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The aim. To investigate the psychotropic activity of a series of N-aryl derivatives of (adamantan-1-yl)methylamine and to
identify a compound with anxiolytic and anti-phobic effects, devoid of myorelaxant action and not impairing cognitive
function.

Materials and methods. For the synthesis of target compounds, (adamantan-1-yl)methylamine, aryl bromides, and
zero-valent palladium complexes were used. Product isolation was carried out using column chromatography on silica
gel. Experiments were conducted on mice and adult male Wistar rats (12 months old). The psychotropic activity was
assessed based on the results of a number of tests: “Open Field,” “Elevated Plus Maze,” “Novel Object Recognition”, and
“Extrapolation Escape Task”. Anxiolytic activity was further studied in the Vogel conflict test. The assessment of possible
myorelaxant effects and impact on motor coordination was performed using the “Rotarod” and “Horizontal-Bar” tests.
Results. A series of N-aryl-substituted (adamantan-1-yl)methylamines were synthesized under Buchwald—Hartwig
amination conditions. During the optimization of reaction parameters, it was found that the standard catalytic system
Pd(dba), / BINAP in the presence of 1-bromo-4-fluorobenzene exhibited low efficiency (yield < 45 %). It was established
that the use of the phosphine ligand DavePhos facilitates overcoming steric and electronic hindrances and provides a
product yield of 74 %. In experiments on mice, compound XF (3 mg/kg) demonstrated significant anxiolytic and anti-phobic
activity in the “Open Field” and “Elevated Plus Maze” tests. Regarding the effect on declarative memory, compound XF,
along with XCl and XCN, showed a nootropic effect comparable to the reference drug phenotropil. In a second series of
experiments on adult Wistar rats (12 months old), the anxiolytic effect of XF was confirmed in the “Open Field”, “Elevated
Plus Maze”, and Vogel conflict tests. It was found that, unlike diazepam, compound XF does not cause a myorelaxant effect
and does not impair motor coordination (Rotarod and Horizontal-Bar tests), while preserving cognitive functions.
Conclusion. The obtained results demonstrate that searching within the series of N-aryl derivatives of (adamantan-1-yl)
methylamine for substances for in-depth investigation of psychotropic properties is promising. The introduction of a
fluorine atom into the aryl fragment is considered a strategic tool for expanding the spectrum of pharmacological action of
potential neuroprotectors.

Keywords: N-aryl-(adamantan-1-yl)methylamine; palladium; catalysis; psychotropic effect; anxiolytic effect; anti-phobic
effect; cognitive functions; motor coordination

Abbreviations: OF — Open Field test; EPM — Elevated Plus Maze test; NOR — Novel Object Recognition test; EET —
Extrapolation Escape Task; DMSO — dimethyl sulfoxide; DMF — N, N-dimethylformamide.
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Llenb. MccnepoBaTb MCUXOTPOMHYO aKTUMBHOCTb pAga N-apuanpousBoAHbiX (agamaHTaH-1-ua)metTunamuHa v BblAEAUTb
COeAMHEHME C aHKCUONUTUYECKUM W aHTUDOBMUECKUM AelCTBMEM, /IULLIEHHOTO MWOPENAKCUPYIOLWEro AEeWCTBUA, He
HapyLLAOLWEro KOTHUTUBHYHO GYHKLMIO.

Marepuanbl U metoapl. A CUHTE3a LieneBbliX COeAMHEHWI CNONb30BaAN (agamaHTaH-1-un)meTunamuH, apunbpomuapl,
KOMMN/IEKCbl HY/IbBAaNE€HTHOTO Mannasua, BblAeNeHNe NPoAYKTOB OCYLLECTBAAN C NOMOLLbIO KONOHOYHOM XpomaTtorpadum
Ha CUAMKarene. DKCMepUMMEHTbl BbIMOMHEHbl HAa MbIWAxX M B3POC/bIX Kpbicax-camuax Wistar (Bospact 12 mecAues).
McUXOTPOMHBIN NPodUb COEANHEHUN OLEHUBAAM MO pe3ynbTaTtam HaTapeun TectoB: «OTKpbIToe none», «MpunogHATbIN
KpecToobpasHbli  NabupuHT», «Pacrno3HaBaHWe HOBOro o06bekTa» W «TecT 3KCTPanoNALMOHHOrO W3baBneHUAY.
AHKCUONUTUYECKYIO aKTUBHOCTb JOMOHUTENIbHO M3y4anu B TecTe KOHPANKTHOM cuTyaumm no Vogel. OLeHKy BO3MOXKHOIO
MWOPENAKCUPYIOLLEro AEeNCTBUA U BAMAHUA Ha KOOPAMHALMIO ABUKEHWI MPOBOAMM C MOMOLLbIO TecToB «PoTapoa» u
«YpepaHne Ha ropU3oHTAIbHOM KaHaTUKe».

Pesynbratbl. CuMHTE3MpoBaH pAs N-apuasamelleHHblX (agamaHTaH-1-un)MeTMnammHOB B YCIOBUAX aMWHUMPOBAHMA MO
ByxBanbay—XapTeury. B xoge onTMMM3aLMM NapaMeTpoB peakLuu BblABAEHO, YTO CTaHAAPTHAA KaTaJUTUYeCcKas cuctema
Pd(dba):/BINAP B npucytcteun 1-6pom-4-dpTopbeH30Ma XapaKTepusyeTcs HU3KOW 3PEKTUBHOCTbIO (Bbixog <45%).
YcTaHOB/IEHO, YTO NMPUMEHEHUE foHOPHOro docduHoBoro anraHaa DavePhos cnocobcTByeT NPeofONEHNIO CTEPUUECKUX U
3/IEKTPOHHbIX 3aTPYAHEHUI U 0becneunBaeT BbIXoA NPOAYKTa Ha ypoBHe 74%. B sKCnepUMEHTaX Ha Mblllax coeaUHEHNE
XF (3 mr/Kr) nposBasfo 3HaYMMyH0 aHKCMOIMTUYECKYI0 M aHTUGOBMYECKY0 aKTUBHOCTb B TecTax «OTKpbiToe noae» u
«MpunoaHATLIN KpecToobpasHbIi NabUpPUHTY». Mo BANAHUIO Ha AEKNapaTUBHYO NamaTb coeauHeHue XF, Hapaay ¢ XCl u
XCN, npoAeMOoHCTPUPOBaNO HOOTPOMHbIA 3DEKT, CONOCTaBUMBbIM C MPenapaToM CpaBHeHUA dpeHoTponuaom. Bo BTopoit
CepuUM 3KCNEPUMEHTOB Ha B3POC/bIX Kpbicax MMHMKM Wistar (12 mecsALeB) aHKcMonuTuyeckoe aeicteme XF noarsep:kaeHo B
Tectax « OTKpbITOe none», «MpunoaHATbIN KpecToobpasHbii NabUPUHT» U KOHGAUKTHOW cuTyaumm no Vogel. YctaHoBneHoO,
4TO, B OT/IMYMeE OT Anasenama, coeauHeHmne XF He Bbi3biBaeT MUOpPenaKkcmpytoLero adpeKTa n He HapyLIaeT KOOPANHALLMIO
OBUXKEHWU (TecTbl «POTapoa» U «FOPU30HTA/IbHbIV KAHATUKY»), MPU 3TOM COXPaHAA KOTHUTUBHbIE GYHKLUU.

