides isocyanide 13 in 76%
yield. Alternatively, a synthesis developed by
Agios Pharmaceuticals uses the same strategy
but derives amine 11 from 3-oxocyclobutane-
carboxylic acid. Here, the amino group re-
places the carboxylic acid through a Curtius
rearrangement of the corresponding acyl azide
while fluorine is introduced via the reaction of
the keto group with diethylaminosulfur trifluo-
ride. Two protocols were employed differing in
the sequence of functionalization [69].

A four-component Ugi coupling reaction
[70] involving isocyanide 13, benzaldehyde 14,
5-fluoropyridin-amine 15, and (S)-pyroglu-
tamic acid 16 yielded a diastereomeric mixture
of the phenyl glycine intermediate 17 in 46%
yield after purification by chromatography
over silica gel. The final step involved a Buch-
wald-Hartwig Pd-mediated coupling reaction
[71,72] of compound 17 with 2-bromoisonico-
tinonitrile resulting in a diastereomeric mix-
ture of compound 1. Chiral resolution through
crystallization provided ivosidenib 1 in 22%
isolated yield. While chromatographic purifi-
cation facilitates isolated yield, it significantly
increases the overall cost. In this regard it is
worth highlighting the recently developed in-
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tegrated simulated moving bed and self-dis-
proportionation of enantiomers (SDE) tech-

niques as a potentially highly efficient method
for enantiomer purification [73, 74].
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Scheme 1. Synthesis of ivosidenib 1.

Ubrogepant (Ubrelvy™) 2.

Ubrogepant 2 (Fig. 2), developed by Aller-
gan and licensed from Merck, has received FDA
approval for the acute treatment of migraines.
Employing a similar structural design of cyclic
a,0-diamino acid and a chiral spirotetracyclic
moiety, Merck successfully synthesized seve-
ral non-fluorinated compounds, e.g. 18, 19, as
piperidinone carboxamide azaindane CGRP
receptor antagonists [75]. The treatment of mi-
graines and CGRP receptor antagonists target
the CGRP pathway which plays a crucial role
in migraine pathophysiology. CGRP is a neu-

ropeptide involved in vasodilation and pain
transmission and its overactivity is associated
with migraine attacks. CGRP receptor antago-
nists, such as piperidinone carboxamide azain-
dane derivatives, work by blocking the CGRP
receptor thereby preventing the peptide’s ef-
fects and alleviating migraine symptoms. This
mechanism aligns with the bioactivity of other
migraine treatments that target the CGRP
pathway, including monoclonal antibodies and
small-molecule antagonists like ubrogepant 2
and atogepant 10 [76-78].

ubrogepant (Ubrelvy™)

Fig. 2. The structures of ubrogepant 2 and its non-fluorinated analogs 18 and 19.

https://ucj.org.ua
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The structure and preparation of ubroge-
pant 2 and its related molecules were initially
detailed in a patent filed by Merck [79]. The
synthesis involved separately preparing the two
key components of ubrogepant-a spirocyc-
lic carboxylic acid and an aminopiperidinone
molecule-before utilizing a coupling agent to
form the amide bond between them. Subse-
quent Merck patents [80, 81] introduced slight
modifications to the original synthesis.

A comprehensive description of these syn-
thetic advancements, including yields, was
later published in an academic article [82]. In
the improved synthesis, the N-protected race-
mic serine ester 20 (Scheme 2) underwent de-
hydration to yield compound 21 which was
then subjected to a Michael addition to pro-
duce keto amino ester 22. Compound 22 was
cyclized into product 23, comprising a mix-
ture of C-3 epimers, through dynamic kinetic

transamination with an enzyme tailored spe-
cifically for this reaction. Under basic condi-
tions, the C-3 stereogenic center inverts favor-
ing the desired configuration. N-alkylation of
the diastereomeric mixture 23 was then per-
formed requiring the highly reactive reagent
CF,CH,OT{. Careful optimization was crucial
to minimize alkylation on both nitrogen atoms.
The crude products 24 and 25 were subjected
to selective Boc deprotection whereby unre-
acted compound 23 was initially deprotected
and removed followed by the deprotection
and separation of 24 from the double alkyla-
ted byproduct 25. The mixture of diastereome-
ric amines 26 was treated with p-toluic acid
to form a crystalline salt and a 3,5-dichloro-
salicylaldehyde catalyst for C-3 epimerization
via reversible imine formation inducing a dia-
stereoselective transformation.

o]
- Pr-"i-0,C NHBoc
Pr-i-0;C._NHBOC MsCI Et;N  Pr7-0,C. _NHBoc Ph._Jh_ 2 FPrNH,
\[ \[r o} DMSO
enzyme
OH DMF 21 Cs,CO4; DMSO
20 83% ) 22
o Ph 80%
9 CF
H\N NHBoc Buli CF; O CF; O r 3
— CF3CH,OTF L NHBoc | NBoc 3 NHCI
N N _—
+ 83%
Ph 23
Ph 24 Ph 25
CF3 O CF3 O @
N NH2  p-toluic acid N NH3 /©/
N
- . - )
0,C
88%
Ph 26 Ph 27

Scheme 2. Preparation of fluorinated aminopiperidinone 27.

The preparation of spirocyclic carboxylic
acid 35 began with 2,3-dibromo-5-chloropyri-
dine 28 (Scheme 3). Selective halogen-lithium
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exchange was followed by the introduction of
a formyl group at the C-3 position and its im-
mediate reduction using NaBH,. The resulting

ISSN 2708-129X. YKp. XiM. XypH., 2025



Jianlin Han, Alicja Wzorek, Taizo Ono, Karel D. Klika, Vadim A. Soloshonok

UCJ Nz 6 / Vol. 91

compound 29 was O-protected with 3,4-di-
hydro-2H-pyran (DHP). A second selective
halogen-lithium exchange facilitated the ad-
dition of a formyl group at the C-2 position.
Condensation of aldehyde 30 with N-(tert-bu-
tyl)-azaindolone yielded alkene 31 with a Z
configuration for the double bond. Subse-
quent reduction of the newly formed C=C
double bond and O-deprotection produced
racemic alcohol 32. The hydroxyl group was
replaced with chlorine by reaction with SOCI,

1. iPrMgCl
O BT 2 NaBH, OISy 2:MeTHF
» | 2. PrMgCl; 3. DMF
N™ "Br 93% N~ "Br - .
28 29
=
1. NaBH,
< N 2.6 NHCI Cl
N \
cat. DBU BY 86%

1. K,COs, cat. Pd(Oac),/

yielding 33. Enantioselective spirocyclization
of compound 33 was achieved using a cin-
chona-derived chiral phase-transfer catalyst
forming product 34. The final steps included
carbonylation and removal of the N-tert-bu-
tyl group to yield spirocyclic carboxylic acid
35. This compound was then coupled with
aminopiperidinone salt 27 in the presence of
1-ethyl-3-(3-dimethylaminopropyl)carbodii-
mide (EDC) ultimately leading to the formation
of ubrogepant 2.

cl
N otHe
P - .

N~ "CHO

1. DHP cat H,S0,

97%

30

chiral catalyst Cy5P(CH,);PCy,
PTC conditions 2. con. HCI
- . HO,C
94%
(ﬂza O o
NH
CF,; O
N le] /©/ 3
0,C EDC N
2-hydroxypyridine-
Ph 27 N-oxide

Ubrogepant (Ulbrelvy ™)

Scheme 3. Synthesis of ubrogepant 2.

Asciminib (Scemblix’) 3.

Asciminib 3 is a potent, small-molecule,
orally bioavailable, and selective allosteric in-
hibitor developed by Novartis for the treat-
ment of hematologic malignancies, including
Philadelphia  chromosome-positive  (Ph+)

https://ucj.org.ua

CML [83, 84]. It received FDA approval for
two distinct indications in CML [83]. In vit-
ro anticancer activity tests against leukemia
cell lines MV411 (ATCC) and K562 (ATCC)
demonstrated that asciminib 3 exhibits signifi-
cant inhibitory activity with cellular IC,  values
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of 8.65 pmol/L and 0.32 pmol/L for K562 and
MV411, respectively. In contrast, its structu-
rally similar analog 36 (Fig. 3) displayed only
moderate activity against these cell lines (K562,
IC,,>30 umol/Land MV411,IC, >30umol/L).
These findings highlight the importance of the
chlorodifluoro group in asciminib 3 which
plays a crucial role in inducing inactive tar-
get conformations. Additionally, the pyrazole
ring in asciminib 3’s structure helps mitigate
human ether-a-go-go-related gene (hERG)
toxicity [84, 85]. As an allosteric inhibitor, as-
ciminib 3 targets ABL1 by binding to its myris-
toyl pocket, thereby inhibiting BCR-ABLI ac-

HO

o
.

| H
SRl G Y,
-NH (0]
N o’ku
asciminib 3

K562 ICsq = 8.65 pmol/L
MY411 ICsy = 0.32 umol/L

tivity. This mechanism distinguishes it from
competitive inhibitors like imatinib, dasatinib,
and nilotinib which act at the ATP binding site
[86-89]. Due to its unique allosteric regulato-
ry mechanism, asciminib 3 not only inhibits
wild-type ABL1 kinase but also demonstrates
potent activity against the T315I-mutated
ABLI significantly minimizing the off-target
effects associated with ATP-binding site inhi-
bitors. The FDA granted accelerated approval
to asciminib 3 for the treatment of newly di-
agnosed adult patients with Philadelphia chro-
mosome-positive CML in the chronic phase
(Ph+ CML-CP) [83].

HO

36
K562 ICsy > 30 pmol/L
MY411 ICsq > 30 pmol/L

Fig. 3. The structures and bioactivity data for asciminib 3 and its fluorine-free analog 36.

Several research groups [84, 90, 91] have de-
tailed the synthesis of asciminib 3. One stream-
lined approach (Scheme 4) utilizes 5-bro-
mo-6-chloronicotinic acid (37) as the starting
material [84] which is reacted with SOCI, in
the presence of dimethyl formamide (DMF) to
yield the acyl chloride intermediate. The acid
chloride is then treated with 4-(chlorodifluo-
romethoxy)aniline and diisopropylethylamine
(DIPEA) as the base in tetrahydrofuran (THF)
at room temperature producing amide 38 in
77% vyield. Next, amide 38 undergoes substi-
tution by (R)-pyrrolidin-3-ol (39) under basic

24

conditions [92] at elevated temperatures form-
ing intermediate 40. A Suzuki-Miyaura coup-
ling reaction in which compound 40 reacts
with (1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)boronic acid pinacol ester (41) creates
intermediate 42. The final step involves trea-
ting intermediate 42 with trifluoroacetic acid
(TFA) in dichloromethane (DCM) providing
asciminib 3 in an impressive 77% yield. This
method showcases efficient synthetic strategies
with significant yields highlighting the preci-
sion required for the development of such a
complex molecule.
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1. SOCl,, DMF, toluene, 80 °C ©!

)

2. DIPEA, THF, rt

CCIFZ

p*

w-0

2ol

0]
o}

w
39

CC'FZ DIPEA, iPrOH, 140 °C

38, 77%

N H ﬁ
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_CCIF

0 o CCIF2
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N

DCM, 10 °C
~

asciminib 3
7%

Pd(PPh3)4, K3PO,
toluene, 110 °C
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S,
= = N

\ CCIF
N 0/

Scheme 4. Synthesis of asciminib 3.

Omaveloxolone (Skyclarys™) 4.

Omaveloxolone 4, an orally active small
molecule developed by Reata Pharmaceu-
ticals Inc., stands out as a powerful activator
of the transcription factor Nrf2 (Fig. 4) [93].
Nrf2 serves as the primary regulator of phase
IT cellular antioxidant responses playing a cri-
tical role in neuroprotection and detoxification
[94]. Under normal conditions, Nrf2 remains
bound to the protein KEAPI1 in the cytosol
where it is ubiquitinated and degraded [95].
However, during oxidative stress, ubiquitina-
tion is inhibited allowing Nrf2 to translocate
to the nucleus and activate genes that contain
antioxidant response elements (ARE).

Omaveloxolone 4, along with related triter-
penoids bardoxolone methyl 44 and 2-cyano-

https://ucj.org.ua

3,12-dioxoolean-1,9-dien-28-oic acid (CDDO)
43, features a cyanoenone moiety that enables
covalent and reversible binding to KEAPI.
This binding blocks ubiquitination and protea-
somal degradation of Nrf2 thereby stimulating
the intracellular antioxidative pathway [95,
96]. Among these triterpenoids, omaveloxo-
lone 4, modified with a 1,1-difluoroethylamide
moiety, has been identified as one of the most
potent activators of ARE activity exhibiting
over a 16-fold increase at 62.5 nM in an Nrf2-
GST-ARE luciferase reporter assay [97].
Omaveloxolone 4 has also earned FDA ap-
proval as the first therapeutic for Friedreich’s
ataxia, a rare inherited degenerative disorder
that impacts the nervous system. This con-
dition manifests through symptoms such as
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impaired muscle coordination, difficulty walk-
ing, poor balance, and changes in speech and
swallowing [98]. The unique mechanism and

2-cyano-3,12-dioxo-olean-1,9-
dien-28-oic acid (CDDO) 43

bardoxolone methyl 44

therapeutic efficacy of omaveloxolone high-
light its significant contribution to modern
medicine.

omaveloxolone 4

Fig. 4. The structures of compounds 43, 44, and omaveloxolone 4.

The synthesis of omaveloxolone 4, deve-
loped by Reata Pharmaceuticals Inc., begins
with compound 46 as the starting material
(Scheme 5) [99]. The precursor, diketo acid
CDDO 46, is derived in 11 steps from the natu-
rally occurring oleanolic acid 45 in an overall
yield of 29% [100]. To transform compound 46

Ref. 15

E—

11 steps

NC

into azide derivative 47, diphenylphosphoryl
azide is used in the presence of triethylamine
with toluene as the solvent at room tempera-
ture. After purification by chromatography
over silica gel, acyl azide 47 is obtained in an
impressive 94% yield.

(PhO),PON4

Et3N, toluene
rt, overnight

benzene HCI, MeCN
Ny —/——
80°C,2h rt, 1h
(@]
CH;CF,CO,H, DCC

NC NH; NC N
DMAP, CH,Cl, I FOF

rt, overnight H

o]
omaveloxolone 4

Scheme 5. Synthesis of omaveloxolone 4.
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The acyl azide 47 then undergoes a Curtius
rearrangement through heating in anhydrous
benzene forming isocyanate 48. Without re-
quiring isolation, isocyanate 48 is hydrolyzed
by treatment with HCI in acetonitrile at room
temperature yielding amine 49 with preserva-
tion of its configuration. Omaveloxolone 4 is
finally obtained through peptide-like coup-
ling reactions between amine 49 and 2,2-di-
fluoropropanoic acid. The carboxylic group
of 2,2-difluoropropanoic acid is pre-activated
using dicyclohexylcarbodiimide (DCC), enab-
ling the formation of the desired product. After
purification by chromatography over silica gel,
omaveloxolone 4 is obtained in a commenda-
ble 73% yield from compound 46 over 4 steps.
This synthesis reflects the precision and efhi-
ciency required to produce such a complex
molecule demonstrating innovative approa-
ches in modern medicinal chemistry.

