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The study focuses on the synthesis and pharmacological evaluation of novel structural
analogs of the anesthetic and antiarrhythmic Kazcaine. Two new derivatives were synthesized
by acylation of propylacetylene alcohol 1-(2-ethoxyethyl)-4-oxopiperidine with fluorobenzoyl
chlorides. Their complexes with cyclodextrin were obtained for biological screening. The evaluation
of the myelostimulating activity of these complexes revealed that one of them, specifically the
3-fluorobenzoyloxy derivative, demonstrated a pronounced myelostimulating effect, particularly
with regard to the stimulation of leukopoiesis and thrombopoiesis. The compound, in complex
with B-cyclodextrin, showed significant stimulation of leukocyte and platelet proliferation, with
a noticeable increase in the total number of leukocytes and improvement in granulocyte and
lymphocyte recovery. These results indicate that the synthesized compounds have significant
potential for pharmacological use, especially for stimulating hematopoiesis and protecting against
myelosuppression. In addition, quantum chemical calculations of the reactions showed that ortho-
and meta-fluorobenzoyl chloride have higher reactivity, which is confirmed by the high yields of
the products (94% and 89%) obtained as a result of the synthesis.

Keywords: analogues of Kazcaine; 1-(2-ethoxyethyl)-4-oxopiperidine; propylacetylene
alcohol; myelostimulating activity; quantum-chemical calculations.
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3epTTey  aHeCTeTMKaNblK  KaHe  aHTMapuUTMuMAnbIK  KaskaiH  npenapaTbiHbIH,
KaHa KypbIIbIMAbIK aHaforTapblH  CUHTe3geyre KaHe dapmakonoruansik bafanayfa
6afbiTTanfaH. 1-(2-OTOKCUITUN)-4-OKCONUNEPUAMH HETi3iHAEer NponunaueTuieH ChnupTiH
bTOpbEH3OoMNXNOPUATEPMEH aLMAAEY apKbI/bl OHbIH, HeridiHAe 2 aHa TYbIHAbI CUHTe3Aen .
BUONOTUANBIK CKPUHWMHE 3KYPri3y MakcaTblHAa Oyn KOCbINbICTapAblH  LUKNOAEKCTPUHMEH
KeweHaepi anbiHAbl. ATanfaH KeweHAepAiH, MUENOCTUMYNALMANLIK BGenceHainirin seprrey
HaTUXKeciHAe onapAablH 6ipi — artan aiTkaHaa, 3-pTOPOEH30MNOKCKM TYbIHABICHI KOFapbI
MWUENOCTUMYNALMANBIK SCEPAi KepCeTTi, acipece Neitikonoa3 meH TPoMb0oN0334i bIHTaNaHAbIPYFa
KaTbICTbl. Byn B-UMKNOAEKCTPUHMEH KEeWeH KOCbINbIC NelKouuTTep MeH TpombouuTTep
nponndepaumnACbIHbIH, ~ alnTapabIKTall  CTUMYAAUMACHI  XKannbl  NIEMKOUUTTEP  CaHbIHbIH
aWiTapbIKTal KOFapblNaybIMEH XJHe rpaHynouutap MmeH AMMAOOLMUTTEPAiH KannbiHa Kenyi
JKaKcapFfaHbIH KepceTTi. byn HaTuxenep cuHTe3aenreH KocbiabicTapAblH, GapMaKoNOrUANbIK
KONAaHy VYWiH, acipece remonossAi blHTanaHAbIPY >XaHe MuenocynpeccuagjaH Kopfay
YWiH MaHbI3abl aneyeTi b6ap ekeHiH kepceTedi. COHbIMEH KaTap KBaHTTbIK-XMMUANBIK,
ecenTeynepi opmo- skaHe mema-GpTopbEeH30UNXNOPUATEPAIH peakumnsaFa KabineTTiniri skofapbl
E€KeHiH KYpri3inreH peakuuanapAblH CUHTE3 HITUMIXKECiHAE aiblHFAH OHIMAEepAiH KoFfapbl
WbIFbIMAbINbIFBIMEH (94% aHe 89%) pacTanfaHblH KepCeTTi.