3aknioueHue. [llonyyeHHble pe3ynbTaTbl MO3BOAAIT CYUTATb MNEPCMEKTUBHbLIM MOUCK B pagdy N-apuanpousBOAHbIX
(apamaHTaH-1-un)metmnamuvHa BeLecTB AnA  YIYONEHHOro  UCCiefoBaHUA  MCUXOTPOMHbIX CBOMCTB. BBeaeHue
atoma ¢Topa B apusibHbIA GParMeHT PaccMaTPMBAETCA KaK CTPaTermyeckuit MHCTPYMEHT AA PaclMpeHUa CrekTpa
bapmaKonormyeckoro AencTenA NOTEHLMANbHbIX HEMPONPOTEKTOPOB.

KnioueBble cnoBa:  N-apun-(agamaHTaH-1-un)MeTUNaMWUH;  Nannaguii;  KaTanus;  NCUXOTPOMHOe  AeicTBue;
QHKCUONUTUYECKOE AelicTBUE; aHTUdOBMYECKOe AENCTBUE; KOTHUTUBHbIE GYHKLMU; KOOPAUHALMA ABUKEHWUIA

CnucoK cokpaueHuii: Ol — TecT «OTKpbIToe none», MK/ — TecT «MpUNOAHATbLIN KpecToobpasHblin NabupuHTt», PHO —
TecT «PacnosHaBaHWe HOBOro obbeKkTa», TOU — TecT aKCTpanonALMOHHOro usbasnenusa, JMCO — aumeTuncynbpokecup,
OM®A — N,N-gumetundopmamma,
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INTRODUCTION with adamantane improves the action of anti-HIV

Anxiety and depressive disorders are among
the most pressing problems of modern healthcare.
According to global data,
disorders rank first among all mental ilinesses in terms
of prevalence in the population [1-3]. Depressive
disorders, in turn, are diagnosed in 280 million people
and are the leading cause of disability among working-
age individuals [4]. The increase in their prevalence,
exacerbated by the consequences of the COVID-19
pandemic and socio-economic instability, necessitates
a continuous expansion of the arsenal of effective
and safe pharmacological agents for the correction
of anxious-depressive states [2, 5]. A key drawback of
many classical anxiolytics (e.g., 1,4-benzodiazepine
derivatives) is their negative impact on cognitive
functions, including impaired memory, attention, and
psychomotor reaction speed, as well as a high risk
of drug dependence [6, 7]. Therefore, the search for
new chemical compounds with pronounced anxiolytic
and/or antidepressant activity, devoid of side effects
on cognitive functions, is a relevant task.

Compounds containing the adamantane structural
fragment have become widespread, primarily due
to their diverse biological activity associated with
the unique lipophilic properties of the adamantane
scaffold and the virtually limitless possibilities for its
modification [8]. Among the numerous adamantane
compounds exhibiting activity, its amino derivatives
hold a crucial place. It is sufficient to note that out of
seven medicinal drugs currently registered on the
market that include an adamantane fragment in their
composition, four are derivatives of adamantane-
1-amine, (1-adamantyl)methylamine:
a-methyl-1-adamantyl methylamine, which has anti-
influenza activity, and saxagliptin, characterized by
high hypoglycemic activity. Substances in which the
structural unit (1-adamantyl)methylamine is present
in one form or another, depending on their structure
and the presence of other functional groups and
pharmacophore possess diverse
biological activity. As part of the development of more
effective anti-influenza drugs, several structures have

epidemiological anxiety

and two are

fragments, can

been created that combine this structural motif with
alicyclic rings of various sizes—from cyclopropane
to cycloheptane [9] or with a pyrrolidine fragment

[10]. For example, 2-(1-adamantyl)piperidines
are active against HIV-1 [11, 12], adamantane-
substituted thiazolidinones act as non-nucleoside

HIV reverse transcriptase inhibitors [13, 14], and an
eremomycin des-(N-methyl-D-Leu)aglucone modified
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drugs [15].

It is noted [16] that a 7-chloroquinoline
derivative of (1-adamantyl)methylamine, an analog
of chloroquine, is effective against malaria [16]. There
is also data on the effect of adamantane derivatives
on the nervous system. For example, a study [17]
demonstrated efficacy in blocking recombinant AMPA
receptors expressed in Xenopus laevis oocytes. An
adamantane analog of gabapentin [18, 19], a drug
for the treatment of neurological disorders, has been
developed, and P2X7 receptor antagonists based on
this structural motif have been obtained [20-23]. The
(1-adamantyl)methylamine fragment has also shown
perspectives when incorporated into natural antibiotics.
For instance, an adamantylated analog of gramicidin
C is promising as an antibiotic: it penetrates bacterial
cells but does not damage mammalian cells [24]. Thus,
the synthesis of new derivatives of (1-adamantyl)
methylamine and the study of their pharmacological
activity is a relevant task.

THE AIM. To investigate the psychotropic activity
of a series of N-aryl derivatives of (adamantan-
1-yl)methylamine and to identify a compound with
anxiolytic and anti-phobic effects, devoid of muscle
relaxant action and not impairing cognitive function.