Flurpiridaz (**F) (Flyrcado’) 5.

Flurpiridaz (**F) 5 has received FDA ap-
proval as a radioactive drug for myocardial
perfusion imaging, a critical tool in diagnos-
ing coronary artery disease [101]. Labeled
with the radioisotope fluorine-18 (B* decay),
this diagnostic agent serves as a tracer for PET.
PET-MPI using flurpiridaz (**F) 5 has demons-
trated superiority over the more widely used
single photon emission computed tomogra-
phy (SPECT) which typically employs techne-
tium-99m [102, 103].

The efficacy of flurpiridaz (*F) 5 in PET
imaging is made possible by radiofluoroalkyla-
tion, leveraging the unique properties of fluo-
rine-18. This isotope offers distinct advantages,
including a clinically practical half-life of 109.8
minutes compared to other PET radiotracers
such as nitrogen-13 (~10 minutes), oxygen-15

https://ucj.org.ua

(~2 minutes), and rubidium-82 (~76 seconds),
or the SPECT radiotracer technetium-99m
(6 hours) [104]. The extended half-life of fluo-
rine-18 eliminates the need for on-site cyclotron
facilities as transportation from an oft-site fa-
cility becomes feasible [105]. Moreover, radio-
fluorination provides additional benefits, such
as reduced positron energy, which enhanc-
es image resolution [106]. This improvement
translates into superior diagnostic and prog-
nostic capabilities enabling the detection of
even subtle circulatory abnormalities [107].
Flurpiridaz (**F) 5 exemplifies how cutting-edge
radiotracer technology can revolutionize medi-
cal imaging and disease detection.

Flurpiridaz (**F) 5 exhibits rapid uptake and
slow excretion by myocardial cells ensuring
effective imaging while being well tolerated
and demonstrating a high myocardial extrac-
tion fraction [104, 108]. Pharmacologically, its
mechanism of action involves binding to and
inhibiting mitochondrial complex 1 (MC1) in
the heart [104]. Structure-activity studies have
revealed that introducing fluorine into the
alkyl side chain significantly enhances MCI
binding affinity compared to its incorporation
into the pyridazinone core [109].

From a chemical perspective, flurpiridaz
(*®F) 5 is a derivative of the pesticide pyrida-
ben due to its tert-butyl-substituted pyridazi-
none moiety [108]. Its molecular architecture
is composed of two main components: a li-
pophilic heterocyclic headpiece (the tert-bu-
tyl-substituted pyridazinone) and an alkylated
phenyl sidechain. These two units are bridged
by a linker containing an ether group which
contributes to the molecule’s unique properties
[109].

The synthesis of flurpiridaz (**F) 5 be-
gins with 4-hydroxymethyl benzoate as the
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starting material (Scheme 6) [109]. The first
step is the ring-opening of ethylene oxide by
4-hydroxymethyl benzoate in DCM facilitated
by BF,-OEt, to provide methyl-4-(2-hydroxy-
ethoxymethyl)benzoate (50) in 17% yield.
Subsequently, the alcohol functionality is

protected at room temperature using tert-bu-
tyldimethylsilyl chloride (TBDMSCI) yielding
4-[2-(tert-butyldimethylsilanyloxy)ethoxyme-
thyl]benzoic acid methyl ester (51). Reduction
of 51 with LiAlH, provides alcohol 52 in an
impressive 91% yield.

o] 1.DCM, -10 °C o oH
2. BF3*OEty, DMF, imidazole 0 OTBMS
MeO 45 min MeO TBDMSCI
OH o . MeO
3. rt, 30 min rt, overnight 0
50, 17%
a 51, 84%
OoH oTBMS ><N al 0
THF, Yol 53 N cl
LiAIH, N T
o OH N THF, TBAF
m3h o) oTBMS @—————
52, 91% THF, PPha, DIAD . 1h
i, 20 h
o
o) 54, 89%
cl O
N DeM. % cl
n | TsCl, N o
~y
(o} OH  DMAP, N Ts >< cl 18
\ EtsN o] o~ K18F rlu | F
55, 78% o N \
’ o)

56, 82%

flurpiridaz ('8F) 5

Scheme 6. Synthesis of flurpiridaz (**F) 5.

The next critical step employs a Mitsunobu-
like reaction in which alcohol 52 reacts with
4-chloro-5-hydroxy-2-tert-butyl-(2H)-pyri-
dazin-3-one (53) using PPh, and DIAD as re-
agents to produce intermediate 54 [110]. The
synthesis of pyridazinone derivative 53 has
been well-documented in the literature [111].
Removal of the TBDMS protecting group from
ether 54 is achieved with tetra-n-butylammo-
nium fluoride (TBAF) in THF yielding alco-
hol 55 [112]. This intermediate is then con-
verted into the sulfonate ester 56. Finally, the
sulfonate ester 56 undergoes substitution by
potassium fluoride (K'®F) in the presence of

28

Kryptofix222 [113] (4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8]hexacosan) at 90 °C
for 10 minutes, culminating in the formation
of the desired flurpiridaz (**F) 5. This method
elegantly showcases the precision and optimi-
zation required to create such a sophisticated
molecule.

The aforementioned synthesis faced signifi-
cant challenges, primarily due to its inefficiency
and reliance on hazardous reagents. The ove-
rall yield falls below 10% with the first step—
forming ether 50—achieving a meager yield of
just 17%. Compounding the issue, this step in-
volved the use of ethylene oxide, a volatile and
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carcinogenic gas known to cause respiratory
irritation [114, 115]. Handling this reagent
proved problematic, not only due to its toxici-
ty, but also because of its high volatility posing
risks in both safety and practicality. To address
these limitations, Ahmed and co-workers de-
vised an alternative synthesis pathway that
entirely circumvented the risky alkylation pro-
cess. Instead, they employed a silver oxide-pro-
moted reaction between methyl 4-(bromome-
thyl)benzoate and 2-((tert-butyldimethylsilyl)
oxy)ethanol to produce intermediate 50. This
innovative approach not only enhanced safe-
ty but also significantly improved efficiency,
boosting the overall yield approximately five-
fold [107]. Their work stands as a testament to
the potential of optimized synthesis routes in
overcoming challenges while achieving supe-
rior results.

Upadacitinib (Rinvoq™) 6.

Upadacitinib 6, a remarkable innovation
first discovered by Abbott Laboratories and
further refined by its spin-off AbbVie Inc.,
achieved a major breakthrough with FDA
approval. This approval was granted for the
treatment of adults with moderate to severe
rheumatoid arthritis who had an inadequate
response or were intolerant to methotrexate
(Fig. 5). The journey to upadacitinib’s creation
involved a thorough and meticulous structu-
ral investigation centered on its critical tri-
cyclic core. By systematically varying the hete-
rocyclic cores, the side chain, and the amido
moiety, researchers fine-tuned the molecule’s
design. This effort ultimately led to the deve-
lopment of upadacitinib 6, distinguished by a
2,2,2-trifluoroethyl substitution on the nitro-
gen atom—an essential feature that enhances
its therapeutic effectiveness [116, 117].

upadacitinib

Fig. 5. Structure of upadacitinib 6 and its non-fluorinated analog 57.

Rheumatoid arthritis is a complex syste-
mic autoimmune disorder marked by chronic
inflammatory synovitis and the relentless de-
struction of joints. At its core, these patholo-
gical processes are driven by inflammatory cy-
tokines and autoreactive T cells. A critical play-
er in this cascade is the family of Janus kinases
(JAKSs), which serve as pivotal mediators in cy-
tokine-activated cell signaling pathways. Their

https://ucj.org.ua

phosphorylation triggers a chain of events that
exacerbate rheumatoid arthritis and other auto-
immune diseases. The JAK family comprises
four members-JAK1, JAK2, JAK3, and TYK2-
each with unique and highly specialized roles
in regulating immune responses. Recognizing
this, researchers have developed a spectrum of
JAK inhibitors with varying selectivities, many
of which have progressed to clinical trials
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including upadacitinib 6 [116]. Upadaciti-
nib 6, a selective JAK1 inhibitor, boasts impres-
sive specificity with an IC_ of 0.043 mmol/L
for JAK1 compared to 0.2 mmol/L for JAK2,
2.3 mmol/L for JAK3, and 4.7 mmol/L for
TYK2. This targeted selectivity has translated
into demonstrated efficacy, safety, and tolera-
bility during clinical trials in patients with va-
rious autoimmune conditions showcasing its
potential as a transformative treatment option.

For rheumatoid arthritis, following the suc-
cess of Phase II trials, multiple Phase III trials
were conducted on patients who had either an
inadequate response to conventional synthe-
tic disease-modifying antirheumatic drugs or
were refractory to biologic disease-modifying
antirheumatic drugs [118-120]. Across all tri-
als, upadacitinib 6 demonstrated both safety
and eflicacy, though higher doses were associ-
ated with a slight increase in infection risk. No-
tably, an additional Phase III trial revealed that
upadacitinib 6 outperformed adalimumab in
terms of efficacy [121]. In patients with mode-
rate to severely active Crohn’s disease who had
not responded well to or could not tolerate im-
munomodulators or anti-TNF therapy, a Phase
IT trial demonstrated both symptomatic and
endoscopic remission [122]. The safety profile
observed was consistent with other studies of
upadacitinib 6 and Phase III trials are current-
ly underway [123]. Similarly, a Phase II study
evaluating upadacitinib 6 in patients with ul-
cerative colitis revealed a clear dose-response
relationship [124]. For individuals with active
ankylosing spondylitis who failed to respond
adequately to or could not tolerate non-steroi-
dal anti-inflammatory drugs, the Phase II/III
SELECT-AXIS 1 trial established that a 15 mg
dose of upadacitinib 6 was both effective and
welltolerated. Notably, no cases of serious in-
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fections, herpes zoster, malignancy, venous
thromboembolic events, or deaths were re-
ported. Recruitment for a Phase III study is
currently ongoing. In the case of moderate
to severe atopic dermatitis, upadacitinib 6
demonstrated strong efficacy and maintained a
favorable benefit-risk profile. While infections
were more common among upadacitinib-
treated patients compared to those receiving
a placebo, serious infections were rare [125].
Additionally, Phase III trials are advancing for
psoriatic arthritis and giant cell arteritis fur-
ther expanding the therapeutic potential of
upadacitinib 6.

Synthetic pathways leading to upadacitinib
6 are documented exclusively within patents.
The initial patent from Abbott Laboratories,
which first disclosed the structure of upada-
citinib 6, includes details of its synthesis. How-
ever, the fragmented presentation of substeps
scattered throughout the document renders
the reconstruction of the complete synthetic
pathway particularly challenging [126]. A sub-
sequent patent filed by AbbVie is comparative-
ly more accessible, but its vague procedural
descriptions introduce ambiguity complicat-
ing the reproducibility of the synthesis [127].
In contrast, a 2017 AbbVie patent provides a
detailed and coherent synthetic pathway of-
fering greater clarity and precision in the step-
by-step process. The synthesis begins with the
construction of the pyrrolidine-containing
segment derived from a Cbz-protected gly-
cine ester 58 (Scheme 7). This compound un-
dergoes a reaction with ethyl acrylate through
conjugate addition followed by an intramole-
cular Claisen condensation leading to the for-
mation of ester intermediate 59. Subsequently,
intermediate 59 undergoes O-sulfonylation to
prepare 60 for use in the next step where an
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ethyl group is introduced via a Suzuki cross-
coupling reaction producing compound 61.
The ester functionality in 61 is then hydroly-
zed to afford acid 62 followed by enantioselec-
tive hydrogenation to give cyclic B-amino acid
[128] isolated as a salt with dicyclohexylamine

63. While it has been reported that [(S)-seg-
phos]Ru(OAc),-catalyzed enantioselective hy-
drogenation proceeded with >99% enantiose-
lectivity, this claim is not supported by ruling
out enantiomeric enrichment via SDE [129,
130] during the isolation procedure.

ZCO,E o THO ors  PdCla(dppf)
CbzHN. _COEt  1BUONa Bzc—N/\:/[ DPEA BzC—Ni KoCOs, EtB(OH),
CO,Et .
58 THF; 82% 59 = ey 60 CO4E 91%
1. NaOH 1. [(S)-segphos]Ru(OAc), BzC—NCf\O
BzC—N | 2.HCI BzC—N | 2. Cy,NH ® vCo;
. -, CyoNH
61 COEL o 62 COH 90%, >99% ee 2R es

Scheme 7. Asymmetric synthesis of cyclic amino acid 63 from glycine 58.

Following purification, salt 63 was conver-
ted into (R)-1-(naphthalen-1-yl)ethanamine
salt 64 (Scheme 8) which was subsequently
transformed into pyrrolidine carboxylic acid
65. The carboxylic acid group of 65 was mod-
ified into a COCH_Br group, compound 67,
using sulfoxonium ylide 66. This reactive in-
termediate, compound 67, was then employed
in the N-alkylation of the carbamate moiety
within heterocyclic compound 68.

The resulting intermediate, compound 69,
underwent cyclization with trifluoroacetic an-
hydride to form compound 70. This was fol-
lowed by hydrogenolytic deprotection of the
Cbz group yielding compound 71. In the final
step, carbonyldiimidazole (CDI) and 2,2,2-tri-
fluoroethylamine were utilized to establish the
carbamide functionality to complete the syn-
thesis of the target molecule upadacitinib 6
[131, 132].

2,2,2-Trifluoroethylamine, along with other
trifluoromethyl amines and amino acids, can
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be synthesized through biomimetic transami-
nation of corresponding carbonyl compounds
using benzylamine or its derivatives [133-136].
Particularly noteworthy, as shown in Scheme 9,
is the preparation of 2,2,2-trifluoroethylamine
from TFA (72) through a ‘double’ biomimetic
transamination involving a single molecule of
benzylamine. This innovative approach begins
with the in situ formation of amide 73 which
is subsequently transformed into imidoyl chlo-
ride 74. Following this, the first biomimetic
1,3-proton transfer generates imine 75. A chlo-
rotropic shift then converts imine 75 into imi-
ne 76 which undergoes a second biomimetic
1,3-proton transfer yielding imidoyl chloride
77. This intermediate 77 can be isolated and,
through two hydrolytic steps, transformed into
the desired 2,2,2-trifluoroethylamine. Remar-
kably, despite involving a seven-step process,
this method achieves an exceptional isolated
yield of over 90% underscoring its efficiency
and practicality [137].
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Scheme 9. Synthesis of 2,2,2-trifluoroethylamine via ‘double’ biomimetic transamination.

Tezacaftor (Symdeko™) 7.