TyWin cesgep: KaskaunH aHanorTapsl; 1-(2-3TOKCM3TUA)-4-0OKCONUNEPUANH;
nponuaaueTUaeH CNUPTi; MUENObIHTANAHABIPFbIWL  GeNCeHAiNIr;  KBAaHTTbIK  XUMUAMBIK
ecenteynep.
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MccnepoBaHWe COCPeAOTOYEHO Ha CUHTe3e M (GapMaKoOTMYECKOW OLEHKe HOBbIX
CTPYKTYPHbIX ~ @HaNOroB aHecTeTMKa W  aHTMAapUTMMKA KaskauHa. AuuimpoBaHuem
nponuaaueTUAeHOBOro cnupTa 1-(2-aTokcnatun)-4-okconunepuanHa GropbeHsomnxnopugamm
CMHTE3MPOBAHO 2 HOBbIX MPOM3BOAHbLIX Ha ero ocHose. [nA 6MOAOrMYECKOro CKpWUHWMHIa
nosiydeHbl WX KOMMJIEKCbl C LMKNOAEKCTPUHOM.  MccnepoBaHue MUENOCTUMY/MPYOLLE
aKTUBHOCTU JaHHbIX KOMMIEKCOB NOKa3aso, YTO OAHO U3 HUX, @ UMeHHO 3-pTopbeH30MNoKeH-
Npou3BOAHOE, MPOABUAO BbICOKUIA MUENOCTUMYAMPYIOWMiA 3bdeKT, 0cCo6EeHHO B OTHOLWEHUK
CTUMYNALUM Neitkonossa u Tpombonoasa. CoefuHeHWe B KOMMNeKce € B-LUKIOLEKCTPUHOM
NOKa3ano 3HaYUTENbHYI CTUMYAAUMIO Npoaudepaumn nemKouutoB M TPOMBOLMUTOB C
3aMeTHbIM yBe/sMYeHuem obUlero uYucia NEerNKOLMTOB M yAydylleHMem BOCCTaHOB/IEHMUA
rPaHYNOLUTOB U IMMOOLUTOB. ITU pe3ynbTaTbl CBUAETENLCTBYIOT O TOM, YTO CUHTE3MPOBAHHbIE
coeAnHeHUA 061a4atoT 3HAUMTENbHBIM NOTEHLMANOM ANA GapPMaKo0rMYecKoro NPUMeEHeH!s,
0COBEHHO AN CTUMY/IALMM KPOBETBOPEHMA WM 3alWuTbl OT muesnocynpeccuu. Kpome Toro,
npoBeAeHHble KBAHTOBO-XMMMUYECKME PacyeTbl MPOBEAEHHbIX pPeakuuii Nokasaau, Y4to opmo-
n mema-dTopbeHsonnxnopug obnagatoT 6osee BbICOKOW PeaKUMOHHOW CnocobHOCTbIO,
4YTO M MOATBEPAXKAEHO BbICOKUMM BbIXOAAaMU NpoAyKTOB (94% u 89%), NONyYeHHbIX
B pesy/ibTaTe CUHTE3a.

Kniouesble cnosa: aHanoru KasKkauHa; 1-(2-3TOKCM3TUN)-4-0OKCONUNEPUANH;
NPONMNALeTUNIeHOBbIW CNUPT; MUENOCTUMYAUPYIOWAA aKTUBHOCTb; KBAHTOBO-XMMWYECKUE
pacuetbl.
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1. Introduction

Over the years of research, the Laboratory of Synthetic
and Natural Medicinal Compounds Chemistry at the Bekturov
Institute of Chemical Sciences has identified several leading
compounds, the further optimization of which has made it
possible to obtain a number of new biologically active
derivatives [1-7]. 1-(2-ethoxyethyl)-4-
oxopiperidine (Figure 1), a synthon for many pharmacologically
active compounds with high drug potential in medicine and

One of them s

agriculture. Notable examples include Prosidol, a non-narcotic
synthetic alternative to morphine [1]; Kazcaine, a
anesthetic and antiarrhythmic that outperforms commonly

local

used agents in infiltration and conduction anesthesia [2]; and
the plant growth stimulator Kaz-6 [3]. Additionally, various
derivatives have myelostimulating, antidiabetic,
hepatoprotective, immunomodulatory, and antibacterial
activities [4-7].

shown

Despite of the large number of biologically active
derivatives already obtained, the synthetic potential of this
leading molecule has not yet been exhausted, so it seems
advisable to obtain and study novel compounds based on it. Of
particular interest are new analogues of Kazcaine, since the
presence of a triple carbon-carbon bond and a benzoyl group in
its structure makes it promising for the development of
molecules with higher biological activity and selectivity toward
molecular targets.