MATERIALS AND METHODS

Animals

The study was performed on male outbred white
rats aged 13 months and weighing 350-400 g, obtained
from the vivarium of the Research Institute of Hygiene,
Toxicology, and Occupational Pathology (Russia,
Volgograd region, Volgograd).

The conditions for keeping laboratory animals
complied with all requirements of Good Laboratory
Practice for preclinical studies in the Russian
Federation.

After a 2-week quarantine, laboratory animals
were housed in the vivarium of the Scientific Center for
Innovative Drugs (Volgograd State Medical University)
with free access to food. Animals were housed in plastic
cages (545 x 395 x 200 mm, Type: T/4V, MEST LLC,
Moscow). Soft wood shavings were used as bedding.
The lighting regime was 12 hours of light and 12 hours
of darkness (automatic light shut-off at 8om and turn-
on at 08am). The ventilation regime ensured 14-15 air
changes per hour. Acceptable ranges for microclimate
parameters in animal housing rooms were those
defined by The Guide for Care and Use of Laboratory
Animals (National Academy Press, Washington D.C,,
2010). Temperature 20-22 °C, humidity 40-60 %.
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Study Design

Two series of experiments were conducted:

1) In Series 1, a screening study of the spectrum
of psychotropic effects was performed on mice using
a set of psychotropic tests: assessment of activity in
the “Open Field”, “Elevated Plus Maze”, “Novel Object
Recognition”, and “Wire Suspension” tests.

2) In Series 2, an extended study was performed
on rats of the most active compounds (according
to Series 1 data) for psychotropic activity in the
“Open Field”, “Elevated Plus Maze”, “Novel Object
Recognition”, “Extrapolation Escape Test”, “Vogel’s
Conflict Test”, “Wire Suspension”, and “Rotarod” tests.
The control groups, diazepam, and phenotropil groups
consisted of 6 animals each, while the groups receiving
the tested compounds consisted of 3 animals each. This
corresponds to the principle of Reduction in bioethics
(3R): 3 animals per group are sufficient for screening
new compounds, while 6 are needed for control and
reference drugs for reliable statistics.

The “Open Field” (OF)
assessment of specific behavioral elements reflecting

test allows for the

psychoemotional state, motor activity, and exploratory
behavior.

After placing the tested animal in the center of the
apparatus, the following parameters are recorded for 3
minutes:

— the number of squares crossed is interpreted
as spontaneous motor activity;

— the number of central sectors crossed (a
higher number corresponds to lower anxiety);

— the total number of rears and explored holes—
interpreted as exploratory behavior;

— the number of defecations and urinations (a
higher number is interpreted as vegetative correlates of
anxiety).

The “Elevated Plus Maze” (EPM) test is used to
study rodent behavior under conditions of variable
stress (with free choice of comfortable conditions),
allowing for the assessment of the animal’s anxiety and
fear levels, and is used for screening the anxiolytic and
anti-phobic activity of the compounds under study.

The tested animal is placed on the central platform
of the EPM with its head towards an open arm, and
for 3 minutes, using two stopwatches and a recording
template, the following parameters are recorded:

— the latency to leave the central platform into
any arm;

— the number of entries and time spent in the
open arms (OAs)—the potentially stressful zone of the
apparatus;
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— the frequency of entries and time spent
by animals in the closed arms (CAs), the potentially
comfortable zone of the apparatus;

— the number of crossings of the central zone of
the apparatus (when entering an open or closed arm) is
interpreted as an indicator of motor activity;

— the time to leave the central platform is an
indicator of decision-making speed; additionally, the
central zone of the EPM is also an illuminated open
space, and the time spent in it can be summed with the
time spent in the open arms.

Behavioral acts in the EPM test were recorded for
180 seconds.

The “Novel Object Recognition” test allows for
the assessment of short-term declarative memory.
It consists of two sessions: object familiarization and
retrieval. In the training session, two identical objects
are placed in the home cage without the top grid, 10
cm apart from each other and 10 cm from each wall
of the box, and the animal explores the box and the
objects within it for 3 min. The time spent exploring
each object is recorded. After exploring the presented
objects, the animals are returned to the same home
cage. In the retrieval session, 60 minutes after training,
the animals are placed in the same box, but one of the
objects is replaced with a new one. The objects differ
in shape and color but are approximately the same
size. Then, the animal freely explores the objects and
the box for 3 minutes, and the time spent exploring
each object individually is recorded. The discrimination
index is used to measure cognitive function, calculated
by the formula: (time exploring the novel object — time
exploring the “old” object) / (time exploring the novel
object + time exploring the “old” object) x 100. After
each test, the box is cleaned with 70 % alcohol.

The “Extrapolation Escape Test” (EET) provides
data on the speed of solving an extrapolation escape
task. During the “training” phase, the animal is placed
tail-down in an inner cylinder, and within 3 minutes,
it must solve the task: to duck under the edge of the
cylinder, after which it is removed from the apparatus.
Animals that fail to solve the “extrapolation task”
within 3 min are excluded during the first retrieval.
The “Retrieval-test No. 2”
after the initially performed test (after training). In
the Extrapolation Task Test (ETT), the task-solving
time is recorded—the time at which the animal dives

is conducted 24 hours

under the edge of the cylinder (thereby solving the
extrapolation task). A shorter time spent by animals
in one group receiving the test substance to solve the

Volume X1V, Issue 3, 2026
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ETT is considered better memory and execution of
the strategy to escape the aversive environment. An
increase in diving time (task-solving time) is interpreted
as amnesia (forgetting) by the animal of the active
escape from the aversive environment.

In the “Punished Water Intake by Vogel” test,
animals were subjected to water deprivation for 48
hours without food restriction. On the experimental
day, an electrode was connected to the water
dispenser, the rat was placed in the cage for 3 min,
and each water intake was punished by applying
current to the dispenser (1 mA). The total number of
animal approaches to the water dispenser during the
observation period was recorded.