Symdeko™, a coformulation of tezacaftor 7
and ivacaftor (Fig. 1) developed by Vertex
Pharmaceuticals, represents a significant ad-
vancement in the treatment of cystic fibrosis.
Approved by the FDA, it addresses this de-
bilitating condition marked by the buildup
of thick, sticky mucus in the lungs, pancreas,
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gastrointestinal tract, and reproductive system
[138]. The root cause lies in mutations of the
CFTR gene with the F508del mutation being
one of the most prevalent [139]. Tezacaftor 7
and ivacaftor function in a complementary
manner to combat the effects of this mutation.
Tezacaftor 7 acts as a corrector, enhancing the
transport of functional CFTR protein to the
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cell membrane. Meanwhile, ivacaftor serves
as a potentiator helping to open the chloride
channel within the CFTR protein. This dual
mechanism promotes water movement out of
the cells effectively reducing mucus viscosity
and alleviating symptoms associated with cys-
tic fibrosis.

The synthesis of tezacaftor 7, developed by
Auspex Pharmaceuticals, is a sophisticated
process involving the preparation of two key
intermediates [140]. The process begins with
the carbonylation of aryl bromide 78 (Scheme
10) where palladium catalysts and an atmos-
phere of carbon monoxide in methanol are
employed to produce methyl ester 79. This
intermediate is then reduced using LiAlH, to
yield primary alcohol 80. To further functio-

Br Pd(dba)s/Pd(dppf)Cl; CO,Me
F><°:©’ CO (10 atm); MeOH FXOD/ 2
FF o F©- o

78

" ﬁ
CO5H

2
NaOH
F><O

sozc|2 NaCN

85% 92%

S0,Cl,

E—

F_0
99% F><o

nalize the molecule, the alcohol group in com-
pound 80 is replaced with a chloride forming
compound 81. A nucleophilic substitution
with sodium cyanide transforms 81 into nit-
rile derivative 82. The cyclopropane ring is
then introduced via phase-transfer catalysis
utilizing 1-bromo-2-chloroethane, to produce
cyclopropane derivative 83. In the next step,
compound 83 undergoes nitrile hydrolysis
with aqueous hydroxide yielding free acid 84.
Finally, the carboxylic acid group of 84 is con-
verted into the reactive chloroanhydride 85
through treatment with thionyl chloride. This
meticulously designed, high yielding synthetic
pathway highlights the precision and strategic
optimization integral to the development of

tezacaftor 7.

LiHg, THF

X ﬁ "o | x@/v*

92"/

CocCl

85

Scheme 10. Synthesis of key compound 85.

The synthesis of the second key interme-
diate began with the preparation of terminal
alkyne 89 (Scheme 11). This process involved
a precise four-step sequence. First, ethynyl-
trimethylsilane was added to acetone in the
presence of butyllithium resulting in the for-
mation of alcohol 86. Next, alcohol 86 was
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transformed into alkyl chloride 87. In the third
step, the corresponding Grignard reagent was
generated and reacted with compound 87
yielding benzyl ether 88. Finally, the trimethyl-
silane protecting group was removed through
a potassium hydroxide-mediated methanolysis
producing the target alkyne ether 89.
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Scheme 11. Synthesis of intermediate 89.

The synthesis of the second key intermedi-
ate and the assembly of tezacaftor 7 began with
the bromination of 3-fluoro-4-nitroaniline
(90) (Scheme 12) yielding aryl bromide 91.
This was followed by alkylation of the amino
group using optically pure epoxide 92 produc-
ing amino alcohol 93. The nitro group in 93
was then reduced using a combination of zinc
and ammonium chloride in ethanol resulting
in aniline derivative 94. Aniline 94 was sub-
sequently subjected to a palladium-catalyzed
coupling reaction with acetylene derivative 89
(Scheme 11) forming product 95. The next step

involved a palladium-catalyzed intramolecular
cyclization of 95 which generated the second
key intermediate indole 96.

The synthesis of tezacaftor 7 was accom-
plished by coupling indole derivative 96 with
acyl chloride 85 (Scheme 10) by straightforward
amide bond formation where the amino group
of 96 reacts with the acyl chloride group of 85 in
the presence of triethylamine. A hydrogenation
step completes the process yielding tezacaftor 7
in moderate yield. This synthesis showcases a
logical and efficient sequence of transforma-
tions to achieve the desired molecule.

o
F NH, E NH
Br,, AcOH 2 B
PSR S il P
O:N 61%  ON Br OH
90 91 84% O:N Br o3
OBn
A~ F NH/\;/\OBn
Zn,NH,Cl F NH ™~~~ "OBn | | Pd(OAc), &H
60%  H,N Br 86% ’ X o8
94 cocl
OBn O
H,N F>< \
Pd(MeCN), N ) 85 >< W
F N H,/Pd/C
BnO
_<\ 43%
96 OH 0 Tezacaftor 7 OH

Scheme 12. Synthesis of tezacaftor 7.
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Alpelisib (Pigray™) 8.

Alpelisib 8, a highly potent phosphatidy-
linositol-3 kinase a (PI3Ka) inhibitor, was
developed by Novartis for the treatment of
breast cancer [141-143]. The 2-aminothiazole
scaffold has proven to be an exceptional tem-
plate for designing selective PI3K inhibitors,
particularly when paired with a urea-linked,
sterically constrained (§)-pyrrolidine carbox-
amide unit (an amide of pyroglutamic acid)
attached to the 2-amino group of 97 (Fig. 6)

[144].

o) ’QH

fNHQ

G“ (

//_NHz

acs

Alpelisib 8 stands out as a chiral 2-amino-
thiazole derivative, optimized with an (S)-py-
rrolidine carboxamide moiety linked via a urea
bond, making it the most effective candidate
within this PI3K inhibitor class. The inclu-
sion of a trifluoromethyl group significantly
enhanced its potency delivering robust dou-
ble-digit nanomolar inhibition of PI3Ka-de-
pendent Akt activation. In comparison, com-
pound 98 (Fig. 6), which featured a tert-butyl
group instead of a trifluoromethyl group, dis-
played noticeably reduced activity.

Q"(NJ\

;ﬁ_NHZ
8
alpelisib

CF4
=N

Fig. 6. The structures of alpelisib 8 and its fluorine-free analogs 97 and 98.

In an assay for the inhibition of p110a,
p110PB, p1106, and p110y activity, alpelisib 8
achieved impressive IC,  values of 0.005, 1.2,
0.29, and 0.25 mmol/L, respectively, while
fluorine-free 98 exhibited weaker IC, values of
0.014, 4.4, 0.33, and 0.43 mmol/L, respectively.
Additionally, metabolic stability assessments
using rat liver microsomes showed that alpeli-
sib 8, with a -CF, group, demonstrated dra-
matically reduced in vitro clearance compared
to 98. Despite its excellent activity against
wild-type PI3Ka, alpelisib 8 displayed rela-
tively lower efficacy against PI3Kp, PI3K§, and
PI3Ky [141, 142]. Approved by the FDA under
the trade name Piqray™ for the treatment of
HR+, HER2-negative, and PIK3CA-mutated
advanced or metastatic breast cancer, alpelisib
8 is administered in combination with fulves-
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trant, offering new hope for patients battling
this challenging disease [145].

The synthesis of alpelisib 8 (Scheme 13)
[141] hinges on a pivotal Pd-catalyzed cou-
pling between 4-methyl-2-acetaminothiazole
(104) and 4-bromopyridine intermediate 103.
The process begins with chloride 100 prepared
from  3,3,3-trifluoro-2,2-dimethylpropanoic
acid and oxalyl chloride. Chloride 100 is then
reacted with 4-methoxybut-3-en-2-one 99
in the presence of lithium bis(trimethylsilyl)
amide (LiIHMDS) at —78 °C. The reaction pro-
gresses through enolization of 99, substitution
of the chlorine in 100, a secondary enolization
of the resulting 1,3-diketone, and a TFA-me-
diated cyclization which substitutes the meth-
oxy group to yield 4H-pyran-4-one interme-
diate 101. The next step involves amination of
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4H-pyran-4-one intermediate 101 with ammo-
nia at 65 °C, producing pyridin-4(1H)-one 102.
Treatment of 102 with POBr, affords bromide
intermediate 103, albeit in only 51% yield. The
Pd-catalyzed coupling between intermediate
103 and 4-methyl-2-acetaminothiazole (104)
produces compound 105 which is then hydro-

1 LiIHMDS
O COCI o]

\o X (:F3 100
3. CF3002
99
10

)\/>7 55%

F’d(OAc) {BugP N
052003 % |
88% =N

NH3/H20

65%

lyzed in the presence of 6 M HCI. The result-
ing amine 106 undergoes condensation with
1H-imidazole-1-carboxylic acid to form imi-
dazole intermediate 107. Finally, intermediate
107 is reacted with (S)-pyroglutamic acid at
room temperature culminating in the forma-
tion of the target compound alpelisib 8.

Br
\ —
»
N
CF
103 °
_<N \
HN—
ol RN |\ o e

_POBry

51%

COzH CONH, /(
1 QN S es
col //—NHz =N
e 5 | ™ cF, EtN, DMF 8
83% 107 =N 87% alpelisib

Scheme 13. Synthesis of alpelisib 8.

Pretomanid 9.

Pretomanid 9, developed by the Global Alli-
ance for TB Drug Development (TB Alliance),
has emerged as one of the most promising
antituberculosis drug candidates [146-149].
This compound possesses two key structural
features: a bicyclic nitroimidazole scaffold and
a trifluoromethoxy-substituted benzyl ether
with S absolute configuration at the stereogenic
carbon. Related compounds, such as metroni-
dazole 109 (Fig. 7) and OPC-67683, have also
been identified as potential nitroimidazole-
based drugs for tuberculosis. Pretomanid 9
demonstrated significant anti-TB activity, with
IC,, values ranging from 0.015-0.25 mmol/L
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[148]. The in vitro evaluation of pretomanid 9
against H37Rv Mycobacterium tuberculosis in
GAST and 7H12 media yielded IC, values of
0.12 mmol/L and 0.09 mmol/L, respectively
[149]. Notably, pretomanid 9 exhibited strong
antibacterial efficacy against M. tuberculosis
in vitro and underwent clinical trials for tu-
berculosis treatment. In sharp contrast, its R
enantiomer, compound 108, showed no acti-
vity against M. tuberculosis [147]. Pretomanid
9 received FDA approval under the trade name
Pretomanid for the treatment of adults with
drug-resistant tuberculosis. Its approval marks
a significant step forward in combating this
challenging disease [150].
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Fig. 7. The structures of pretomanid 9, its R enantiomer 108,
and the related compound metronidazole 109.

A four-step synthesis of pretomanid 9 [148]
(Scheme 14) begins with the esterification
of (R)-3-chloro-1,2-propanediol (110) with
p-methoxybenzoyl chloride in DCM using
imidazole as the base to provide ester 111 in
78% yield and >99% enantiomeric excess (ee).
Next, 4-(trifluoromethoxy)benzyl trichloro-
acetimidate (112), derived from 4-(trifluo-
romethoxy)benzyl alcohol, reacts with ester
111 in the presence of a stoichiometric amount
of p-toluenesulfonic acid (TsOH) providing

glycidol-derived alkyl chloride 113 in 80%
yield. Intermediate 113 next undergoes substi-
tution with 2-chloro-4-nitroimidazole in the
presence of sodium iodide and potassium car-
bonate in DMF at 120 °C to form intermediate
114. The final step involves deprotection of the
p-methoxybenzoyl group and an intramolecu-
lar cyclization under basic conditions to afford
pretomanid 9 in 62% yield. Recrystallization
from isopropanol-hexane provides pretoma-
nid 9 with 99.9% ee.

NH
cl COcCI J\
- Cl,C o/\©\
OH Me
112 OCF,
OH 78%
0 0,
110 >99% ee H 80%
N
o OCF; /[ >l
o~ O O,N" "N
/j/ K,COg4/KI, DMF
MeO Cl 113 419%
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MeO )N\\ NO, O5N Pretomanid 9
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Scheme 14. Synthesis of pretomanid 9.
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This method represents a significant im-
provement over the original synthesis which
utilized 2,4-dinitroimidazole as the star-
ting material [151] and it is also suitable for
large-scale production. Notably, the synthesis
of (S)-configured pretomanid 9 begins with
(R)-3-chloro-1,2-propanediol (110). The ap-
parent change in absolute configuration from
R to S following the substitution step from 113
to 114 is not due to inversion of the stereoge-
nic carbon but is a consequence of CIP priority
rules [152, 153].

Atogepant (Qulipta™) 10.

CGRP is a powerful, naturally occurring
37-amino acid neuromodulatory peptide
found in the central and peripheral nervous
systems. It plays a crucial role in various bio-
logical processes, including vasodilation. Re-
search shows that CGRP receptors are promi-
nently expressed in brain regions linked to
migraine pathophysiology and CGRP levels
are elevated during migraine episodes. This
peptide exerts its biological effects by binding
to specific cell surface receptors which activate
the adenylyl cyclase enzyme [154-156].

Clinical trials have demonstrated the ef-
fectiveness of CGRP antagonists in treating
acute migraine attacks as well as neurogenic
inflammation and inflammatory pain [157,
158]. Furthermore, multiple studies have re-
ported that the vascular effects of CGRP can
be diminished or reversed with CGRP antago-
nists [159-164]. Among these breakthroughs,
Merck conducted a structure-activity rela-
tionship study, leading to the development
of atogepant 10, a potent and selective CGRP
antagonist. This compound is noteworthy as
the first orally administered CGRP antago-
nist to receive FDA approval for the pre-
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vention of episodic migraines and cluster
headaches.

As illustrated in Fig. 1, atogepant 10 bears a
close structural resemblance to ubrogepant 2.
Both feature a chiral spirotetracyclic moiety, a
cyclic a,0-diamino acid core [165-167], and a
trifluoroethylamine residue. However, the key
distinction lies in atogepant’s incorporation
of three additional aromatic fluorine atoms as
part of the cyclic amino acid fragment. While
seemingly minor, this structural variation re-
sults in differences in bioactivity and chemi-
cal synthesis. Ubrogepant 2 and atogepant 10,
though both CGRP receptor antagonists, differ
in their clinical applications. Ubrogepant 2 is
designed for the acute treatment of migraines;
it is taken as needed during a migraine episode
to provide rapid relief by blocking CGRP activ-
ity which contributes to migraine symptoms.
In contrast, atogepant 10 was developed for the
preventive treatment of episodic migraines.
Administered regularly, it reduces the frequen-
cy of migraine attacks over time. While both
drugs share the mechanism of blocking CGRP
activity, their bioactivity is tailored to align
with their specific purposes—ubrogepant 2 for
immediate relief and atogepant 10 for long-
term management. In summary, both medica-
tions have proven effective in their respective
roles offering valuable options for individuals
affected by migraines.