2. Experiment

The IR spectra were recorded on a Bruker Alpha-P ATR
FTIR (diamond crystal) spectrometer (Bruker, Billerica, MA,
USA). The *H and *C NMR spectra were recorded using a JNM-
ECA 400 (JEOL, Tokyo, Japan) spectrometer, operating at
frequencies of 399.78 MHz for *H and 100.53 MHz for *3C,
in CDCL,.

Figure 1 — 1-(2-Ethoxyethyl)-4-oxopiperidine and its derivatives
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General procedure for the preparation of 1-(2-ethoxyethyl)-
4-(pentyn-1-yl)-4-(fluorobenzoyloxy)-piperidines (3, 4). 0.86 g
(0.0054 mol) of the corresponding fluorobenzoyl chloride are
added dropwise to 1.3 g (0.0054 mol) of 1-(2-ethoxyethyl)-4-
(pentyn-1-yl)piperidin-4-ol (2). The mixture was stirred at room
temperature for 24 hours. After the reaction is complete (TLC
control), water is added to the reaction mixture and it is treated
with potassium carbonate. The organic portion is extracted
with benzene, the extract is dried over anhydrous MgSO,, and
the solvent is evaporated. Products 3, 4 are obtained as a yellow
oil with 94% and 89% vyields, respectively (individual
characteristics are presented in Table 1).

General procedure for obtaining inclusion complexes with
B-cyclodextrin (5, 6). Mix solutions of 0.0022 mol of compounds
3or4in40mLofethylaethanoland 0.0022 mol of B-cyclodextrin
in 70 mL of distilled water. Evaporate ethanol and water at 50-
55 °C in a drying cabinet. Obtain inclusion complexes 5, 6 as a
white powder with a melting point above 250°C.

Studies on myelostimulating (erythropoiesis-, leukopoiesis-
and thrombocytopoiesis-stimulating) activity are carried out on
healthy sexually mature animals - white laboratory female rats,
12-16 weeks old, weighing 210-280 g. Blood analysis is
performed on a hematological analyzer “Abacus junior vet”
(manufactured by Diatron, Denmark). The blood leukogram is
controlled by microscopic examination of a smear stained
according to Romanovsky-Giemsa on an SA3300C microscope
under immersion (magnification 7x100) with 500 cells on each
smear. Myelosuppression is induced by the injection of the
cytostatic cyclophosphamide at a dose of 30 mg/kg animal
body weight. Then, on the 6th, 8th, and 10th days of observation,
the following solution is injected intramuscularly once a day: in
group 1 and group 2, the test compounds 5 and 6 at a dose of 5

mg/kg in a volume of 0.5 mL; in group 3, the comparison drug
methyluracil at a dose of 0.4 mg/kg in a volume of 0.5 mL; in
group 4, a placebo (saline solution) in a volume of 0.5 mL; and
group 5 is intact.

Complete optimization of the molecular geometry and
calculations were performed using DFT/B3LYP/6-31G(d,p)
method which is often used to calculate electronic properties
(HOMO, LUMO, electrophilicity, nucleophilicity) and
thermodynamic characteristics (AG, AH) [8]. The Gibbs free
energy (AG) was computed by incorporating thermodynamic
corrections. To account for the effect of the solvent (benzene),
the IEFPCM method was employed. HOMO-LUMO energy gap
(AE), electrophilic index (w), electronegativity (x), chemical
softness (o), polarizability (a) etc. were calculated according to
the methods given in the article [9].

3. Results and discussion

To obtain new homologues of Kazcaine, propylacetylene
alcohol 2 was synthesized from the prepared 1-(2-ethoxyethyl)-
4-oxopiperidine 1 using the method described in [10] with the
solvent replaced by anhydrous benzene (Scheme 1). Compound
2 was then treated with fluorobenzoyl chloride, also in
anhydrous benzene, at temperature to obtain
1-(2-ethoxyethyl)-4-(pent-1-yn-1-yl)piperidin-4-yl 0-,m-
fluorobenzoates (3, 4) in 95% and 89% vyields, respectively. An
attempt  to 1-(2-ethoxyethyl)-4-(pent-1-yn-1-yl)
piperidine-4-yl p-fluorobenzoate under similar conditions, as
well as in dioxane, was unsuccessful — the reaction did not

room

obtain

proceed. In addition, water-soluble forms of compounds 3 and
4 were obtained as complexes with B-cyclodextrin 5, 6 for
further pharmacological screening.