The «Body Retention on a Horizontal Rope” test
assesses the animal’s ability to hold onto a horizontal
rope with its forepaws, which reflects its muscle
strength. For the test, a nylon rope with a diameter
of 0.5 cm is placed horizontally at a height of 100 cm
from the cage floor, which is filled with a 5 cm layer
of shavings. The animal’s forepaws are placed on the
rope, and its body is released downwards. The time
the rat holds onto the rope is recorded. For each rat, 3
repeated placements are performed, and these times
are summed. A longer retention time on the rope is
considered an increase in strength and performance,
indicating no myorelaxant effect.

The “Rotarod” test is used to assess animal motor
coordination. On the training day, animals were placed
on a rotating rod at a speed of 15 rpm. On the following
day, the time animals remained on the rotating rod was
recorded over 3 trials at the same rotation speed.

The  test
intragastrically at equimolar doses of 1/100 and 1/30
of the molecular weight, which amounted to doses

substances  were administered

of 3 mg/kg and 9 mg/kg for most compounds (Table
1). The reference drugs phenotropil and diazepam
were administered at doses of 30 mg/kg and 1 mg/
kg, respectively. Previous studies on the psychotropic
activity of compounds structurally similar to those
included in this work showed some psychotropic
properties at doses of 1/10 and 1/30 of the molecular
weight. At the low dose of 1/100, efficacy was
practically not observed.

Synthesis

'™H and ™C NMR spectra were
298 K on a Avance-400»
(operating frequency 400 MHz, internal
Me,Si). MALDI-TOF

recorded at
«Bruker spectrometer
standard
Positive ion

mass spectra
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were obtained on a Bruker Daltonics Autoflex |l

instrument  using  1,8,9-trihydroxyanthracene  as
the matrix and polyethylene glycols PEG-200 and
PEG-300 as internal standards. Preparative column
chromatography was performed using “Merck” silica
gel (40/60). The starting commercially available
compounds: 1-bromo-4-chlorobenzene, 1-bromo-4-
fluorobenzene, p-bromobenzonitrile, p-bromoanisole,
p-iodoanisole, 4-jodobenzotrifluoride, rac-2,2’-
(BINAP),
2-(dicyclohexylphosphino)-2’-dimethylaminobiphenyl
(DavePhos), rac-1,1'-bi(2-naphthol) (BINOL), sodium