Scheme 15 outlines the synthesis of atoge-
pant 10. Starting with fluorinated 2-pheny-
lacetic acid 115 [168, 169], the substrate was
converted to its acid chloride by reacting with
POCI, in DMF and isopropyl acetate (iPAc)
at 0 °C for 30 minutes. The resulting mix-
ture was added to a solution of K ,CO, and
NHMe(OMe)-HCI in water below 8 °C provid-
ing compound 116 in an excellent 99% yield.
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The synthesis continued with a CeCl,-pro-
moted reaction between intermediate 116 and
MeMgCl in THE This was followed by treat-
ment with 2 N hydrochloric acid and methyl
tert-butyl ether (MTBE) at 5-10 °C to produce
1-(2,3,6-trifluorophenyl)propan-2-one  (117)
in 95% yield. Intermediate 117 then undergoes
substitution with isopropyl N-(tert-butoxycar-
bonyl)-O-(methylsulfonyl)serinate (118) in
the presence of ZnBr, and tBuOLi, affording
intermediate 119 in 67% yield after 24 hours.
The asymmetric cyclization of intermediate
119 was achieved by treating it with sodium
tetraborate decahydrate, isopropylamine, pyri-
doxal-5-phosphate (PLP), and SEQ ID NO: 1
in borate buffer at 55 °C for 24 hours. This step
resulted in the carbamate intermediate 120
as a mixture of cis- and trans-isomers in 71%
yield. The crude mixture of 120 in Me-THF
was treated with tBuOK at room temperature

for 2 hours and subsequently crystallized from
iPAc/heptane at 60 °C providing crystalline cis-
121 in 85% yield. This transformation involved
a epimerization of the cyclic a,8-diamino acid,
a mechanism akin to dynamic kinetic resolu-
tions commonly employed for preparing enan-
tiomerically pure a-amino acids [170-172]. To
introduce a trifluoroethyl group, trifluoroethyl
trifluoromethanesulfonate was utilized fol-
lowed by removal of the Boc group generating
the free amine 122 in 92% yield. Finally, com-
pound 122 was coupled with carboxylic acid
123 in the presence of hydroxybenzotriazole
(HOBt) monohydrate and 1-ethyl-3-(3-di-
methylaminopropyl)carbodiimide (EDC) hy-
drochloride at room temperature for 4 hours
resulting in atogepant 10 as a monohydrate in
95% vyield. This optimized synthesis demons-
trates efficient and high yielding steps suitable
for the large-scale preparation of atogepant 10.
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CO,H 1) POCI;, DMF, iPAc “Me CeCly, THE Me Mso/ﬁ/
E 2) NHMe(OMe)-HClI MeMacl NHBoc
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Scheme 15. Synthesis of atogepant 10.
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CONCLUSIONS. In this review we have
profiled ten marketed pharmaceuticals ap-
proved by the FDA within the last five years
that feature aliphatic fluorination—a key struc-
tural feature pivotal to their biological activity.
These include ivosidenib 1, developed for the
treatment of AML and cholangiocarcinoma
(bile duct cancer); ubrogepant 2, approved
for the acute treatment of migraines; ascimi-
nib 3, prescribed for the treatment of CML in
the chronic phase; omaveloxolone 4, used in
the treatment of Friedreich’s ataxia, a rare ge-
netic disorder causing progressive damage to
the spinal cord, peripheral nerves, and brain,
leading to uncoordinated movement, difficulty
walking, and other complications; flurpiridaz
(**F) 5, a radioactive diagnostic agent for PET
myocardial perfusion imaging; upadacitinib 6,
designed to address several inflammatory and
autoimmune conditions, including rheuma-
toid arthritis, psoriatic arthritis, atopic derma-
titis, ulcerative colitis, Crohn’s disease, anky-
losing spondylitis, and non-radiographic axial
spondyloarthritis; tezacaftor 7, approved for
the treatment of cystic fibrosis as an effective
remedy; alpelisib 8, prescribed for the treat-
ment of breast cancer, effectively inhibiting
tumor growth and abnormal cell proliferation;
pretomanid 9, used in combination therapies
for the treatment of extensively drug-resis-
tant and multi-drug-resistant tuberculosis;
and atogepant 10, approved for the preven-
tive treatment of migraines in adults, targeting
both episodic and chronic migraines. As high-
lighted in the discussion, molecules featuring
aliphatic fluorination present challenges due to
higher production costs and the complexity of
predicting their biological profiles. However,
the undeniable medicinal benefits of aliphatic
fluorination are likely to invigorate this area of
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research paving the way for the development
of more innovative drugs to enter the pharma-
ceutical market.

Beyond the incorporation of aliphatic fluo-
rine atoms, six of the pharmaceuticals dis-
cussed in this review feature residues of amino
acids or their derivatives as pivotal structural
design elements. As noted in the discussion,
the significance of asymmetric synthesis in
producing tailor-made amino acids [173-175]
and its profound impact on the modern phar-
maceutical industry cannot be overstated. An-
other noteworthy characteristic shared by all
these drugs is their chirality with each mole-
cule possessing between one and six stereo-
genic carbons. In light of the FDA require-
ments for chiral drugs [176-178], continuous
advancements in the asymmetric synthesis
and characterization of chiral fluorine-con-
taining compounds are critically important.
Special attention should be directed towards
the SDE phenomenon, a behavior observed in
enantiomerically enriched compounds [179-
181]. The SDE properties of chiral drugs, par-
ticularly those containing fluorine [182-184]
and/or amino acid residues [185-187], repre-
sent a vital public safety concern necessitating
rigorous evaluation of enantiomeric purity
[188-191]. Monitoring the enantiomeric in-
tegrity of pharmaceutical drugs throughout
synthesis [192, 193], production, and even
storage is essential as SDE via sublimation
poses a specific challenge for fluorine-con-
taining drugs [194-196].

Additionally, caution should be exercised in
light of growing public concerns over the po-
tential harmful effects of fluorine on human
health [197-199]. Since fluoride is recognized
as the final metabolite of organic fluorinated
compounds [197-201], patients prescribed
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fluorine-containing drugs should consult their
physicians about non-fluorinated alternatives
where available or take steps to limit fluoride
exposure from other sources such as fluori-
dated water and industrially produced foods
treated with fluorinated agrochemicals [202].
Sadly, fluoride and the recent rise of perfluo-
rinated “forever chemicals” (PFAS) [203]
are notorious contributors to the persistent
commercial-driven degradation of both the
environment and human health [197] in ad-
dition to other contributions such as micro-
plastics [204].

Despite these concerns, it remains an un-
deniable truth that pharmaceutical drugs
are indispensable in modern medicine. They
provide life-saving treatments, improve qua-
lity of life, and drive medical innovation ad-
dressing urgent health challenges and laying
the foundation for future advancements in
healthcare.
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ChKMX 3ac00iB, 1[0 HAIiIUIM B TPOJaX Ta
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AKICTIO Xap4OBUX IPOAYKTIB 1 MeIMKaMEHTIB
CIIA (US FDA) mpoTAroM OCTaHHIX IIATH
poKiB, sAKi MicTaATh amidaTuyHe QTOpyBaH-
HA — KJIIOYOBY CTPYKTYPHY XapaKTE€pPUCTUKY,
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10 Ma€ BMpilllaJibHE 3HAYEHHA [ IXHbOI
6ionoriunoi aktuBHOCTI. Cepep Hux: iBocu-
IeHi6, po3pobeHuit i JIiKyBaHHA TOCTPO-
IO Mi€IOITHOTO JIEMKO3Y Ta XOJIAHTiOKapIM-
HOMM (paKy >KOBYHVX IIPOTOK); YOPOTEIIaHT,
CXBaJIeHU Ji/IA TOCTPOTO JNiKyBaHHA MirpeHi;
acKiMiHi0, [0 TPU3HAYAETHCA A/IA JIIKYBaHHA
XPOHIYHOIO MI€NOIHOrO JIEMIKO3Y B XPOHIY-
Hill ¢asi; OMaBeTOKCONOH, KNI BUKOPMUCTO-
BYIOTb JI/IA JIiIKyBaHHA aTakcil Ppigparixa,
PiAKICHOTO T€HETUYHOIO PO3/Jafy, 10 CIIpU-
YUHAE TIPOrpecynde YypakeHHsA CIVUHHOTO
MO3KY, epudepuIHuX HepBiB Ta T'OJIOBHOTO
MO3Ky; (rypnipuaas — pagioakTMBHUI fia-
THOCTMYHMII 3aci6 IS MTOSUTPOHHO-eMiciii-
Hoi ToMorpadii nmepdysii miokappaa; ymagaum-
TUHIO, po3poOIeHnit I TiKYBaHHS KiTbKOX
3allaJIbHMX Ta ayTOIMYHHUX CTaHiB, BK/IIOYa-
104 PEBMATOISHUIL apTPUT, IICOPIaTUIHMUIA
apTPUT, aTOIYHUII [epMaTUT, BMPa3KOBUII
KOTIT, XBopoby KpoHa, aHKino3younit crioH-
AWIT Ta HepeHTreHorpadiyHMil aKCialIbHUI
CIIOHJVIOAPTPUT; Te3aKapTop, CXBaJIeHMI
IUIA TKyBaHHSA MYKOBIiCIVMIO3y fAK e(peKTUB-
HUII 3aci6; annenici6, 10 Mpu3HAYaETbCA 1A
JTKYBaHHA PaKy MOJIOYHOI 3271031, epeKTNB-
HO iHriOylouym picT DyXJIMHU Ta aHOMAaJIbHY
nporidepalito KIiTHH; IpeTOMaHifl, KNl BU-
KOPMCTOBYIOTb Y KOMOIHOBAaHUX Tepallisx s
JIKYBaHH:A TyOepKy/Ibo3y 3 MINPOKOIO Ta MHO-
JKMHHOIO JIIKapChKOIO CTiJIKiCTIO; aTOTOEIAHT,
CXBasIeHUI 11 TPOQiIaKTUYHOTO TiKYBaHHs
MirpeHi y JOpOC/INX, CIIpAMOBaHNI K Ha elli-
30[MYHY, TaK i Ha XpOHiUYHy Mirpenn. More-
Ky/IM, 10 MICTATH anidarnyHe PTOpyBaHHS,
CTAQHOBJIATH TPYJAHOLLi Yepes BUIIi BUPOOHIMYI
BUTPATH Ta CKAAJHICTh IPOTHO3YBAaHHA IXHIX
6ionoriuanx npodiniB. OmHak He3amepevHi
Menn4Hi mepeBaru anidarnyHoro ¢ropysaH-
Hs, IMOBIPHO, aKTUBi3yIOTb 1[0 I'a/ly3b JOCIIi-
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JDKEHb, BITKpMBAOUN IUIAX /I PO3pOOIeHHA
6inbII iIHHOBALITHMX /TIKAPCHKUX 3ac06iB, 110
BMiiAyTh Ha (apmaneBTMUHMII pUHOK. OK-
piM BKJIIOUeHHS almiaTMIHMX aTOMiB QTOpY,
IICTh i3 /MKAapChKUX 3ac06iB, POSIIAHYTHUX Y
LIiJ1 CTATTi, MiCTSTD 3a/IMIIKM aMiHOKIC/IOT a60
IXHi MOXiIHI AK K/IFOYOBi €/IEMEHTIU CTPYKTYP-
Horo au3aiiny. llle ogHie XapaKTepuCTUKOIO,
CIIBHOIO IS BCIX IMX IIpenapaTiB, € iXHA Xi-
PanbHICTh, IPMYOMY KOXKHA MOJIEKY/Ia Ma€ Bifl
OJJHOTO JI0 LIECTV CTEPEOT€HHMX aTOMiB BYI-
neuto. Ocob6MuBY yBary Ciifi IpUAiIIUTI ABU-
11y CaMOAVICIIPOIIOPIIIOHYBaHHA €HaHTiOMe-
piB (SDE), HeniHilHil noBexiH1i, 1[0 CrIocTe-
piraerbcs B eHaHTIOMEPHO 30aradyeHnx CIIONy-
Kax. SDE-BmacTBOCTI Xipa/IbHMX JTiIKapChKUX
3ac00iB, 0COOMUBO TUX, 1[0 MICTATH PTOP Ta/
a00 3a/IMIIKY aMiHOKVCTIOT, € BaXX/IMBOIO ITPO-
0/1eMOI0 TPOMAZIChKOI Oe3IeKM, L0 BUMAarae
peTenbHOl OLIHKM €HAaHTIOMEPHOI YMCTOTMU.
Kpim 1poro, ciif nposiBisaT 00epeXHICTb y
CBiT/Ii 3pOCTalu0i TpPOManChKoi CcTypOoBa-
HOCTI IOJ0 MOTEHL[I/HO IIKi[JINBOTO BIUIMBY
¢ropy Ha 3n0poB’s mopuan. OcKinbkn ¢ro-
pUjJ BU3HAHO KiHIIEBMM MeTaboJiTOM opra-
HiYHUX (TOPOBAHUX CIIONYK, TO IAIli€HTaM,
SKUM TIpU3HauYeHo (TOPBMIiCHI Ipemaparn,
CJIiJ§ IPOKOHCY/IbTYBATNUCA 31 CBOIMM JIiKaps-
MM IOZI0 He(PTOPOBAHMX a/IbTEPHATHB, AKIIIO
Taki €, a0 BXUTK 3aXOfiB /11 0OMeXeHHS
BIUIMBY (pTOpUAY 3 iHIIMX JKepes, TaKuX SK
¢drTopoBaHa Bofia Ta MIPOMUCIIOBO BUPOO/IEeHi
IPOAYKTY XapyyBaHH:, 00poOneHi ¢ropo-
BaHMMM arpoximikatammu. Hespakaroun Ha 1i
3aHEIIOKOEHHA, 3a/IMIIAETbCA He3allepeYHOIo
ictuHOIO Te, 0 (apMaleBTUYHI Ipenaparu
€ He3aMiHHMMM B Cy4acHill MeguuuHi. BoHn
3a6e31evyloTh JKUTTEBO BAX/INMBE JIIKyBaH-
Hs, TIOKPAIYIOTh AKICTb XXUTTA Ta CTUMY/IIO-
I0Th MeIMYHi iHHOBallii, BUPIIIYI0YY HaraabHi
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npo6yemMu 3i 3TOPOB’SIM Ta 3aKJIa/Jaloyyl OCHO-
BY Ji/I1 MaitOyTHIX JOCATHEeHb y cdepi oxopo-
HU 3[JOPOB s

Kmouosi cmoBa: ¢rop, amidarnune ¢ro-
PYyBaHH:A, papMalleBTUYHI Tperapary, Au3aiH
NKapChbKMX 3ac00iB, CMHTE3, XipaIbHICTb, 0i0-
JIOTIYHA AKTUBHICTb, CAMOJNCIIPOIIOPILIOHY-
BaHHs eHaHTioMmepiB (SDE), mpobmemn rpo-
MaJICbKOTO 3[J0POB’S, epeBaHTaKeHHs (PTo-
POM OpraHismy JIFOAVHM Ta HaBKOIUIIHBOTO
cepenoBuIIa.
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O. B. Beniuenxo, B. C. IIpouenxo

HHI «Ykpaincokuii depiasHuti XiMiKo-1mexHOono2iuHutl yrHisepcumemo,
Ykpaincokuii depicasruil yHisepcumerm HayKu i mexHonozii,

npocn. Hayxku, 8, [Tninpo 49005, Yxpaina
email: vprotsenko7@gmail.com

4 munHa 2025 poKy BifisHAYMB 85-piuHMII
toBineit Penikc Vlocunosny JJaHnmios — Bu-
JaTHUI YKPAaIHCbKUIT HAYKOBELlb, €HEePIiiTHUI
OpraHi3aToOp HalliOHA/JIbHOI LIKO/IM €IeKTPOXi-
Mil, 3aCTy>KEeHMII [ifgd HayKu i TeXHiKu YKpai-
HU, 1aypear Jlep>KaBHOI ITpeMii B raaysi HayKu
i TexHiKNM, HOKTOp XiMiYHUX HayK, IIpodecop
¢isnyHoOi XiMii Ta roIOBHUIT HAyKOBMII CIIiB-
po6itauk HJII rampBaHOXiMii YkpaiHCcbKOro
[eP>)KaBHOTO YHIBEPCUTETY HAyKM 1 TeXHO-
JIOT1IA.