Scheme 1 — The synthesis of 1-(2-ethoxyethyl)-4-(pent-1-yn-1-yl)piperidin-4-yl o-,m-fluorobenzoates (3, 4) and their
B-cyclodextrin complexes 5, 6
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Table 1 —Yields and physicochemical characteristics of compounds 3, 4

IR spectrum, cm™

Ne Yield, % n,%° *R;
Cc=0 C-O-C ( ester) C-O-C (ether) C-F Ph
3 95 1.4810 0.71 1720 1299 1108 1074 1612, 1454, 755
4 89 1.4817 0.69 1727 1270 1091 1065 1592, 1444, 754
Notes: * — Eluent: benzene:dioxane=10:1
The vyields and physicochemical characteristics of  activity of erythropoiesis, thrombocytopoiesis and

compounds 3 and 4 are presented in Table 1.

In the IR spectrum of compounds 3 and 4, absorption
bands of the C=0 group of the ester are observed at 1720 cm™
and 1727 cm™, as well as absorption bands of the C-O-C group of
the ester (1299 cm™ and 1270 cm™) and ether (1108 cm™ and
1091 cm), respectively. Absorption bands of the C-F bond are
observed at 1074 cm™ and 1065 cm™. Phenyl substituents of
compounds 3 and 4 give a signal in the region of 1612 cm™* and
1592 cm?, 1454 cm™ and 1444 cm?, as well as at 755 cm™ and
754 cm?, respectively.

In the *H NMR spectrum of compounds 3 and 4, the methyl
protons are observed at 0.89-0.94, 0.86-0.89 ppm for the
4-(pentyn-1-yl)- and at 1.10-1.20, 1.01-1.05 ppm for the
1-(2-ethoxyethyl)-fragments, respectively, as three-proton
multiplets. The methylene protons of 4-(pentyn-1-yl)-fragment
are recorded as follows: one set appears as a two-proton
multiplet at 1.45-1.51 ppm (3) and 1.37-1.42 ppm (4), while the
second set appears as a six-proton multiplet together with the
piperidine protons H3ax,5ax, H-3eq,5eq at 2.08-2.23 ppm (3)
and 2.10-2.16 ppm (4). The piperidine protons H-2ax,6ax,
H-2eq,6eq appear together with the methylene protons of the
ethoxyethyl fragment in the region of 2.63-2.73 ppm (m.,6H) for
compound 3 and in the region of 2.43-2.45 ppm (m.,4H), 2.57
ppm (s.,2H) for compound 4. Additionally, the methylene
protons of the ethoxyethyl fragment resonate as two-proton
multiplets at 3.40-3.45 and 3.49-3.52 ppm (3), and as a four-
proton multiplet at 3.31-3.43 ppm (4). The aromatic protons of
the F-benzoyloxy group of compounds 3 and 4 appear as single-
proton multiplets in the regions of 6.97-7.98 ppm and 7.41-7.74
ppm, respectively.

In C NMR for compound 3, the carbon signals of the
4-(pentyn-1-yl) fragment appear at 13.46, 22.18, 20.79, 79.44,
87.77 ppm, while for compound 4, they appear at 13.69, 22.28,
20.37,80.06,and 87.86 ppm.The carbons of the 1-(2-ethoxyethyl)
group are detected at 36.82 (C-3,5), 50.18 (C-2,6), 74.68 (C-4)
ppm for compound 3, and at 37.06 (C-3,5), 50.16 (C-2,6), 75.12
(C-4) for compound 4. The carbon signals of the F-benzoyloxy
group resonate at 162.50 ppm (C=0), 160.66 and 163.33 ppm
(C-F), and in the region of 117.07-134.29 ppm (Ph) for
compound 3, while for compound 4, they resonate at 163.07
ppm (C=0), 161.29 and 163.73 ppm (C-F), and in the region
of 116.17-133.99 ppm (Ph).