tert-butoxide, cesium carbonate from SigmaAldrich

bis(diphenylphosphino)-1,1’-binaphthyl

and ABCR were used without special purification.
Amine 1 was prepared according to the method
described in [28]. Pd(dba), was synthesized according
to the method described by T. Ukai et al. [29]. DMSO
and DMFA of “ch” grade were used without further
purification, dioxane was absolutized by distillation
over sodium, dichloromethane and petroleum ether for
chromatography were freshly distilled.
N-(Adamantan-1-ylmethyl)-4-chloroaniline (1).
Method (a). To a 10 mL two-necked flask equipped
with a reflux condenser, magnetic stirrer, and filled
with argon, were added 1-bromo-4-chlorobenzene (1.1
mmol, 211 mg), Pd(dba), (1 mol%, 5.7 mg), BINAP (1.25
mol%, 7.8 mg), 5 mL of dioxane, amine 1 (1 mmol, 165
mg), sodium tert-butoxide (1.5 mmol, 144 mg), and
the reaction mixture was heated to reflux for 6 hours.
After completion of the reaction, the mixture was
cooled, the solution was separated from the precipitate
by filtration, the precipitate was washed with 5 mL of
dichloromethane, the combined organic fractions were
evaporated in a rotary evaporator under vacuum, and
the residue was analyzed by 'H NMR spectroscopy.
Method (b). Performed analogously to method
(a) using Pd(dba), (2 mol%, 11.5 mg), BINAP (2.5
mol%, 15.5 mg). Method (c). Performed analogously
to method (a) in a 25 mL flask using 1-bromo-4-
chlorobenzene (2.2 mmol, 421 mg), Pd(dba), (2
mol%, 23 mg), BINAP (2.5 mol%, 31 mg), amine 1 (2
mmol, 330 mg), sodium tert-butoxide (3 mmol, 288
mg), in 10 mL of dioxane. The reaction by method (c)
was performed twice. The combined residues from
methods (a), (b), and (c) were chromatographed on
silica gel using a gradient of eluents: petroleum ether,
petroleum ether—dichloromethane (9 : 1-1 : 1). The
target compound 2 was isolated with the eluent
petroleum ether—dichloromethane 9 : 1. Yield 906 mg
(55 %). '"H NMR spectrum, 8, ppm: 1.55-1.57 m (6H,
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CH,(Ad)), 1.63-1.75 m (6H, CH(Ad)), 1.99 br. s (3H,
CH(Ad)), 2.75 s (2H, CH;N), 3.96 br. s (1H, NH), 6.56
br. d (2H, 3, = 8.1 Hz, H2,2’(Ar)), 7.06-7.10 m (2H,
H3,3’(Ar)). *C NMR spectrum, §, ppm: 28.3 (3 CH(Ad)),
33.9 (C(Ad)), 37.0 (3 CHx(Ad)), 40.6 (3 CH(Ad)),
56.3 (CH;N), 113.5 (C2,2’(Ar)), 120.9 (C4(Ar)), 128.8
(C3,3’(Ar)), 147.1 (C1(Ar)). MALDI-TOF mass spectrum:
m/z, found 276.1565 [M+H]*. CiyH»3CIN. Calculated:
M +H 276.1519.
N-(Adamantan-1-ylmethyl)-4-fluoroaniline (2).
In a 25 mL two-necked flask equipped with a reflux
condenser, magnetic stirrer, and filled with argon,
were placed 1-bromo-4-fluorobenzene (2.2 mmol,
385 mg), Pd(dba), (4 mol%, 46 mg), DavePhos (4.5
mol%, 35 mg), 10 mL of dioxane, amine 1 (2 mmol,
330 mg), sodium tert-butoxide (3 mmol, 288 mg),
and the reaction mixture was heated to reflux for 6
hours. After completion of the reaction, the mixture
was cooled, the solution was separated from the
precipitate by filtration, the precipitate was washed
with 5 mL of dichloromethane, the combined organic
fractions were evaporated in a rotary evaporator
under vacuum, and the residue was analyzed by 'H
NMR spectroscopy. The synthesis was performed three
times. The combined residues were chromatographed
on silica gel using a gradient of eluents: petroleum
ether, petroleum ether—dichloromethane (9 : 1-1 : 1).
The target compound 3 was isolated with eluents
petroleum ether—dichloromethane (1.5 : 1-1 : 1).
Yield 970 mg (62 %). 'H NMR spectrum, &, ppm: 1.57—
1.59 m (6H, CHy(Ad)), 1.66-1.77 m (6H, CH,(Ad)),
2.02 br. s (3H, CH(Ad)), 2.75 s (2H, CHxN), 3.54 br.
s (1H, NH), 6.56 d. m (2H, %, = 4.4 Hz, H2,2’(Ar)),
6.86-6.90 d. m (2H, %, = 87 Hz, H3,3’(Ar)).
The spectrum corresponds to that reported in
S.P. Panchenko et al. [30].
4-((Adamantan-1-ylmethyl)amino)benzonitrile (3).
Method (a). To a 10 mL two-necked flask equipped
with a reflux condenser, magnetic stirrer, and filled with
argon, were added p-bromobenzonitrile (1.1 mmol,
200 mg), Pd(dba), (2 mol%, 11.5 mg), BINAP (2.5 mol%,
15.5 mg), 5 mL of dioxane, amine 1 (1 mmol, 165 mg),
sodium tert-butoxide (1.5 mmol, 144 mg), and the
reaction mixture was heated to reflux for 6 hours. After
completion of the reaction, the mixture was cooled,
the solution was separated from the precipitate by
filtration, the precipitate was washed with 5 mL of
dichloromethane, the combined organic fractions were
evaporated in a rotary evaporator under vacuum, and
the residue was analyzed by 'H NMR spectroscopy.
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Method (b). Performed analogously to method (a) in
a 25 mL flask using p-bromobenzonitrile (3.3 mmol,
601 mg), Pd(dba), (2 mol%, 34 mg), BINAP (2.5 mol%,
46 mg), 15 mL of dioxane, amine 1 (3 mmol, 495
mg), sodium tert-butoxide (4.5 mmol, 432 mg). The
combined residues were chromatographed on silica gel
using a gradient of eluents: petroleum ether, petroleum
ether—dichloromethane (9 : 1-1 : 1), dichloromethane.
The target compound 4 was isolated with eluents
petroleum ether—dichloromethane (2 : 1-1 : 1). Yield
940 mg (88 %). '"H NMR spectrum, §, ppm: 1.52-1.54 m
(6H, CH,(Ad)), 1.60-1.72 m (6H, CH,(Ad)), 1.97 br.
s (3H, CH(Ad)), 2.80 s (2H, CH;N), 4.42 br. s (1H,
NH), 6.54-6.56 m (2H, H2,2'(Ar)), 7.33-7.35 m (2H,
H3,3’(Ar)). C NMR spectrum, §, ppm: 28.0 (3 CH(Ad)),
34.0 (C(Ad)), 37.0 (3 CHx(Ad)), 40.3 (3 CH,(Ad)), 55.0
(CHzN), 97.2 (C4(Ar)), 111.8 (C2,2'(Ar)), 120.7 (CN),
133.4 (C3,3'(Ar)), 152.2 (C1(Ar)). MALDI-TOF mass
spectrum: m/z, found 267.1830 [M+H]*. CigH3N,.
Calculated: M + H 267.1861.
N-(Adamantan-1-ylmethyl)-4-methoxyaniline (4).
In a hermetically sealed 8 mL vial equipped with a
magnetic stirrer, were placed p-iodoanisole (3.75 mmol,
878 mg), Cul (10 mol%, 57 mg), rac-BINOL (20 mol%,
172 mg), amine 1 (3 mmol, 495 mg), cesium carbonate
(3.75 mmol, 1.22 g), 6 mL of DMF, and the reaction
mixture was stirred with heating at 140°C for 24 hours.
After completion of the reaction, the mixture was
cooled, the solution was separated from the precipitate
by filtration, the precipitate was washed twice with
5 mL of dichloromethane, the combined organic
fractions were evaporated in a rotary evaporator
under vacuum, and the residue was analyzed by 'H
NMR spectroscopy. The synthesis was performed
twice. The combined residues were chromatographed
on silica gel using a gradient of eluents: petroleum
ether, petroleum ether—dichloromethane (5 : 1-1 : 1),
dichloromethane. Target compound 5 was isolated
with  petroleum ether—dichloromethane eluents
(2 :1-1:1). Yield 920 mg (57 %). 1H NMR spectrum,
6, ppm: 1.57-1.59 m (6H, CH2(Ad)), 1.65-1.76 m (6H,
CH,(Ad)), 2.00 br s (3H, CH(Ad)), 2.74 s (2H, CH,N),
3.39 br s (1H, NH), 3.74 s (1H, OMe), 6.57-6.60 m (2H,
H2,2’(Ar)), 6.76—6.78 m (2H, H3,3’(Ar)). The spectrum
corresponds to that reported in the communication
by S.P. Panchenko et al. [30].
N-(Adamantan-1-ylmethyl)-4-(trifluoromethyl)
aniline (5). To a screw-capped
8 ml vial equipped with a magnetic stirrer,
p-iodobenzotrifluoride (3.75 mmol, 1.02 g), Cul (10

hermetically
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mol%, 57 mg), rac-BINOL (20 mol%, 172 mg), amine 1
(3 mmol, 495 mg), cesium carbonate (3.75 mmol,
1.22 g), and 6 ml DMF were added. The reaction
mixture was stirred and heated at 140 °C for 24 h. After
completion of the reaction, the mixture was cooled,
the solution was separated from the precipitate by
filtration, and the precipitate was washed twice with 5
ml of dichloromethane. The combined organic fractions
were evaporated in a vacuum rotary evaporator, and
the residue was analyzed by 1H NMR spectroscopy.
The synthesis was performed twice. The combined
residues were chromatographed on silica gel using
petroleum ether as the eluent. Yield 650 mg (35%). 1H
NMR spectrum, 6, ppm: 1.55-1.57 m (6H, CH_(Ad)),
1.63-1.75 m (6H, CH,(Ad)), 2.00 br s (3H, CH(Ad)),
2.82 s (2H, CH,N), 4.01 br s (1H, NH), 6.58-6.60 m (2H,
H2,2’(Ar)), 7.35-7.37 m (2H, H3,3’(Ar)). The spectrum
corresponds to that reported in the communication by
S.P. Panchenko et al. [30].