[Tonap miBcronitTsa npod. Janmnos moep-
HY€ aKTVBHY HayKOBY Jis/IbHICTb, BUK/Ia/IaH-
Hs i1 yrpaBaiHChKy pobory. e mif yac Has-
YaHHA B [JHIIPONETPOBCHKOMY XiMiKO-TEXHO-
noriunomy iHcturyTi (JIXTI), me BiH mparto-
BaB I1ij KepiBHMITBOM 1pod. B. B. Crenpepa,

doi: 10.33609/2708-129X.91.6.2025.55-57

MOJIOAMII HayKoBeLlb 3pOoOMB HepuI KpOKu
B €/IeKTPOXiMiuHill Hayli, BMBYAIOYM 3aKO-
HOMIPHOCTI €IeKTPOOCA/[P)KEHHA MapraHijo.
ITicns 3akiHYeHHA IHCTUTYTY BiH HaOyB BaXk-
JIMBOTO MPAKTUYHOIO TOCBily HA iIH)KEHEPHUX
I10cajiax y raibBaHiYHOMY 11€Xy BCECBITHbOBI-
momoro IliBgeHHOro MamMHOOYAIBHOTO 3aBO-
Iy, a 3 1964 poKy IpOmOBXKIB HAYKOBY IIiJro-
ToBKY B acnipanTypi IXTI mig xepiBHMLITBOM
npod. M. O. JlomkapboBa.

Y 1967 poui ®enikc VMocunosnu ycmim-
HO 3aXMUCTUB KaHJUJATCbKY JucepTalilo, a
B 1985 poui — JOKTOPCBHKY, IPUCBAYEH] BM-
BUCHHIO KIHETUKM VI TE€PMOAMHAMIKM €JIeK-
TPOOCaJpPKEHHA MeTaliB 3a IPUCYTHOCTI
[IOBEPXHEBO-aKTUBHUX pe4yoBuH. Ili mpaj,
BMKOHAHI Ha HaMBUIIOMY TE€OPETUYHOMY Ta
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eKCIIepUMEHTAIbHOMY PiBHi, 3J00y/IM BUCOKY
OLIiHKY IIPOBIJJHUX €IEKTPOXiMiKiB TOTO 4acy.

HayxkoBi pesynbratu npod. JJanunosa nsAr-
7 B OCHOBY CYYaCHMX Ta/IbBaHiYHMX IIpoIje-
CiB: IMHKYBaHH:A, KaJMilOBaHH:, XpPOMYBaH-
Hf, OCaJpKEHHA IHIIMX Pi3HOMAHITHUX MeTa-
MiB 1 CIUIaBIB, Cy4acHi METOAMKMN IiITOTOBKA
IIOBEPXHiI Ta €/IeKTPOXiMiuyHe IO/MipyBaHHA
Towo. Bin 3anpononyBaB HU3KY YHiKa/IbHUX
METOJUK NOCI/KEHHs afcopOIil Ha eeKT-
poiax, BBiB TeMIepaTypHO-afCcoOPOIiHII
OiAXi 1A BU3HAYEHHA TEPMOJAVMHAMIYHUX
xapakTepuctuk agcop6uii [TAP i Bmepure pos-
KPVB MeXaHi3M «KOMIIeHCAIliifHOTO epeKTy» B
TaKUX CUCTEMAX.

Y 1975 poui 3a jtoro iHiniatnsoio 6y10
3acHOBaHO [Ipo6rmeMHy HayKOBO-JOCHTITHY
MabopaTopilo  eIeKTPOOCA/PKEHHsI MeTasliB
(umHi - HJI ranpBanoximii), Aky npod. [a-
HIJIOB OYOJIIOBaB YIIPOJOBX 0araTboX pOKiB.
I3 1994 o 2023 poky BiH BUKOHYBaB 000B A3~
K [MPEKTOpa LbOro iHCTUTYTY, a B 1986-
2013 pp. Takoxx OyB 3aBigyBauem kadenpu i-
3yuyHoi Ximil YIXTY (32023 p. — YkpaiHcbkui
Hep>KaBHUI YHIBEPCUTET HAyKM 1 TEXHOJO-
Till), TiJHO IPOMOBXXYIOYM HAYKOBi Tpammiii
JI. B. IIncapxescpkoro, A. I. bponcbkoro Ta
M. O. JlomkapboBa.

Hocnimxkennss npod. [laHmmoBa 3ocepe-
IDKeHI Ha MeXaHi3Max eJIeKTPOOCaPKEeHHs
MeTaJliB 3a MPUCYTHOCTI ITOMIMEPHUX Ta IIO-
NieJIeKTPONITHUX afiICOPOEHTIB, Po3pobiIeH-
HI0O HOBMX BOJHMX €/IEKTPOJITIB i BUKOPUC-
TaHHI 10HHMX pifiMH, a TakoX Ha (OTO- Ta
€/IeKTPOKATAITUYHNX BJIACTUBOCTAX TaJlb-
BaHIYHMX NOKpUTTiB. Ilif 7i0ro HaykoBUM
KEpIBHUITBOM 3aXVCTU/IN JUcepTalil IMOHas

60 xaHAKUJATIB i 6 JOKTOPIiB HayK. 3arajioM y
nopo6bky npod. Janmnosa — nmonan 550 my6-
nikaninn i 60 nmarenTtiB. CTaHOM Ha IOYAaTOK
munHA 2025 poky B 6asi Scopus 3apeecTpoBa-
HO 204 J10T0 CTaTTi, 1[0 BXXe MaIOTh Oi/IbIII HiIXK
3 680 nuryBanp, a iHgeKkc Xipila JOPiBHIOE
32 — 1e OAMH i3 HANBUILMX IMOKA3HUKIB IIM-
TYBaHHA cepeJ| YCiX eIeKTPOXIMIKiB Cy4acHOI
Ykpainn.

[Tpodecop [JannmoB TakoXx Bifirpae Kio-
YOBYy pO/Ib y HAayKOBO-OpTraHizaliiHii cde-
pi: BIH OYOJIIOE CIlelliai30BaHy BYEHY pajy 3
IPUCYIPKEHHA HAyKOBOIO CTYIIEHA JIOKTOpa
XiMiYHMX HayK 3a cnenianpHicTio 02.00.05
«Enekrpoximisi», € 4wieHoM MIiKHapOgHOro
ToBapuctBa enekrpoximikiB (ISE), obiitmae
II0CA/IM Bille-TIpe3nuieHTa YKPAIHChKOIO eJIeK-
TPOXiMiYHOIO TOBAapMCTBa Ta YKpaiHChKOI
acomjanii KOpo3ioHIiCTiB, € uieHOM O610po
HaykoBoi pagu HAH VYkpainu 3 mpobmemn
«Enextpoximisi». [Tpodecop [JannmoB takox
€ TOJIOBHUM PeJaKTOPOM XypHany «[Iutanna
ximii Ta ximivyHOi TexHOMOTii» (PpaxoBmit xyp-
Hajl Kareropii «A», 110 iHJEKCY€eTbCsA HayKO-
MeTpUYHOW 6a3oro Scopus).

Y 2019 poui YkasoMm IIpesugenra Ykpainu
npod. JlaHMIOB CIIIJIBHO 3 KOJIETaMy 3 HU3KMU
IIPOBiJHMX YHiIBEpCUTETIB Ta iHcTUTYTiB HAH
Ykpainu orpumas [lep>xaBHy nIpeMiro YKpainu
B rajysi HayKu i TEXHIKM 32 BUJATHUI BHECOK
Yy PO3BUTOK Cy4YaCHOI €/IeKTPOXiMil Ta e/IeKT-
POXiMiYHOIO MaTepia/l03HaBCTBA.

Vloro korern Ta y4Hi i3 3aXOIUIEHHAM i 1y-
POIO MOBAroK BifiI3HaYalOTh Taki pucu Pemikca
VMocunosuya, K CTIiiiKiCTh MPUHIATIIB, BUCOKA
BUMOIIUBICTD, 6€3[J0raHHa IOPSJHICTD, IIPO-
CEpIHICTD 1 HEITOXNUTHA BiIJaHICTh HAYIII.

Mu mupo BiTaeMo iMeHMHHNKa, 6a)Ka€MO JIOMY MiIlfHOTO 3T0pOB’s,
HEBUYEPITHOTO TBOPYOr0 €HTYy3ia3My, HOBUX 3HAYYIIMX HAYKOBUX JOCATHEHD
Ta pafiCHUX FOJAMH Y KOJIi pOAVIHH i Apy3iB.
Hexaii ko>keH AeHb NpNHOCUTh BaM HaTXHeHHA /1A BiZKpUTTIB i 3acmy>keHe BU3HAHH:A!
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ON THE 85™ ANNIVERSARY OF DR. CHEM. SCI.,

PROF. F.I. DANILOV.

O.B. Velichenko, V.S. Protsenko

NNI “Ukrainian State University of Chemical
Technology”, Ukrainian State University

of Science and Technology,

8 Nauky Ave., 49005 Dnipro, Ukraine

e-mail: vprotsenko7@gmail.com

On July 4, 2025, Professor Felix Yosypovych
Danilov, a prominent Ukrainian scientist and
a renowned figure in the field of electrochemi-
stry, celebrated his 85th birthday. Professor
Danilov is a Doctor of Chemical Sciences,
Honored Scientist of Ukraine, recipient of the
State Prize of Ukraine in Science and Tech-
nology, Professor of the Department of Phy-
sical Chemistry, and Chief Researcher at the
Research Institute of Galvanochemistry at
the Ukrainian State University of Science and
Technologies.

Over the course of more than fifty years,
he has skillfully combined scientific research,
teaching, and organizational activities. His ac-
ademic path began with early electrochemical
research on manganese deposition during his
student years at the Dnipropetrovsk Institute
of Chemical Technology. Later, under the su-
pervision of Professor M.O. Loshkarev, he con-
tinued his research as a postgraduate student.

Professor Danilov defended his PhD the-
sis in 1967 and his doctoral dissertation in
1985, both focused on the kinetics and ther-
modynamics of metal electrodeposition in the
presence of surface-active substances. His sci-

https://ucj.org.ua

entific achievements laid the groundwork for
advanced surface engineering technologies,
including zinc, cadmium, and chromium elec-
troplating, as well as the deposition of various
other metals and alloys.

He developed several original methods for
studying electrode adsorption processes, in-
troduced a temperature-adsorption approach
for evaluating thermodynamic parameters of
surfactant adsorption, and revealed the nature
of the so-called compensation effect.

Under his leadership, the Research Insti-
tute of Galvanochemistry was established in
1975. He served as its director from 1994 to
2023. From 1986 to 2013, he also chaired the
Department of Physical Chemistry. Profes-
sor Danilov’s scientific output includes more
than 550 publications and 60 patents. As of
July 2025, the Scopus database lists 204 of his
publications, with over 3,680 citations and an
h-index of 32 - the highest at his university
and among the top in Ukraine.

He is actively involved in the scientific com-
munity, serving as chair of a doctoral disser-
tation defense board, member of the Interna-
tional Society of Electrochemistry (ISE), vice-
president of the Ukrainian Electrochemical
Society and the Ukrainian Association of Cor-
rosionists, and editor-in-chief of the journal
Voprosy Khimii i Khimicheskoi Tekhnologii
(Issues of Chemistry and Chemical Technol-
ogy). His colleagues and students admire his
integrity, high standards, and lifelong devotion
to science.

Keywords: anniversary; research activities;

electrochemistry; electrochemical Kkinetics;
electroplating; metal finishing.
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KOPU®EW KOJIOIAHOI XIMII AKABEMIK AHTOH IYMAHCbKUI

(no 145-piyya Big AHA HAPOAKEHHSA)

Jlapuca Kosanv

Incmumym 3azanvroi ma Heopeaniunoi ximii im. B. 1. Bepnadcvxozo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/ 34, Kuis 03142, Ykpaina
email: Ibkoval69@gmail.com

Y cTarTi HajaHO OITIAN )KUTTEBOTO Ta TBOPYOT0 HAYKOBOTO NIJIAXY AHTOHA JlyMaHCBHKOTO —
IIVPOKO BiZTOMOTO Y 3apyODKOKi Ta BU3HAHOTO B Hallliil KpaiHi BYEHOTO-XiMiKa B ramysi Kojo-
igHoi ximii, wrena-kopecnonsenta AH CPCP, akagemixa AH YPCP, npodecopa, fokropa xi-
MIiYHMX HayK, 3aC/Ty>KEHOTO flif4a HayKu YKpaincbkoi PCP, sacny»XeHoro fisida HayKu i Tex-
Hiku Kasaxcpkoi PCP, pupexropa InctuTyTy 3aranpHoi Ta Heopranivnoi XiMii AH Ykpainn
y 40-50-TMX poKax MUHYJ/IOIO CTOMTTA. HaBejeHo KOPOTKY XapaKTepUCTUKY HayKOBUX Ha-
IPAMKIB Ta JOCATHYTUX Pe3Y/IbTaTiB BUKOHAHUX JOC/IKEHb Y Talysi KOIOIMHOI XiMii, BI-
3HA4YEHO POJIb MOTO JOCTI/KEHD [I/IA pPO3BUTKY BITYM3HAHOI XIMIYHOI HayKM Ta HapOJLHOIO
roCrogapcTsa.