Complexes 5 and 6 were studied for myelostimulating
activity (stimulating effect, influencing the proliferative

ISSN 1563-0331
elSSN 2312-7554

leukopoiesis) (Table 2).

The results of the studies showed that compound 5 did
not exhibit the desired activity, while compound 6
demonstrated a pronounced stimulating effect on the
proliferation of blood cells. Compound 6 restored leukocyte
indices without changing the Harkavi index. The total leukocyte
count in the compound 6 group was (21.61+7.46)-10°/L of
blood, which was 2.60 times higher than the intact group
(11.08+0.80)-10°/L (p<0.05), 6.05 times higher than the control
group (6.20+£0.80)-10°/L (p<0.001), and 8.19 times higher than
the placebo group (4.7210.93)-10°/L (p<0.001). Compound 6
also stimulated granulocyte recovery: absolute granulocyte
indices in the compound 6 group were (5.91+0.42)-10°/L, which
is 2.92 times higher than in the control group (2.02+0.91)-10°/L
(p<0.05). Lymphocyte indices were also restored: the relative
lymphocyte index in the compound 6 group was (70.15+4.35)%,
which is similar to the intact group (69.72+1.10%). Absolute
lymphocyte indices in the compound 6 group were
(15.15+2.72)-10%/L, which is 4.06 times higher than in the
control group (3.73+0.30)-10%/L (p<0.01). Compound 6 showed
moderate erythropoiesis-stimulating activity. The erythrocyte
index was (7.68+0.33)-10°/L, the hemoglobin level was
(136.0£6.0) g/L, which corresponded to the values of the intact
group. Compound 6 also showed high thrombopoiesis-
stimulating activity, with a total platelet index of
(892.00+55.33)-10°/L, which is significantly higher than the
indices of the intact (690.00+£166.33)-10°/L) and control group
(521.00+135.33)-10°/L). Thus, 1-(2-ethoxyethyl)-4-(pentyn-1-
yl)-4-(3-fluorobenzoyloxy)-piperidine  in  complex  with
B-cyclodextrin (6)  showed high leukopoiesis-  and
thrombopoiesis-stimulating activity, as well as moderate
erythropoiesis-stimulating activity. It can be recommended for
further studies as a myelostimulant. Based on the results of the
high myelostimulating activity demonstrated by the compound,
a patent for the invention was obtained [11].

Considering the high myelostimulating activity of
compound 6 and its potential as a therapeutic agent, it is
advisable to investigate the structural factors influencing the
efficiency of synthesizing related compounds. Due to the
inability to obtain a derivative with a p-fluorobenzoyloxy
substituent, quantum-chemical calculations were conducted to
evaluate the thermodynamic parameters of the acylation
reaction of propylacetylene alcohol with fluorobenzoyl
chlorides. The aim was to assess the thermodynamic favorability

Chemical Bulletin of Kazakh National University 2025, Issue 3
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Table 2 — Blood hemogram indicators

Blood parameters Compound 5 Compound 6

Control group Placebo group Intact group

WBC, -10°/L 7.9+£2.45 21.61+7.46
LYM, % 48.8+3.6 70.15+4.35
NEU, % 36.75+3.35 27.35%#3.15
Ml, % 5.2+#1.9 3.2+0.6
Lym, -10°/L 2.98+1.16 15.15+2.72
Neu, -10°/L 3.77+0.91 5.91+0.42
Mon, -10°/L 0.36+0.02 0.69+0.74
RBC, -10%?/L 6.75+0.72 7.68+0.33
HGB, g/L 138.5+17.5 1366
HCT, % 30.7¢4.1 35.75£1.65
MCV, fl 45.2+001 47.0+2.23
MCH, pg 2.04+0.01 17.9+0.0
MCHC, g/L 448+1.02 381+1.23
RDW-CV, % 15.0+0.05 15.8+0.01
PLT, -10%/L 591.5+168.5 892455
PCT, % 0.49+0.13 0.74+0.06
MPV, fl 8.2+0.02 8.4+0.01
PDW, % 18.2+1.02 16.2+1.01