Ethics approval

The study design was approved by the Local Ethics
Committee of the Volgograd State Medical University,
protocol No. 2022/116 dated March 04, 2022 (IRB
registration number 00005839 IORG 0004900 [OHRP]).

The following measures were taken to limit

pain and suffering of experimental animals in the
studies:

e The minimum possible number of experimental
animals was used in the experiment.

e High qualification of personnel involved in
the care and all manipulations with animals,
which were performed in accordance with
the standard operating procedures (SOPs)
developed in the laboratory. To exclude
the possible negative impact of circadian

biorhythms on the research results, all

experimental studies were conducted at

the same intervals and under the same

climatic conditions (all long-term studies
were planned so that their completion fell
within the same time of year, except for the
“holding”
Handling before experimental sessions allowed

for the exclusion of the negative impact of

stages without manipulations).

insufficient animal adaptation to the human
factor. It also provided an opportunity to
assess the health status of laboratory animals
for external damage (condition of the coat,
Euthanasia

mucous membranes, behavior).

Tom 14, Beinyck 3, 2026

upon completion of experimental studies
was carried out according to the rules of the

Guide 1.

Statistical Processing

Statistical analysis performed using the
GraphPad Prism 9.0 software package (GraphPad
Software Inc.,, USA). The conformity of the data
to the normal distribution law was assessed using
the Shapiro—Wilk test. To determine the statistical
significance of differences between groups with normal
distribution, one-way ANOVA was used, followed by

was

Dunnett’s post-hoc test (for comparing experimental
groups with the control). For distributions other than
normal, the non-parametric Kruskal-Wallis test was
used, followed by Dunn’s test. Results were presented
as the arithmetic mean and standard error of the mean
(M + SEM). Differences were considered statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

Synthesis of N-aryl derivatives

of (adamantan-1-yl)methylamine

For biological studies, several N-aryl derivatives of
(adamantan-1-yl)methylamine (1) were synthesized,
containing various electron-donating and electron-
withdrawing substituents in the para-position of
the phenyl ring. Reactions between amine 1 and the
corresponding bromoarenes were carried out under
palladium-catalyzed amination conditions, initially
in the presence of the Pd(dba), / BINAP catalytic
system (dba=dibenzylideneacetone, BINAP=rac-2,2’-
bis(diphenylphosphino)-1,1’-binaphthyl),
proven to be highly versatile, including for N-arylation
of various adamantane-containing amines [25, 26]. The
reactions were carried out using a 10 mol% excess of

which  has

bromoarenes, in the presence of sodium tert-butoxide
base, under reflux in dioxane (amine concentration 0.2
M) for 6 h (Fig. 1).

When performing Pd-catalyzed arylation of
primary amines, the lowest possible catalyst loadings
should be used to suppress side N,N-diarylation of the
primary amino group [25, 26]. When using 2 mol% of
the catalyst, the reaction of amine 1 with 1-bromo-
4-chlorobenzene proceeded with a 61 % vyield of the
target compound 2 in the reaction mixture. Upon
reducing the catalyst loading to 1 mol%, the yield
remained unchanged (60 %), while with a higher

* Guidelines for conducting preclinical studies of medicines; Scientific
Center for Expertise of Medical Products. Part 1. Moscow: Grif and K;
2012. 944 p. EDN: SDEWMP. Russian
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catalyst amount, the proportion of N,N-diarylation
product increased. Therefore, the synthesis scaling
was carried out with a Pd(dba)2/BINAP loading of
2/2.5 mol%. After chromatographic purification on
silica gel, target product 2 was isolated with a yield
of 55%.

In the
reactions in the presence of 2 and 4 mol% of
the Pd(dba)2 / BINAP catalytic
insufficiently effective, with the vyield of amination
product 3 not exceeding 45% in the
mixture. Replacing the BINAP ligand with DavePhos

case of 1-bromo-4-fluorobenzene,

system were
reaction
(2-(dicyclohexylphosphino)-2’-dimethylaminobiphenyl)
increased the product yield to 74% in the reaction

As a result,
chromatographically with a yield of 62 %. When

mixture. compound 3 was isolated
p-bromobenzonitrile was introduced into the reaction,
it proceeded excellently in the presence of 2 mol%
Pd(dba), / BINAP (93 % vyield in the reaction mixture),
and target product 4 was obtained with a preparative
yield of 88 %.

reaction with the electron-donating p-bromoanisole

However, the palladium-catalyzed

proved completely ineffective, with target compound
5 forming in a negligible 13% vyield, while C-C
coupling occurred to a greater forming
4,4’-dibromobiphenyl  (5a) 50%).

Consequently, an alternative copper-catalyzed arylation

extent,
(approximately

of amine 1 using p-iodoanisole was undertaken (Fig. 2).

We have previously established that copper-
catalyzed N-arylation reactions of adamantane-
containing amines proceed successfully with Cul
catalysis in DMSO at 110°C and in DMF at 140 °C
[20]. Copper nanoparticles can also be used when
conducting reactions in DMSO. In all cases, the optimal
ligand is rac-BINOL (1,1>-bi(2-naphthol)). Reactions are
carried out in the presence of cesium carbonate base
at an amine concentration of 0.5 M for 24 hours and
with a slight excess (25 mol%) of the arylating agent.
The reaction of amine 1 with p-iodoanisole proceeded
equally successfully in DMSO and DMF, with the vyield
of target product 5 being over 80 % (in the reaction
mixture) in both cases. For simpler isolation during
scaling (solvent evaporation without the need for
extraction), the reaction in DMF was chosen. After
chromatographic isolation, compound 5 was obtained
with a preparative yield of 57 %. Under analogous
conditions, the reaction with the electron-withdrawing
p-iodobenzotrifluoride was also performed, yielding
compound 6 with 72 % in the reaction mixture and
35 % after chromatographic purification. Thus, a
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series of five N-aryl derivatives of (adamantan-1-yl)
methylamine of high purity was obtained in quantities
of 0.6—1 g, suitable for biological testing.