AHTOH JIlyMaHCBKMIT — OIVMH i3 3aCHOBHMKIB KOJIOIHOI XiMil B HalIill KpaiHi. OcobnuBo
BOX/IMBUMIM € J10r0 po6OTH i3 3acTOCYBaHHIO MeTOAY (Pi3VKO-XiMi4HOrO aHAIi3y A JOCTi-
JDKEHHS B/IACTYBOCTEN KOJIOIHUX CUCTeM. 3a cepito poOiT i3 1iporo nuraHHs JJyMaHCbKOMY
npucymKeHo Bennky MeHjeneeBcbKy npeMito. 3HauHy yBary BiH NPUiAAB BUBYEHHIO OC-
HOBHUX (Di3MKO-XIMiYHMX BIacTUBOCTel TOMIMbHUX ANCIEPCHUX CUCTEM i YiTKO 0OIpyH-
TYBaB YABJICHHA IIPO 3B’A3aHY PifiMHY fAK Mipy niodinbHocTi. I3 rpymoo cBoix y4HIB 3a KO-
POTKMIT Yac BiH pO3B’A3aB HU3KY TeOPETUYHIX 3aBJJaHb: BI3HAYMB 3arajIbHi 3aKOHOMipHOC-
Ti B3a€EMOJil BYCOKOIIOMIMEPIB i3 PiSHMMM pigyHaMM i BUBYMB MEXaHi3M LIbOTO IIPOLECY;
PO3poOMB HOBiI METOAM Ki/IbKiICHOTO BM3HA4YeHHs 3B s13aHOI BOIY i 3arajbHi IPUHIUIIN JTi-
odinizanii gucnepcHnx as; 3’sCyBaB BIUIVB 3B s13aHOI BOAM Ha Jie/leKTPUYHI BIaCTUBOCTI
pucnepcHux cucteM. Oco6MMBO IWIfHMMY € KOCTiHpKeHH [lyMaHChKOTO, sIKi OB s13aHi 3
TEXHOJIOTi€l0 6araTboX ranyseit XapuoBoi IpOMMCIOBOCTI. Bin € aBTOpoM moHaz 250 Hayko-
BUIX IIpallb, y TOMY YMC/Ii HM3KY MOHOTrpadiii i mociOHMKiB. 3a KepiBHUIITBA i 32 KOHCY/IBTY-
BaHH#A [lyMaHCBKOTO HiiIroTOB/IeHO MOHa ] 50 KaHauaTiB i 6m3bko 20 JOKTOpiB Hayk. MaB
YPALOBI HATOPOAM — OPAEHM Ta MefIAJIL.

Y 1980 poui 3 Haropy BizHaueHHs 100-piuus akagemika A. B. [lymaHcbkoro ioro im’s
Oyrno npucBoeHo IncTuTyTy KonoigHoi ximii Ta ximii Bogu HAH Ykpainm.

KitouoBi croBa: konmoigHa ximis, ¢isnko-xiMidyHMI aHasi3, KOMOIAHI po3uMHY, HAyKOBa
LIKOJIA.
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BCTYII. 20 yepBHA 2025 pOoKy BUIIOBHIO-
€Tbcs 145 pOKiB Bifi JHA HAPOJKEHHA BU-
JaTHOT'O BYEHOI'0, BiJOMOro cIieljiajicTa B
rajmysi xonoigHoi xiMmii akagemika AE YPCP,
3aC/Iy>KEHOTO Jifi9a HayKy YKpaiHM, 3acirysKe-
HOTO Jifvya Hayku i Tex"iku Kasaxcrany, nu-
pekropa IHCTUTYTY 3arajnbHOI Ta HEOpraHid-
Hoi ximii AH YPCP (1945-1960 pp.) AHTOHa
Bonogumuposuya JlyMaHCbKOTO.

Puc. 1. Axagemik AH Ykpainn
AnTton Bomogumuposud JlymaHChKMI
(20.06.1880-14.05.1967)

Fig. 1. Academician of the Academy
of Sciences of Ukraine
Anton Volodymyrovych Dumanskyi.

Hapopuscsa Anton Jlymancbkuit 20 yeps-
Ha 1880 p. y m. IBanoBo-BosHecenchky (Po-
ciiticbka Qepiepallist) B poayHi BUnTeA riMHa3ii
(pomowm i3 3aximHoi Ykpainu). CepefHIo OCBi-
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Ty OTPMMaB TaM >Ke, 3aKiHuusmm y 1898 poui
peanbHe y4yuauile ¥ ofgpasy BCTYIMB Ha Xi-
MiKO-TexHOmoriyHmit ¢axynpreT KniBcbkoro
IOIITEXHIYHOTO IHCTUTYTY, AKUI YCIIIIHO
3akinumB y 1903 poui. Ille y cTymeHTChKi pOKM
BiH BifiBijyBaB «XiMi4HMI I'yPTOK», AKUIT 04O-
moBas M. I. KonoBanos, 3a1jikaBuBcA 3anpo-
IIOHOBAHOIO IIPO¢decoOpoM TeMOIO IIPO KOJIOifI-
Hi pO34MHI 1 I0YaB IIpall0BaTy B Tajysi KOJo-
inis. Moro mepmia gpyKoBaHa HayKOBa CTaTTs
B XypHasi «Bicti KuiBcbkoro nosmitexHigyHo-
ro iHcturyrty» y 1903 poui crocyerbcsa came
NUTaHb Ximil KojnoifgHoro cpibna. [Jummomua
pobora «KomoiganpHe cpibno» TamaHOBMU-
TOrO BMITYCKHMKA 3BEpHYIa Ha cebe yBary
1. 1. Menpeneesa, Axuit 6yB IpUCyTHIM Ha BU-
IyCKHMUX icnuTax. BigsHavyarounm 1o Ta fgesaxi
iHmi gumomHi po6oTy, BiH mucas mpo IXHIX
aBTOPIB: «... BOHY 0araTo 1o 06ilsoTh y Mail-
OyTHBOMY ... 3aKiHUMBIIN KYPC, BOHU MOXYTb
IWIifHO Cmy>kuTty 6mary BarpkiBIimHu Ha 00-
paHux TepeHax...». Lli cmoBa BuABMMICA Npo-
pouMMU — MiATBEP/>KEHHA TOMY — yCe TBOp4Ye
HayKOBe )XUTTSA AHTOHA J[yMaHCbKOTO. 3 TOrO
Jacy i MpaKTUIHO Ha BCe KUTTA 0OpaHUM I0-
7IeM JiANbHOCTI cTana gid A. B. JlymancbKkoro
MOJIOa, fIKA Ti/JIbKM HAapOKyBajacs, HayKa
PO KOJIOIAN.

ITicna 3akiH4eHHA IHCTUTYTY JIOTO 3aju-
M 1a6OpaHTOM, TOTIM acUCTEHTOM Ka-
¢degpn HeopraniyHoi Ximii, e AHTOH Boso-
AVMUPOBMY OpraHidyBaB naboparopiio 3 Ko-
JIOIAHOI XiMil i MPOBOAVB NOCIIKEHHA KOJIO-
IJHOTO CTaHy P€YOBUH y Pi3SHUX CEpeJOBUIAX.
Ak i pesKi iHIII Ta/aHOBUTI HAYKOBIIi, AHTOH
JlyMaHCPKMIT CTa)XyBaBCA 3a KODHOHOM, Y
naboparopii I. @pertnpnixa B Jleitnuury, ne
B/BYaB BIUIMB KOJIOi[IiB Ha €I€KTPOIpPOBi-
HICTb e€/IeKTpOITiB, AUQY3il0 eneKTpormiTis
y 30/19X 1 TenAX >KeIaTUHY, 3aBIAKU YOMY
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copMynoBaB yABIEHHS PO I'e/lb K IIPO CU-
cTeMy, sIKa sIBJ/ISIE COO0I0 IPOCTOPOBY CiTKY,
IO CK/IAAETbCA 31 CTPYKTYPHUX HENPOBIifI-
HUX €/IeMEHTIB, MDK AKUMM PO3TALIOBYETh-
¢ pucrnepciniHe cepepoBuie. JlyMaHCHKMIA
pO3poOMB HOBi MeTOAM MOCTI/KEHHS 30IiB,
3TOIOM IIMPOKO BUKOPUCTaHI B IIPaKTU-
11i; BBiB y /1a00paTOpHY IPaKTHUKY HeBijoMy
TOfi Ko70diedy membpary, yuepliie BUCIOBUB
i peanmisyBaB iJjel0 3aCTOCYBaHHSA L EHTPMU-
¢byrm 1 BM3HAYEeHHS PO3MIpiB KOJOITHMX
9acTOK. MaricTepcbKa fucepranid i HacTymHi
HAyKOBi IIpalli TaKOXX IPUCBAYEHO IUCIIEPC-
HOCTI i KOMIIZIEKCHOMY BYBYEHHIO KOJIOITHUX
PO3YMHIB, IO 3HAYHO PO3MIMPWIO YABJIEH-
HA TIPO NPUPOAY KOMOIAiB i 3romoM Oyrno pe-
Te/IbHO BUCBIT/IEHO Yy JIOTO KHMTaX i Mmigpyd-
Hukax. ¥ 1912 p. A. B. JlymaHcbkuit npoun-
TaB MepIINil KypC JIEKLi 3 KOMOIZHOI Ximil y
KuiBcbkomy yHiBepcureti (Tomi — CasToro
Bonopumupa), a y 1913 poui — 3axuctus ma-
ricCTepChbKy pucepranino Ha temy «IIpo xomo-
inHi posunHM» i OTpUMaB 3BaHHs podecopa.

Brpomomx 1913 i mo oceni 1941, To6TO
22 poKM HayKoOBa 1 IlefjaroriyHa [if/lbHICTb
A. B. lymancpkoro 6ymm mos’ssani 3 Bopo-
HE3bKJM CIIbCbKOIOCIOJAPChKNUM 1HCTUTY-
toM (ciM pokiB BiH 6yB pextopom), Bopo-
HE3bKMM XiMiKO-TE€XHOJIOIIYHUM IHCTUTYTOM
(3aBigyBau kadenpu i HAyKOBO-IOCITIAHOI /Ta-
6oparopii 3 KomoigHoi Ximii), BopoHespkum
yHiBepcuTeTOM (JleKaH XimiuHOro ¢axynbre-
Ty), HOBUM Jlep>kaBHMM HAyKOBO-OCTiTHIM
IHCTUTYTOM KOJIOIIHOI XiMil, JgUPEKTOPOM
AKoro 3pemror i craB A. B. JlyMaHCHKMIAL.
Hesabapom BiH, BXe Oyayunm mnpodecopom
BopoHe3bKOro cCibCbKOrOCIOAAPChKOTO iH-
CTUTYTY, OpPraHi3yBaB BeIUKY HAayKOBO-JO-
CTigHY mabopaTopito KomoigHoi Ximii, posmmm-
peHy IicA peBOJIOLI, B0 AKOI II0Yanu Ipu-
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DKIDKaTU U1 yYacTi y AMCKYCiAX, HAaYKOBUX
ceMiHapax ab0 g HAyKOBUX [JOCIi/KeHb
BUCOKOKBaTipikoBaHi Mpal[iBHUKM IHIINX
HaBYa/IbHNUX 3aK/IaJiB i3 Pi3HMUX MICT KpaiHu.
Ay 1934 poui 3a imimiatuBu JlyMaHCBKOTro
BiOynmacs mepura KoHgepeHIis 3 KOMOigHOI
ximii, y AKiil B3AIM y4acTh O/IM3bKO CTa HAYKO-
BUX IpaliBHUKIB — axiBIIiB 3 KOMOITHOI XiMil
KpalHM Ta MONOAMX HayKoBLiB. Ileir mepiopn
HiAZIbHOCTI BBA)KA€ThCA IIOYaTKOM CTBOPEHHA
HayKOBOI IIKOMM AHTOHa Bonopummposuya
HymaHncbKoro.

3a pocnmimkeHHs (yHZAMEHTaJIbHOTO i
IPUK/IAJIHOTO XapaKTepy, OB sA3aHi i3 3acTo-
CyBaHHAM MeTOny (i3yko-xiMiuHOTO aHaIi3y
KOJIOIfIiB [I/I Xap4OBUX IIPOAYKTIB, y 1932 p.
Ilymancekuit  O6yB  ymocroeHmit  Bemukoi
Menpeneecbkoi npeMii «Pi3uko-ximMidyHMIA
aHami3 KomoigHmx cucreM». Cepen 00’€KTiB
jioro ocobnmuBoi yBaru OyIM IOCIiJKEHHS
3B’A3aHOI BOAM, IPYHTIB, Topdy, IPOAYKTiB
Xap4yoBOI IIPOMMCIIOBOCTI, Oflep>KaHHA HOBO-
ro Karajizaropa y BUPOOHMITBI KaydyKy 3i
CIUPTY TOLLIO.

Y 1933 p. A. B. [lymancpkoro o6paHo ure-
HoM-KopecnioHzenToM AH CPCP. 3a jioro iHi-
niatusoro y 1935 p. nmoyann BugaBatu «Kom-
JIOVHBIN >KYpHa/I», Ie BiH BIIPOAOBX Oara-
THOX POKiB OYB BifIIOBija/IbHNM peaKTOPOM.
Y 1940 p. Buitiia B cBiT itoro MoHOrpadis
«JInopMIBPHOCTD UCTIEPCHUX CUCTEMY, y AKil
NIpeJCTABAEHO BEIMKUI MaTepiazn, IO OXO-
IUTIOE Pi3Hi CTOPOHM BYEHHA PO 3B’A3aHY
BOJY i MioQiNbHICTD JUCTIEPCHUX CUCTEM y Li-
7IoMy. 3Ha4HO Iepepo0sieHe i OIIOBHEHEe HO-
BUMM JJAaHVIMU IIPO MeXaHi3M yTBOPEHHS 3B’-
3aHOI BOAM, IIPO TEPMOAMHAMIKY IIpOILIECiB
3MOYYBaHHA Ta iH., Ipyre BUJAHHA 1ii€l KHU-
rm 6yn0 3[ifiCHeHO BUIaBHMUITBOM AKazemil
Hayk YPCP y 1960 poui.
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A. B. lymMaHCbKMII 3aBXXIY IIParHyB Y CBO-
iX mocmimKeHHAX 00’egHyBaTN poboTn PyH-
JIaMEHTAJIbHOTO XapaKTepy 3 pO3B’A3aHHAM
IPUKJIAIHUX 3aBIaHb, TOMYy cepef 00 €KTiB
NOCTiKEeHHA IPYHTH, Top(, 6arato mpoayk-
TiB Xap4oBOI NMPOMUCIOBOCTL. Y 20-TuMX po-
Kax (1921-22) sa saBpanHAM ligpoTopdy y
3B’A3Ky 3 OYIiBHMIITBOM BeIMKNX €TeKTPO-
cTaHLiil Ha TOpdi AHTOH J[yMaHCBKUIT BUKO-
HaB JOCIiI>KeHHS KOJIOITMOXiIMIiYHMX BIaCTU-
BOCTell TOpdy Ta IMpolLeciB JIOro CyNIiHHA.
3anponoHoBaHi JlyMaHCBKMM TEXHOJOTiIYHi
PO3po6KY, 0COOMNBO METON 3HEBOJHIOBAHHS
TOpdYy, 3rogoM OyIn MMPOKO BUKOPYCTAHI y
TopdoBu00yBHINT 1pomucnoBocti. Cepen
YJC/ICHHNX METOJIB 3HEBOJHIOBAHHA Topdy
MeTop;, JlyMaHCbKOTO BBa)Ka€TbCA HANOiMbII
pauionanpHuM. IIpu cTBOpeHHI mpomucio-
BOTO CIIOCO0OY Ofjep>KaHHs CUHTETUYHOTO Kay-
4yyKy A. B. JlyMaHChKUII 3alIpOIIOHYBaB edek-
TUBHUIA KaTajli3aTop y KOJIOIMHO-AVCIIEPCHO-
MY CTaHi [i/I Ofiep>KaHHA HaTPiiiAVBiHIZIOBOrO
Kay4dyky 3i cmpty. Crioci6 Takoxx BUIpoOy-
Bamu y mpomucnobocTi. A. B. Jlymancbkui
3poOUB iCTOTHMII HAayKOBUII BHECOK y PO3-
pPOOIEHHSI OCHOB TEXHOJIOTIYHMX IIPOLieCiB
Xap4oBOl MPOMMCIOBOCTI, pO3KPUB 3HAYE€HHA
BOJJOPO3YMHHUX KOJIOIfIiB Y TeXHOOTii X1i60-
HeYeHHs, 1[yKpOBapiHHA, BUHOPOOCTBA, Y KO-
HIUTEPCbKOMY, KOHCEPBHOMY, NIMBOBAPHOMY,
IPIKIXKOBOMY, KPOXMaJIO-IIATOYHOMY BUPOO-
HIULTBAX.