6.20+0.47 4.72+0.35 11.08+0.32
60.04+3.93 57.01+1.65 69.72+1.1
32.68+1.6 36.05+9.3 30+0.8
7.28+0.4 7.03%5.3 0.28+0.1
3.73+0.30 2.69+0.87 7.72+1.03
2.02+0.91 1.70+0.6 3.32+0.72
0.45+0.00 0.33+£0.00 0.03+0.00
6.06+0.06 3.59+0.20 7.02+0.23
125+4.00 96+2.67 147+6.00
23.35+0.70 20.75+0.30 37.3%0.27
54.45+0.43 41.8+0.07 82.6+0.23
12.75+0.43 12.25+0.30 18.4+0.17
428+9.33 363.6+5.00 406%4.00
25.35+0.57 23+0.40 23.6+0.20
521+135.33 422+41.33 690+166.33
0.2815+0.07 0.23+0.02 0.372+0.08
6.1+0.47 5.5+0.13 7.4+0.30
12.25+0.57 11.25+0.23 11.4+0.43

Notes: WBC — total white blood cell count, LYM — absolute lymphocyte count, MON — absolute monocyte count, NEU — absolute neutrophil

count, Lym —relative lymphocyte count, Mon - relative monocyte count, Neu —relative neutrophil count, RBC —total red blood cell count, HGB

—hemoglobin, HCT — hematocrit, MCV — mean corpuscular volume, MCH — mean hemoglobin content, MCHC — mean corpuscular hemoglobin
concentration, RDW-CV —red blood cell distribution width, RDW-SD — red blood cell distribution index, PLT — total platelet count, PCT — plate-
let crit count, MPV — mean platelet volume, PDW — platelet distribution width, P-LCR — large platelet ratio

of forming 1-(2-ethoxyethyl)-4-(pentyn-1-yl)-4-(2-
fluorobenzoyloxy)-piperidine (3), 1-(2-ethoxyethyl)-4-(pentyn-
1-yl)-4-(3-fluorobenzoyloxy)-piperidine (4), and
1-(2-ethoxyethyl)-4-(pentyn-1-yl)-4-(4-fluorobenzoyloxy)-
piperidine (7), which differ in the position of the fluorine
substituent on the benzene ring. Gibbs free energy (AG) values
were calculated for each reaction to determine the relative
thermodynamic stability of the products (3, 4, and 7) compared
to the starting materials—compound 2 and the corresponding
0-, m-, and p-fluorobenzoyl chlorides. The calculation results
are presented in Table 3.

The reaction forming product 3 (ortho position) has the
largest negative AG value (-37.2 kJ/mol), indicating that it is the

most thermodynamically favorable compared to other
reactions. This could be attributed to the position of the
substituent on the benzene ring in this reaction results in the
greatest stabilization of the product.

FMO analysis is another method widely used in the study
of chemical stability and reactivity parameters of molecular
structures, based on estimation of HOMO (Highest Occupied
Molecular Orbital) and LUMO (Lowest Unoccupied Molecular
Orbital) energies. The hydroxyl group is a nucleophile, so the
reactivity of fluorobenzoyl chlorides will depend on how much
the molecule can accept electrons (electrophilicity) or stabilize
the transition state. The calculation results for the reactivity
parameters are given in Table 4.

Table 3 — Calculated values Gibbs free energy u AG of reactions, kJ/mol

Gibbs free energy, Hartree

Reaction AG of reaction, Hartree AG of reaction, kJ/mol
o,m,p-fluorobenzoyl chlorides 3,4,7

3 -753.3779 -904.3596 -1657.7516 -0.0142 -37.20

4 -753.3779 -904.3653 -1657.7550 -0.0118 -31.10

7 -753.3779 -904.3673 -1657.7562 -0.0110 -28.95

BecTHuK KasHY. Cepua xummyeckana. — 2025. — Ne 3
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Table 4 — Reactivity parameters of fluorobenzoyl chlorides

Reactivity parameters Fluorobenzoyl chlorides

o- m- p-
HOMO energy (EHOMO)’ eV -7.30 -7.29 -7.42
LUMO energy (ELUMO)’ eV -2.16 -2.29 -2.13

Energy gap (AE), eV 514 500 528

lonization potential (IP), eV 7.30 7.29 7.42

Electron affinity (EA), eV 2.16 2.29 2.13

Electronegativity (x), eV 4.73 4.79 4.78

Chemical Hardness (n), eV 2.57 250  2.64
Chemical potential (b), eV -473  -479 -478
Electrophilicity (w), eV 4.35 459 432
Softness (S), eV™’ 0.19 0.20 0.19
Nucleophilicity (N), eV -1.83 -1.84 -171