Biological Studies

Results of Series 1 Studies

Series 1 studies on the effect of a series of
adamantane derivatives with substituents -F, -Cl, -CN,
-OMe, -CF3 at the 4-position showed that they exert
an activating effect. Based on this, phenotropil, which
has activating and nootropic effects, was chosen as
the reference drug. In the OF test with mice that
received compounds XF, XCF3, and the reference drug
phenotropil, higher spontaneous motor activity was
observed (82 + 2, 93.7 + 6.8, 80.7 = 13.3, respectively),
and compound XF also showed higher exploratory
activity (19.5 £ 9.5). Animals receiving compounds
XF made more transitions in the central zone of the
illuminated arena (37 + 4), and at a dose of 3 mg/kg,
only individual animals showed a lower number of fecal
boli, which are considered markers of vegetative signs
of anxious behavior (Fig. 3).

In the EPM test, animals that were administered
compound XF at a dose of 3 mg/kg 60 minutes before
testing, left the central platform faster, made more
transitions between arms, and spent more time in the
open arms of the apparatus where they performed
head-dipping (Fig. 4).

The presented results of animal behavior in the
OF and EPM allow us to conclude that compound
XF  exhibits and antiphobic effects.
Considering these properties of substance XF, which

anxiolytic

are characteristic of benzodiazepine-class substances
whose undesirable effect is muscle relaxation, we
planned the “Animal Hanging on a Horizontal Rope”
test. Based on the time animals spent on the rope
(over 30 sec) compared to the control group, a
conclusion was drawn about the presence of muscle
relaxant effects. If animals held on for a shorter
time compared to the control group, it indicated the
presence of muscle relaxant effects, and if they held
on for the same or longer time than the control group,
it indicated the absence of muscle relaxant effects
(possibly even an increase in grip strength and anterior
paw muscle contraction force). In our experiment,
the tested substances did not exhibit muscle relaxant
effects, and animals receiving compound XF at a dose
of 9 mg/kg held on to the horizontal rope longer than
others (Fig. 5).
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Table 1 — Test Compounds
s Dose of
Ne Name Structural Formula wz:eﬁslar/mol i\:l)ul\l/tl'lrplluty Substance, Designation
gnt, g mg/kg
1 N-((3R,5R,7R)-adamantan-1- )— “:1\ , {'—\ - yso6 1/100 3 F_100
ylmethyl)-4-fluoroaniline i 4 ) 1/30 9 F_30
2 N(3R,5R,7R)-adamantan-1- /[/)\ I A N 1/100 3 Cl_100
ylmethyl)-4-chloroaniline J_,' AN : 1/30 9 cl_30
3 4-(((3R,5R,7R)-adamantan-1- }/_j\ . N, o 26638 1/100 3 CN_100
ylmethyl)amino)benzonitrile J_, - Ql\ & : 1/30 9 CN_30
4 N-((3R,5R,7R)-adamantan-1- [:'_}'r"]_ ,r:_dx—‘x N 571,40 1/100 3 OMe_100
ylmethyl)-4-methoxyaniline & [~/ ™" % __# ) ’ 1/30 9 OMe_30
5  N-((3R,5R,7R)-adamantan-1- e "~ 1/100 3 CF3_100
ylmethyl)-4-(trifluoromethyl) f,[ l,h G g 309.37
aniline el | s 1/30 10 CF3_30

2: R =Cl, 61% (L = BINAP, 2 mol%)

Br
60% (L = BINAP, 1 mol%)
R 55% isolated yield
R=Cl, F, CN, OMe H 3:R=F, 43% (L = BINAP, 2 mol%)
NH, N 45% (L = BINAP, 4 mol%)
Pd(dba)/L O 74% (L = DavePhos)
R
25

2-4/2.5-4.5 mol% 62% isolated yield

1 tBuONa, dioxane
reflux, 6 h 4: R =CN, 93% (L = BINAP, 2 mol%)

88% isolated yield

OO NMe; 5:R = OMe, 13% (L = BINAP, 2 mol%)
L= PPhy 5a: 4,4'-dimethoxybiphenyl, 50%
T

Cy2P
BINAP DavePhos

Figure 1 — Synthesis of N-aryl derivatives of adamantanamines under palladium-catalyzed
amination conditions.

i
| e
R 5: R = OMe, 85% (DMSO, 110°C)
g\‘ R=OMe, CFy )@\/H 83% (DMF, 140°C)
7~ culBINOL | £~ N @ 57% isolated yield
10/20 molt 5
1 Cs2C05, DMSO or DMF 5 6 B: R =CFy, 72% (DMF, 140°C)
110 or 140°C, 24 h 35% isolated yield

s¢s

BINOL

Figure 2 — Synthesis of N-aryl derivatives under copper compound catalysis.

Tom 14, Beinyck 3, 2026 315



RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

120

100 k3 ps
80 '|' l E 'I' .I. :g -l_ 'I'
60 1 25 7

8 &
[ ——
=
w5 &3
1]
L.
—

[ro—
=
[

—

[ra—

0
> o
O RN O O O a0 O O O O O a0
Ly O O O O O & S P P $H O
SR NN N N N o' © NS N YOO Noo Na,
('Zo'éo 0\/0 Y. &7 Qé/ e/o&zéﬂ‘&/ OQQ’/(j(QV ('oo:é 0\/0 & 0$/oé ((&66\ ‘((56
N &
A B
35 6
30 5

25
20

2ok

[ ]

[
=
%

X7/
=g
=
L
o L N w
—
=

o) O
Ay O O O O OO LA ® O O O OO
DO CHCEIC O LR I S S LI CIE Lt
S © SO & &0 & o Y & &0
N\g &
Q ]
C D

Figure 3 — Behavior of mice in the “Open Field” test.
Note: A: number of crossed squares; B: number of crossed squares in the central zone; C: total exploratory activity; D: number of fecal pellets.
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Figure 4 — Behavior of mice in the “Elevated Plus Maze” test.
Note: A: latency (s) to exit the center; B: number of transitions between arms; C: time (s) in the open arm of the apparatus; D: number of head
dips from the open arm; * value is statistically significant compared to the control group (p < 0.05), Kruskal-Wallis test followed by Dunn’s test.
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Figure 5 — Behavior of mice in the “Body Retention on a Horizontal Rope” test.
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Figure 6 — Behavior of mice in the “Novel Object Recognition” test.
Note: A: time (s) of object investigation; B: discrimination ratio.
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Figure 7 — Behavior of rats in the “Open Field” test.