IlocTanoBoio Buiioi aTecTailiitHol KoMmicii
npu BKBII y 1935 poui A. B. Jlymancbkomy
IPUCY/PKEHO HAayKOBMII CTYIIiHb JOKTOpa Xi-
MiYHMX Hayk (6e3 3aXMcTy).

[Tepuii poxn Ipyroi cBiTOBOI BiliHM AHTOH
IlymaHcpKuii nepebyBaB B M. AniMa-Ara, Jie 3a-
BiflyBaB Kadenporo ¢isnuHoi i komoigHoi Ximii
Kasaxcpkoro yHiBepcurery. Kpim Toro mig yac
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BiJIHM BiH 3aJIMaBCA CTBOPEHHSAM IIPOTHUTAH-
KOBUX 3aco0iB i3 MiclieBOI cupoBMHMU, B pe-
3y/IbTaTi YOTO Ha JEeAKNUX 3aBOJjaX I10Ya/IN BU-
TOTOBJIATY TOPIOYi PifiVMHM 3 BiIXOAiB BUPOO-
HUIITBA CMHTETUYHOTO Kay4yKYy, a TAKOX OyIn
OpraHi30BaHi CIelMaiiCTepHi, AKi ITOCTadaNIN
(bpPOHTOBUKIB 3ac06aMM /I CIIa/TIOBAaHHA BO-
poxxux TaHkiB. Ilif gac BiitHM B maboparopil
JymaHcbkoro Oymm posropHyTi it iHmmi po6o-
TU, AKi Ma/M CyTTEBE 3HAYEHH:A JI/IA Ha/laHHA
IieBoi formoMory GPpoHTY Ta THUITY.

3a BeIUKY HAYKOBY pOOOTY, IiTOTOBKY
KaZipiB 1 JOIOMOTIY TOCIOJApChbKUM OpraHi-
3anisam AHToH JlymaHcbkuit y 1942 poui 6ys
YAOCTOEHMI 3BaHHsA 3aC/Ty>KEHOTO Jisfvya Hay-
ki i texniku Kasaxcpkoi CPCP. Hanpukinni
BilfHM — OTPMMaB 1€ [IeKi/IbKa YpsAJOBMX Ha-
ropoj 3a BUJIATHI 3aC/TyT¥ Y CIPaBi MiZiTOTOB-
K11 QaxiBIiB /I HApPOJHOTO TOCIIOAAPCTBA,
Ky/JIbTypHOTO O6yniBHUIITBa (OpzeH /leHiHa), 3a
3aC/IyIM y PO3BUTKY HayKM i TexHikn (opjeH
Tpymosoro Yepsonoro IIpanopa) ta ixmi Ha-
ropoau.

ITosepnyBmucy 1o Kmepa y 1945 pou,
A. B. lymancpknit 6yB 0O6paHmit BijfiCHUM 4rie-
Hom AH YPCP i ogonus IncturyT 3aranbHol
ta HeopraHiunoi ximii AH YPCP. Bin nepe-
OyBaB Ha IOCafii AUPEKTOpa YIPOROBXK 1945-
1960 poxkiB. [IiA/IbHICTD CBOIO pO3IIOYaB 3 BiJ-
HOBJIEHHA [HCTUTYTY, AAKMII 3a3HAB 3HAYHUX
MOIIKO/KeHb ITi Yac BiliHM: Ha/MarokKeHHs
HOpPMa/IbHOI po060TM IHCTHUTYTY, PEMOHTY
MaiiCTepeHb, BiJJHOBJIEHHA PEHTIEHOCTPYK-
TYpHOI 71ab0opaTopii, y CTBOpEHH] AKOI CBOro
4acy 3HauHy ponb Bigirpas B. II. Yammii. Kpim
Toro Oy/10 opraHisoBaHo HOBY A/ IHCTUTYTY
nmaboparopito konoigHoi Ximil. BopgHowac y
1946 poui AnToH BonmogummpoBuy 3aBipmy-
BaB Kadenpow ¢isuyHOoi i KomoigHOl Ximii
B KuiBcbKOMy Jiep>KaBHOMY YHiBe€pCHUTETi
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im. T. I IlleByenka Ta kadempor 3 TAKOW X
Ha3BoI B KMiBCbKOMY TEXHONIOTiYHOMY iHC-
TUTYTi Xap4OBOI IPOMMCIOBOCTI.

Y HoBOCTBOpeHill naboparopii KomoigHOI
ximii I3HX AH YPCP, aky ¢akruuno 6ymo
OpraHisoBaHo y 1946 poui, iz KepiBHUIITBOM
JlyMaHCBKOrO IpanoBany CHiBpOOITHUKM —
MmaitbyTHi akagemik AH YPCP @. [I. Os-
yapeHKo, 4aeH-kopecnoHjgeHT AH VYPCP
O. [I. Kypmnenko, MOKTOp XiMiYHMX HayK
E. M. Harancon Ta iHII HayKoBLi. 3 MeTOIO
BUBYEHHS TifpOQIIbHOCTI KOTIOITHUX CHUCTeM-
HUMM Oy BUKOHAHI TepMOXiMiuHi ecrepu-
MEHTH, fAKi Jlalm MOX/IMBICTb 3’sCyBaTu Xa-
pakTep 3B’s3aHOI BOAM, Ta JOCHTIKEHHS [ie-
nekTpu4HuX ctamx. OCHOBHY yBary 6ymo 30-
cepepKeHO Ha TePMOXIMIYHMX, afCcOPOLitHNX
i miemeKTpUYHUX JOCTIHKEHHAX TigpodimbHNX
KonoifiB. 3 uiei maboparopii mortiM BuUmiM-
i 1abopaTopito KOMOifHOI Ximii AycrepcHux
MiHepamiB (3aBigyBau — @. [I. OBuapeHko) i
abopaTopito KOMOITHMX MeTasiB (KepiBHUK —
E. M. Harancon). Csoro yacy E. M. Hatancon
i3 criBpoOiTHVMKaMy 3aIIpOIIOHYBAB OPUTiHATIb-
HUJ METOJ] Ofiep>KaHHA KOJOIGHMUX MeTaliB
€JIEKTPOJIi30M i3 ABouIapoBux BaHH. Lle mano
LIMPOKI MOXKIMBOCTI JI/IA OTPMMaHHA KOMIIO-
3ULITHMX IIOKPUTTIB Ha OCHOBI ITO/IIMEPiB, Me-
TajIiB, HeMeTaNiB. Yci Tpu nmaboparopil ckramm
CexTop ¢isnynoi ximil AMcmepcHUX cucrem
(ckopoueno — CekTop Ko/oifHOI Ximii) Ha yori
3 A. B. lymancpknM. ¥ 1968 poui Ha 6asi 1jpo-
ro Cexropy KonoigHoi xiMmii i Cexropy ximii Ta
TexHosoril ouninenusa sompu ISHX AH YPCP
(kepiBHUK — JI. A. Kynbcbknii, TakoX y Maii-
OyTHbOMY aKajeMik) 6y/0 cTBopeHO IHCTUTYT
KosoigHoi ximii Ta ximii Bogu AH YPCP (cko-
poueno - IKXXB AH YPCP).

Y nmeit mepion AHTOH JlyMaHCBHKMII CTaB
TAaKOXX BiJIIOBiJa/IbHUM PE€IAKTOPOM «YKpa-
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iHCBKOTO XiMi4HOTO XXypHaIy» (CKOpOYEHO —
«YXK»). Tlounnatoun 3 1948 poxy >KypHan
novana BugaBatu Akajiemisa Hayk YPCP Ha
6a3i IncTuTyTy 3arampHOi Ta HeOpraHi4HOI
xivii AH YPCP y Kuesi. Bin 6yB 06’epmHa-
HUI 3 )XypHa/moM «3anucku IHCTUTyTy Ximii
AH YPCP» (BumaBamuca 3 1934 poky) i
yCIIAJKyBaB JOr0 HaMKpalli Tpaanunii. I3
«3alMCcoK» [0 «YKpalHCBKOTO XiMi4HOTO
JKyPHaTy» HEPENIIN MpalloBaTy MPeNCcTaB-
HIUKM HayKOBMX LIKin akafeMmikiB AH YPCP
B. A. IInorHikoBa Ta A. B. JlymaHcbKoOro:
B. O. Is6exos, f. A. ®iankos, A. K. babko,
0. K. Henimapcbkuit, ®@. JI. OB4apeHKo Ta iH.
ITpu A. B. JlyMaHCbKOMY [I0 CKJIafly pe€fKO-
nerii «YXJK» yBiiimm HaiBifoMimi BYeHi —
ynenu akazgeMii AH YPCP O. I. bponcbkuii,
A. 1. Kinpianos, I. M. ®panuesny, €. A. Iln-
noB, €. C. bypkcep. JKypHan MaB BUCOKMII
PEVITUHT i 5K Y Ji3epKasi BifoOpaxxaB pe3yb-
TaTV HOBITHIX IOC/Ti/I>)KeHb XiMiKiB 3 yCiX raay-
3e XiMIYHOI HayKM.

ITicna nepeispy mo Kmnepa A. B. Jlymancbkuit
OCHOBHY yBary 30CepefuB Ha TepMOXiMid-
HUX, afiCOPOLIHUX i [jieIeKTPUYHUX JOCTTi-
IDKeHHAX rigpodinbamx komoimis. Tak mo-
YaBCA HOBMM IUIJHUI IIepiof; HiATbHOCTI
A. B. JlymaHCBKOTO, a pe3ynbTaTi AKOTO Iifi-
TBEPAV/IV ICHYBaHHA 1 ITOJA/IbIINIT PO3SBUTOK
KOJIOITHOI XiMil KMIBCHKOI IIIKOJIM BYEHUX-KO-
noigHukiB. Knacuyuymu cramm itoro poborn
y ranysi mioginbHOCTI AMCHEPCHUX CUCTEM.
Buennii BuABMB 3arajbHi 3aKOHOMIipHOCTI
B3a€MO/Iil IO/IiMepiB 3 pifVHaMM Ta BYBYaB
MexaHi3M 1poro mpouecy. Oco6mmMBoO BaXK/u-
BUM € LMK poOiT 3i 3aCTOCYBaHHSA METOLY
¢isnko-xXiMiYHOTO aHAII3y M KOCiHKEeHHs
BJIACTUBOCTEN KOMOIMHUX CUCTEM, 3a SIKUI, SIK
Oyr1o Bxe 3a3HaueHO Bulle, A. B. [lymancbkomy
IIPUCY[)KEHO BENIMKY MeHJeneeBcbKy IIpe-
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Milo. 3HauHy yBary BiH IPUIIAB CUHTE3Y
KOJIOIfIiB, BUBUYEHHIO OCHOBHUX (i3MKO-XiMid-
HUX BJIaCTUBOCTEV NMiOQIIbHUX ANUCIEPCHUX
CUCTEM Ta IXHbOMY IPAKTMYHOMY 3acCTOCY-
BAaHHIO. YiTKO OOIPYHTYBaB YSBJICHHA IIPO
3B’A3aHY pigMHYy AK Mipy miodinrpbHoCTi. Pasom
i3 cBoiMUM YYHAMU pO3B’sA3aB HU3KY Teope-
TUYHUX TUTaHb 110 BU3HAYEHHIO 3arajbHUX
3aKOHOMIPHOCTEI  B3a€MOJil  BMCOKOIIOJIi-
MepiB i3 pisHUMU piguHaMu; po3poOUB HOBI
MeTOAY Ki/IbKiCHOrO BJM3HAYeHHS 3B s3aHOI
BOJM 1 3arajibHi NPUHUNIIN Hioq)inie.auil' TAC-
nepcHMX ¢a3: BUKOHAB HU3KY a/ICOPOLiHNX,
JieNIeKTPUYHMX 1 TEPMOXIMIYHMX JTOCTi[>KEHb
rifpodibHUX KOMOIfiB, @ TAKOX TOCTiKEHb,
IIOB’S13aHMX i3 TEXHOJIOTi€l0 6araTboX ramysei
Xap40BOI IIPOMMCIIOBOCTI.

B ocranHi poku >xurta AHTOH Bonopu-
MUpoBMY JlyMaHCBKMII KE€PYBaB MOCiKEH-
HSIM BJIaCTMBOCTEN TifpodinbHUX mOnimMepis,
IJIACTUYHUX MacTWi, OEHTOHITOBMX ITIMH
YPCP, noBepxHeBO aKTMBHUX pP€4OBUH, BU-
HaliIecHHAM HOBUX MeTOf[iB 60poThOU 3 pinbT-
pali€ro BOAY B KaHalaX Ta BOAOVIMUIILAX B -
HA YKpaiHM, BUTOTOB/IEHHAM BUCOKOMCIIEPC-
HIX ITIOPOLIKiB METaJIiB TOLIO.

OkpiM B/lacHe HayKOBOI  JifiTbHOCTI
A. B. JlyMaHCBKMII aKTMBHO 3aliMaBCsi Hay-
KOBO-aJJMiHICTPAaTUBHOIO Ta OpraHi3aliifHOIO
po60TOI0, OYB eHepriilHNUM, TATAaHOBUTUM Op-
raHizaropoM. BiH o4omoBaB BeMMKi HayKOBi
konekTuBu y Knesi Ta Boponexi — gupexrop,
JleKaH Ta 3aBiflyBad kadenp Ta HAYKOBUX JIa-
6oparopiit 3 ¢pisnvHOI i KOMOiTHOI XiMil B pi3-
HUX HAYKOBUX YCTAaHOBAX; Yy[OBUI JEKTOP,
Ta/laHOBMUTUI II€JAror i BUXOBATe/Ib HaYKOBOI
MOJIOJi; HEOJJHOPA30BMIl JIeIyTaT MIChKOI Ta
obmacHol pap genyTariB Tpypammx (y 30-Tux
POKax MUHYJIOTO CTOJNITTA); OyB 3aCHOBHM-
KOM i 6ararto pokis pegakTopoMm «Komoigaoro
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JKypHaly». BiJIOBiJaIbHUM  peJaKTOpPOM
«YKpalHCbKOIO XiMiYHOIO JKXYpHasy», OpraHi-
3aTOpPOM HAayKOBMX KOH(epeHLill Ta Hapaf;.