-0.54 -0.52 -0.55

Asymmetry Factor (A)

Polarizability (a), a.u. 0.39 0.40 0.38

10.37 10.64 10.41

Global Electrophilic Donor Index (w”)

Global Electrophilic Acceptor Index (w*) 0.91 1.05 0.86

Electrophilic/Nucleophilic Rank (w*/w) 0.09 0.10 0.08

Self-Energy Stabilization (SES), eV -24.65 -23.18 -25.79

Below we will look at the reactivity parameters and their
meanings to understand which compound will react more
actively. The meta isomer has the smallest energy gap AE (5 eV),
indicating the highest reactivity. The meta isomer has the
highest w* value (1.05), making it more prone to accepting
electrons, which is important for interaction with the
nucleophilic hydroxyl group. Thus, its higher reactivity than the
ortho and para isomers is indicated by higher values of self-
stabilization (SES), electrophilicity (w), softness (S) and
polarizability (a).

At first glance, this may contradict previous conclusions
based on the free energy calculations of the reaction given
above. Thermodynamic stability (AG) determines which product
is more stable at equilibrium, while kinetic factors (e.g., lower
HOMO-LUMO gap, higher electrophilicity) influence the
reaction rates.

The reaction products of a meta isomer may be less stable
than the reaction products of an ortho isomer. The AG of a
reaction is higher for the meta isomer, this indicates that the
reaction is less thermodynamically favorable than with the
ortho isomer. However, the meta isomer may be more reactive
(kinetically accessible) due to its electronic properties, such as
lower chemical hardness and higher electrophilicity.

The para isomer has the largest energy gap (AE = 5.28 eV)
among the isomers, indicating its relatively low reactivity.
However, it has high chemical hardness (n = 2.64 eV) and
moderate electrophilicity (w = 4.32 eV), making it more stable
and less prone to reactions with nucleophiles. The para isomer
also exhibits the highest self-interaction stabilization (SES =
-25.79 eV), emphasizing its stability at equilibrium. Visualization
of the frontier molecular orbitals of o,m,p-fluorobenzoyl
chlorides is shown in Figure 2.

The formation of compound 7 from the para isomer is less
thermodynamically favorable than the formation of compounds
3 and 4. The transition state for the formation of compound 7
would likely has a higher energy barrier, indicating that the
reaction requires more energy to overcome the activation
threshold. To achieve this transformation, the application of
higher temperatures or the presence of a stronger electrophilic
catalyst may be necessary to facilitate the reaction. However,
despite these adjustments, the overall process remains less
thermodynamically favorable, and the formation of compounds
3 and 4 remains more efficient under typical conditions, as
confirmed by experimental data.

Figure 2 — Frontier molecular orbitals of o,m,p-fluorobenzoyl chlorides

Isovalue = 0.02
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4. Conclusion

The research conducted demonstrated that the molecule
1-(2-ethoxyethyl)-4-oxopiperidine important
starting compound for the synthesis of novel biologically active
derivatives with high pharmacological activity. One such
product is  1-(2-ethoxyethyl)-4-(pent-1-enyl)-4-(4-fluoro-
benzoyloxy)-piperidine, which exhibited significant
myelostimulatory activity, particularly stimulating leukopoiesis
and thrombopoiesis. Complex 6, obtained with B-cyclodextrin,
showed high leukopoietic activity, increasing the total leukocyte
count 2.6 times compared to the control group, as well as
stimulating the recovery of granulocytes and lymphocytes.
Erythropoietic activity was moderate, but thrombopoiesis was
significantly enhanced, indicating promising properties
for this compound.

Furthermore, a theoretical study of the thermodynamic
stability of the reaction between propylacetylene alcohol and
fluorobenzoyl chlorides was conducted. The results confirmed
that the reaction with o-fluorobenzoyl chloride is the most
thermodynamically favorable, with the largest negative AG
value (-37.2 kJ/mol). At the same time, FMO analysis showed
that the acylating agent m-fluorobenzyl chloride has better
reactivity parameters (higher values of self-stabilization,
electrophilicity, softness, polarizability, smallest energy gap AE,
and highest w* value). This means that under the given

remains an
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