Note: A: number of crossed squares; B: number of crossed squares in the central zone; C: total exploratory activity; D: number of fecal pellets;
* value is statistically significant compared to the control group (p < 0.05), Kruskal-Wallis test followed by Dunn’s test.
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PucyHok 8 — lMokasaTtenu nosegeHuna Kpbic B Tecte «MpUNoaHATbIN KpecToobpasHbiii NabupuHT?.
Mpumeyarune: A — NaTeHTHbIV Nepuog, (C) BbIXOAA U3 LEHTPA; b — KONMYECTBO NEPEXOf0B MEXKAY PyKaBamu;
B — Bpems (C) B OTKPbITOM pyKaBe yCTaHOBKM; [ — KOJIMYECTBO CBELIMBAHMIA C OTKPLITOrO pyKaBa.
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Figure 9 — Behavior of rats in the “Vogel’s Punished Water Intake” test.
Note: * value is statistically significant compared to the control group (p < 0.05), Kruskal-Wallis test followed by Dunn’s test.
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Figure 10 — Behavior of rats in the “Body Retention on a Horizontal Rope” and “Rotarod” tests.
Note: A: time (s) of retention on the rope; B: time of retention in the Rotarod test; * value is statistically significant compared to the control
group (p < 0.05), Kruskal-Wallis test followed by Dunn’s test.
318 Volume X1V, Issue 3, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2026-14-3-307-322

O Known object @ New object

OR NWAUONO®

60

50

[
G
——

& S P S S P
N NN &’ J J J
O o \.. s 7 e & P D
C 1,0 - Q < 0@ Q\Q/Q\ ({b <(
®

Figure 11 — Behavior of rats in the “Novel Object Recognition” test.
Note: A: time (s) of object investigation; B: discrimination ratio.

ODay1
25
20
15
10
5
0
&“o\ S O
(9‘\@&@ 0\'/» NS ‘(') <
S

@Day 2

Figure 12 — Behavior of rats in the “Extrapolation Escape” test.

In the NOR test in mice, it was noted that all
animals that received phenotropil, as a reference
drug, as well as those that received compounds XCl
at a dose of 9 mg/kg, XF, and XCN, studied the new
object significantly longer than the familiar one, after
a preliminary familiarization session with the objects.
The presented data suggest that compounds XCl, XF,
and XCN, similar to and comparable with phenotropil,
improve declarative memory (Fig. 6).

The presented data on the spectrum and severity
of the psychotropic effects of adamantane derivatives
with substituents -F, -Cl, -CN, -OMe, -CF3 at the
4-position showed that the most pronounced anxiolytic
and antiphobic effect of compound XF prompted us to
re-investigate these effects in an experiment on rats
with the reference drug diazepam.

Results of Series 2 Studies
The following presents data from Series 2
experiments conducted on adult male rats aged
12 months.

In the OF test, animals in almost all groups crossed
an equal number of squares, but animals administered

diazepam, and to a lesser extent XCl, XF, XCN, crossed

Tom 14, Beinyck 3, 2026

more squares in the central zone than animals

in the control group. Overall exploratory activity
was statistically significantly higher in the groups
administered substances XF, XCN, XOMe, and XCF3 than
in the control group animals. All animals receiving the
tested substances showed fewer fecal boli compared to
the control animals (Fig. 7).

In the variable stress test “Elevated Plus Maze”
(EPM), animals left the central platform within the
first 3—4 seconds after placement. However, a greater
number of transitions between arms was observed
only in animals receiving diazepam. Nevertheless,
longer time spent in the open arm and the number of
head-dips were observed only in animals receiving the
reference drug diazepam and compound XF (Fig. 8).

Thus, based on the data obtained in the OF and
EPM tests, some anxiolytic and antiphobic effects
were noted in animals receiving the reference drug
diazepam and, to a lesser extent, compound XF, which
is consistent with the data obtained in mice.

To confirm the anxiogenic effect, animals were
tested in the Vogel test (punished drinking). After
48 hours of water deprivation, animals administered
compound XF at a dose of 9 mg/kg approached the
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water dispenser statistically significantly more often
than animals in the control group, but less often than
animals receiving diazepam (Fig. 9).

In the tests of body retention on a horizontal rope
and Rotarod, the time of retention on the rope and
rotating rod did not differ from the indicators of the
control group, which received purified water. Animals
receiving diazepam held on to the rope and rotating
rod for a shorter time than animals in the control
group, which is explained by the muscle relaxant
effect
anxiolytics. The remaining animals receiving the tested

inherent in almost all benzodiazepine-class
substances held on to the rope for the same duration
as the control group animals. The data indicate that
the tested compounds do not exert a muscle relaxant
effect. In the Rotarod test, animals receiving diazepam
and compound XF at a dose of 3 mg/kg held on to the
rotating rod for a shorter time (Fig. 10).

In the NOR test on rats, it was noted that all
animals receiving the tested substances did not

show impairment of attention and declarative

memory (Fig. 11).
In the test of extrapolative avoidance, neither
in the formation

improvement nor deterioration

of memory trace and declarative memory was

PHARMACY &
PHARMACOLOGY
(PAPMALINA N DAPMAKO/IOTUA)
revealed upon administration of all tested
drugs (Fig. 12).
Study Limitations
The limitations of this study include the

unevenness and small sample size: experimental
groups included 3 animals each, while control groups
had 6, which could have affected the statistical power
in assessing behavioral reactions. Furthermore, the
psychotropic profile of the synthesized compounds
was assessed exclusively under conditions of single

intragastric administration.

CONCLUSION

Thus, the study of the spectrum of psychotropic
effects of adamantane derivatives with substituents
-F, -Cl, -CN, -OMe, -CF3 revealed fluoraniline, which
exhibits pronounced anxiolytic and antiphobic effects,
does not cause muscle relaxation, and does not impair
motor coordination or cognitive function. Based on the
presented data, it is considered expedient to further
investigate the psychotropic and neurotropic properties
of compound XF, including the development of its
improved structures, possibly with greater activity and
a different spectrum of psychotropic action.
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