Y 1933 poui itoro 06paHo YIeHOM-KOpec-
nongenTom Axapmemii Hayk CPCP, a 'y 1945 -
akagemikom AH YPCP; 3 1946 poky - BiH
yreH broopo Bimginenusa ¢isnko-maTemaTny-
Hux i ximiunmx Hayk AH YPCP. Haykosa i
rpomaficbKa AisinbHicTh A. B. JlymaHCBKOTO B
AH YPCP orpumarna BUCOKY OIiHKY: BiH OyB
YAOCTOEHMNII TIOYECHOTO 3BaHHA 3aC/Iy>KEHOT0
misya Haykm YkpaiHcpkoi PCP. Xapakrepna
puca HaykoBoi mkomu A. B. JlymaHcbKOro —
ocobmmBa atMocdepa TBOPUYOCTI Ta BUCOKMIA
K/Iac BMKOHaHUX pocniifxkenb. Cepen mpep-
CTaBHMKIB 1i€i HAYKOBOI IIKO/IX BiJoMi BU€Hi:
akagemik HAH Ykpaimm @. JI. OB4apeHKo,
yieH-kop. O. JI. Kypwunenko, mnpodecopu
P. €. Heiiman, 0. 1. Tapacesuy, C. €. Xapin,
IT. M. Cinin, L. 4. Bens, €. ®. CuMoHOB Ta iH.

Po6oTtu A. B. JlyMaHCBKOTO B Tanmysi CUH-
Te3y KOJIOifiB, PisuKo-xXiMiYHOTO aHasIi3y KO-
JIOITHNX CUICTEM, BUpillleHHs Tpo6iieM 3B s13a-
HOI Boau i 1iodinbHOCTI AMCIIEpCHUX CHCTeM
Ta IXHbOTO NPAKTUYHOIO BUKOPUCTAHHA Ma-
I0Tb BUJIJaTHE 3HAYEHHA B iICTOPMYHOMY PO3-
BUTKY HayKM PO KONMoigu. 3a KepiBHMIITBA
i 3a xoHcynbryBaHnHA A. B. JlymaHcbKoro
MiITOTOB/IEHO MOHaJ 50 KaHguaaTiB i 6/113b-
Ko 20 mokTOopiB HayK. JJOBronmiTHA aKTMBHA
TBOpua JAiAnbHicTh A. B. Ilymancpkoro cra-
A PKEPENIOM JIJIA IOIIYKY i PO3BUTKY HOBUX
IporpecuBHUX (PyH/JaMEHTAIbHUX HAYKOBUX
imeil Ta ofepKaHHA NPAKTUYHUX IPUKIIA[-
HIX pe3y/bTaTiB.

A 'y 1967 poni AnTOH [IyMaHCBHKMIT Bifliii-
1IoB y BivHicTb...

¥ 1980 poui 3 Harogu Big3HadyeHHA 100-piy-
4s akafiemika A. B. JlyMaHCPKOTO — OJHOTO 3
OCHOBOITO/IOKHMKIB KOJIOIJTHOI HaYKV B HaIIIii
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KpaiHi - yioro imM’s1 6y/10 npucBo€HO IHCTUTYTY
KomoigHoi ximii Ta ximii Bogut AH YPCP .

Ak Bxke Oymo 3asHadeHo Buie, IKXXB
AH YPCP 6yB cTBOpeHMIT AK CaMOCTilTHMI
HAYKOBMII 3aK/aJi y CUCTeMi AKajieMil Hayk
Ykpainu y 1968 pomni Ha 6a3i CekTopy oi-
3MYHOI XiMil gucnepcHux cucreM ta CeKTopy
ximii i texmomnorii Bogu I3HX AH YPCP
[IepminM IMPEKTOPOM «KOJOIFHOIO IHCTUTY-
Ty» KOPOTKMit nepiox 6y akasemik AH YPCP
®@. JI. OB4apeHKO — OJjMH 3 Y4YHiB Ta IIOC/Ii/I0B-
HUKiB A. B. JITymancpkoro. Bin npomosxyBas
11 gayi po3BuBaTy QisMUHY XiMil0 AUCIIEPCHUX
MiHepasliB, BYBYaB IIOBEPXHEBI BIACTUBOCTI
AVCIEePCHUX MiHepasiB Ta IXHiil 3B’sA30K i3
KpMCTanoXiMiyHOIO OymoBOIO — iOHHWII 006-
MiH, niodinbHIiCTb, afgcopbuio, 6ymoBy rpa-
HUYHUX Ta aficopOuiitHux mapis. Hacrymanm
IVPEKTOPOM BIIPOJIOBX ceMM POKiB (1968-
1975) TakoXX CTaB KONMIIHII y4eHb i KoJera
Hymancbkoro 4neH-kopecrnonfieHT AH YPCP
O. [I. Kypunenko, Axuit BogHO4Yac 6yB 3aBify-
BaueM Binpiny enekrpoximii i TepMOgVMHAMIKK
IVCTIEPCHUX CUCTEM, Bif 1975 poky - 3aBiny-
BayeM Bifginy KonoigHoI XiMil 1ostieneKTpoti-
TiB Ta gucnepcin IKXXB. Voro HayKOBI JOCIi-
IDKEHHsI CTOCYBAJIACH cTabinpHOCTI AycHepc-
HUX CUCTEM, €IeKTPOXiMil IOJIieIeKTPOJIiTiB,
rigparaiil BUCOKOMOJIEKY/IAPHUX CIONYK, Xi-
Mii IOBepXHEBYX ABMUIL, IPUPOAY i MEXaHi3My
B3a€MOIil BOAM 3 IigpodiIbHNMU CIIOTYKaMu
TOLLO.

Y 1991 p. Takox 3acHOBaHO IHcTHTYT 6iO-
konoignoi ximii HAHY. Opranisatopom ycra-
HOBU OyB 3HOBY K Takn y4eHb A. B. Jlyman-
cpkoro akasieMik HAH Vkpaimum O@. [I. Os-
YapeHKo, iM’A SAKOro IHCTUTYT HOCKUTB i3
1998 p. OcHOBHI HampAMKM Ipallb y4HIB i
nocnigoBHukiB @. JI. OBuapeHka — 6iokoro-
iMHa XiMif NPUPOAHUX Ta CUHTETUYHUX JIVIC-
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IepCHUX CUCTeM i MarepiasiB; 6ioTexHomoOril
30arauyeHHs MiHepa/jbHOI CMPOBVHM Ta 3aXMU-
CTy HaBKOJVIIHBOTO CepefoBUINa; (isudHa
Ta KOJOIJHA XiMiA [OMCIIEpCHUX Marepiaslis;
NPVHLINIINA, METOAY Ta TEXHOJIOTII IXHbOTO BH-
KOPMCTAaHHA B IPOMMCIOBOCTI Ta iHIIIe.

Haykxoeéa wxona - Haykoeéa cnaowuna
Anmona [fymancvrozo.

SIK OmVH 3 OCHOBOIIO/JIOKHMKIB KOJIOITHOI
Ximil Ta 3aCHOBHUKIB HayKOBOI ILIKOIM Xi-
MIiKiB-KO/IOIIHMKIB B YKpaiHi, AHTOH Boo-
IUMUPOBUY  JIyMaHCBKMIT 3alMIINB CBOIM
YYHAM, IOCTiZOBHMKAM Ta HACTYIIHUM II0KO-
JMiHHAM XIMIKIB 3HaYHy HAyKOBY CIIAJLIVHY.
A. B. JlymaHCbKMI1, BUBYAaIOUM JUCIEPCHI, TO-
JIOBHMM YMHOM KOJIOIIHi CUCTeMMU, YBIB Y KO-
NoigHy XiMito ¢isuvHI MeTORM JOCTiPKEeHHS,
po3pobuB 3arampHi mpmHUVIHM niodimizanii
pucriepcHMX (a3, BCTAHOBUB ITiIBMINECHHS
KOHIIEHTpaljii coJsieil Npy BBEJEHHI y IXHiil
PO3YMH JKENATVHY, WO 3TOOM CIPUAIO BU-
SIBJIEHHIO POJIi BOJY, 3B’ I3aHOI 3 KOJIOITHUMU
yacTKaMut. VloMy Ha/leXUTb ifiest BUKOPUCTaH-
HS HOTY>KHOI LIeHTpUYyTy /11 BUMipIOBaHHSA
BEIMYMHM KONMOINHMUX 4YacToK. ocmimkeHns
A. B. JlymaHCBKOro IIOI0 3aCTOCYBaHHA JIO
KOJIOIfHUX cucTeM (isuKo-XiMiYHMX Aiarpam,
AKI JTO3BONAIOTD TOYHO ONNMCYBAaT! YMOBU
OCa/DKEHHA Ta YTBOPEHHA KOJOIIHUX PO3-
YJHiB, MAalOTb Be/MKe IPAKTUYHE 3HAYEHHS.
ITpani AnToHa Bonopumuposuda ta iioro yd-
HiB i3 conbBaTallil KOMOITHUX CUCTEM JOIaJI
CYTTEBMX 3MiH B TEOPil0 NMUTAHHA I B TEXHO-
JIOTiYHi Tpolecy BUPOOHUIITBA XapPUOBMX
IIPOAYKTIB Ta iHIIMX Irajry3eil IpOMMUCIOBOCTI.
B jioro HaykoBOoMy mopo6Ky moHaj 250 Hay-
KOBMX IIpallb, Y TOMY YMC/Ii HM3KAa MOHOIpa-
¢iit i moci6umkiB. CTypeHTH, Ie y HaBYaJIbHUX
3aKJIaJjaX BUK/IAAI0Th KypC KOIOIAHOI XiMil, i
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[OCi KOPUCTYIOTbCSA KHVDKKOBMMM BUJaHH:A-
MU i 1eKUiitHuM KypcoM A. B. JlymaHcbKoro.
IncTuTyT KOMOIMHOI XiMii Ta XiMil Bogu iM.
A. B. lymancpkoro HAH VYkpainu i Ha cpbo-
TOZIHI IIPOJIOB)KYE PO3LIMPIOBATH i pO3BUBATH
aKTyaJIbHi HaIIPAMMU JOCTi/IKEHb CYy4aCHOI KO-
JI01HOI XiMil, 3aK/IafleHi y HayKOBiil criaiIiHi
akajieMika AHTOHa JlyMaHCBKOTrO, po3po6ia-

TI Ha Cy4aCHOMY HayKOBOMY pPiBHi Teopil 7io-
¢binbHOCTI [IUCIIEPCHUX CUCTEM, PO3BUBATU
HAayKOBi OCHOBM) Ta TeXHOJIOTil BMPOOHMIITBA
HOBMX (inbTpyroumx MarepiasniB, copOeHTiB,
KaTajTi3aTropiB Ta iOHOOOMIHHMKIB Ha OCHOBI
NPUPOAHUX MiHepasiB Ta iHIIMX Marepiais,
BUPpIIIyBaTy NMPOOIEeMI YUCTOI BOAM Ta OXO-
POHM HAaBKO/IMIIHDOTO CEPEOBMUIIA.

Puc. 2. Konextus npoBifHMX HayKoBLiB IHCTUTYTY 3aranbHoi Ta Heopraniynoi ximii AH YPCP (1954 pik):
cuoamp: O. A. Illokor, 10. K. Jenimapcokuit, A. B. [Tymancokuit, JI. A. Kynbcbkmit,
A. K. babko, [I. I1. 3ocumoBny;
cmossmo (HyokHiit psan): B. I1. Yanwmit, C. [I. Hlapropoacekmit, I. M. lesixo, 3. A. lleka,
I ®. Opannesny-3abnynoscbka, M. A. Illepyenxko, B. C. Kogencobka, P. B. BoitijexoBcbkumit,
M. M. Ipaniancekniz, I. I1. Maitrax, b. . Mapkos;
cmoamp (BepxHiit pan): ---, E. M. Harancon, I. A. lleka, I1. IT. Typos, ®. [I.OBuapenko.

Fig. 2. A team of leading scientists from the Institute of General and Inorganic Chemistry
of the Academy of Sciences of the Ukrainian SSR (1954):
sitting: O. Shokol, Yu. Delimarskyi, A. Dumanskyi, L. Kulskyi, A. Babko, D. Zosymovych;
standing (bottom row): V. Chaly, S. Shargorodskyi, 1. Sheyko, Z. Sheka, G. Frantsevich-Zabludovska,
M. Shevchenko, V. Kodenska, R. Voitsechovskyi, M.M. Gratianskyi, G. Maitak, B. Markov;
staning (top row): E. Natanson, 1. Sheka, P. Turov, F. Ovcharenko.
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The article provides an overview of the
life and creative scientific path of Anton Du-
manskyi — a well-known chemist of our count-
ry, who is widely known abroad in the field of
colloidal chemistry, a corresponding member
of the USSR Academy of Sciences, a member
of the Ukrainian SSR Academy of Sciences,
professor, doctor of chemistry, an honored
scientist of the Ukrainian SSR, an honored sci-
entist of the Kazakh SSR, the director of the
Institute of General and Inorganic Chemistry
of the Ukrainian Academy of Sciences in the
forties and fifties of the last century. A brief
description of the scientific directions and
achieved results of the research carried out in
the field of colloidal chemistry is given, the role
of his research for the development of domes-
tic chemical science and the national economy
is determined.

Anton Dumanskyi is one of the founders of
colloidal chemistry in our country. Of particu-
lar importance are his works on the application
of the method of physicochemical analysis to
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the study of the properties of colloidal systems.
Dumanskyi was awarded the Mendeleev Prize
for a series of works on this issue. He paid
great attention to the study of the basic physi-
cochemical properties of lyophilic disperse
systems and clearly substantiated the idea of a
bound liquid as a measure of lyophilicity. With
a group of his students, he solved a number of
theoretical problems in a short time: he deter-
mined the general patterns of interaction of
high polymers with various liquids and studied
the mechanism of this process; he developed
new methods for the quantitative determina-
tion of bound water and the general princi-
ples of lyophilization of dispersed phases; he
found out the influence of bound water on
the dielectric properties of disperse systems.
Dumanskyi’s research, which is related to the
technology of many branches of the food in-
dustry, is especially fruitful. He is the author of
over 250 scientific works, including a number
of monographs and manuals. Under the gui-
dance and advice of Dumanskyi, over 50 can-
didates and about 20 doctors of science were
trained. He had government awards - orders
and medals.

In 1980, after the 100th birth anniversary
of academician A.V. Dumanskyi, his name was
assigned to the Institute of Coloid Chemistry
and Water Chemistry of the Natiomal Academy
of Sciences of Ukraine.

Keywords: colloidal chemistry, physico-
chemical analysis, colloidal solutions, scientific
school.
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