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Abstract: Introduction. Oxygen heterocyclic compounds occupy an important place in modern
organic and medical chemistry. Tetrahydropyran derivatives in particular are widely studied due to their
structural diversity and biological activity. In this regard, the problem of agribilogy and phytochemistry is
to determine the biological activity of propargyloxybenzoic acid, an oxygenated derivative of 2,2-
dimethyltetrahydropyran-4 — on and propargylated salicylic acid in the grains of single and
dicotyledonous plants by the reaction of Favorsky. The purpose and objectives of the work is to study the
biological activity of seeds of single and dicotyledonous plants with the synthesis of a new oxygenated
heterocyclic compound based on 2,2-dimethyltetrahydropyran-4-on and propargylated salicylic acid.
Tasks obtaining the original compound by The Prince reaction, synthesizing a new derivative using the
Favorsky reaction, and studying its biological activity. Conclusion (conclusions). The oxygen heterocycle
2,2-dimethyltetrahydropyran-4-on was obtained with dimethylvinyl-ethinylcarbinol in a sulfuric acid
medium and using mercury sulfate as a catalyst, with a yield of 70% through the Prince reaction
mechanism. By reacting the resulting 2,2-dimethyltetrahydropyran-4-on with the acetylene derivative of
salicylic acid by the Favorsky reaction, the acetylene derivative of 2,2-dimethyltetrahydropyran-4-on was
synthesized with a 57% vyield of 2,2-propagyloxy benzoic acid. The physicochemical properties of the
obtained oxygen heterocycle compounds were determined and studied by IR spectroscopy. According to
the results of a study of the biological activity of 2,2-propagyloxy benzoic acid on single and
dicotyledonous plant grains, it was found that it significantly inhibited the growth of dicotyledonous
plants in high concentrations, and was effective as a growth stimulant for single dicotyledonous plants.

Key words: oxygen heterocycles, 2,2-dimethyltetrahydropyran-4-on, 2,2-propagyloxy benzoic
acid, single and dicotyledonous plants.

Duisenali Aidana Maksutkyzy PhD student; E-mail: duisenali-a@mail.ru

Yelibaeva Nazym Saidildaevna PhD,Associated Professor; E-mail: nazym_yelibaeva@mail.ru

Burasheva Gaukhar Shakhmanovna | Doctor of Chemical Sciences, Professor; E-mail:
gauharbur@mail.ru

Umbetova Almagul Kendebaevna Candidate of Chemical Sciences; E-mail:
almagulul5@gmail.com
Litvinenko Yulia Alekseevna Candidate of Chemical Sciences, E-mail:

yuliya_litvinenk@mail.ru

Assylkhanov Zhanibek Serikovich PhD student; E-mail: zhanik1903@list.ru

Citation: Duisenali A.M., Yelibaeva N.S., Burasheva G.Sh., Umbetova A. K., Litvinenko Y.A.
Asylkhanov Zh. S. Assessment of the biological effect of 2,2-propagyloxy benzoic acid on grains of
single and dicotyledonous plants. Chem. J. Kaz, 2026, 1(93), 93-100. DOL:
https://doi.org/10.51580/2026-1.2710-1185.09

93


https://doi.org/10.51580/2026-1.2710-1185.09
mailto:duisenali-a@mail.ru
https://doi.org/10.51580/2026-1.2710-1185.09
mailto:duisenali-a@mail.ru
mailto:gauharbur@mail.ru
mailto:almagulu15@gmail.com
mailto:yuliya_litvinenk@mail.ru
mailto:zhanik1903@list.ru

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

1. Introduction

Oxygen-containing heterocyclic compounds are widely studied in modern
organic and pharmaceutical chemistry, as they form an important basis for drugs,
agrochemical agents, and functional materials due to their synthetic flexibility and
biological activity [1]. In recent years, special reviews have been published on
oxygen-containing heterocycles, discussing recent advances in their innovative
synthesis methods and biological applications [2]. 2,2-Dimethyltetrahydropyran-
4-one is a six-membered saturated heterocycle. It has two methyl groups in 2,2-
dimethyl on one carbon, and a carbonyl group in the 4-position. Due to this, the
molecule resembles the structure of a y-keto ester, which plays an intermediate
role in the synthesis of y-lactones and y-lactams [3].
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Figure 1 - Structural formula of 2,2-dimethyltetrahydropyran-4-one and salicylic acid.

The propargyl group is widely used in organic synthesis and is an effective
reagent for the preparation of complex heterocycles. The introduction of this
group is considered an important tool in current research to expand the
construction of heterocycles; a review of the synthesis and applications of
propargyl derivatives has been published in recent years [3]. In addition, salicylic
acid is an important phytohormone in plant physiology, regulating growth and
stress responses, its role including the root system and growth [4].
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Scheme 1 - Preparation of 2,2-propargyloxybenzoic acid.

Based on these studies, it is clear that new methods for the synthesis of
oxygenated heterocycles and the study of their effects on plants are relevant in
science and applied chemistry - this demonstrates the integration of modern
chemical synthesis and biological testing [5].
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2. Experimental part

2.1. Experimental chemical section

The progress of the reactions and the purity of the obtained products were
monitored by thin-layer chromatography (TLC) using Sorbfifil (Sorbpolymer,
Krasnodar, Russia) coated with CTX-1A silica gel, with a UV-254 indicator,
particle size 5-17 um. The eluent for the TLC analysis was a benzene-EtOH
mixture in a ratio of 1:3. Solvents for recrystallization and solvents for synthesis
were purchased from Merck KGaA with a purity of >99%. Infrared (IR) spectra
of the compounds were recorded on a Bruker Avance Il 400 MHz spectrometer,
on KBr tablets.

The synthesis of 2,2-Propargyloxybenzoic acid was obtained in 72% vyield
according to the literature [6].

2.2. Experimental biological section

To study the effect of 2,2-propargyloxybenzoic acid on grains, first,
homogeneous and clean grains were selected in the experimental work, which
were soaked for 24 hours in distilled water or in 2,2-propargyloxybenzoic acid
solutions at concentrations of 0.01%, 0.05% and 0.1%; then, the grains were
placed in soil or Petri dishes, and their growth was monitored at a temperature of
22-25 °C and a 12-hour light/12-hour dark cycle, and the germination percentage,
root and shoot length, number of primary leaves and biomass were measured
daily for 48 hours and 60 hours compared with the control group (grains soaked
only in distilled water), thus determining the effect of the acid on plant growth [7-
10].

3. Results and discussion

In the present study, to determine the effect of 2,2-propargyloxybenzoic acid
on grains, grains of monocot and dicot plants were soaked in solutions of different
concentrations for 12 hours. Triticum aestivum (wheat) was selected as monocot
grains, and Pisum sativum (pea) as dicot grains. Five concentrations of 2,2-
propargyloxybenzoic acid were prepared for the study: 0.1%; 0.01%; 0.001%;
0.0001%; 0.00001%. 25 grains were taken for each experiment, and three
replicates were performed for each concentration. Triticum aestivum grains
soaked in solutions of different concentrations are shown, the number of grains in
each beaker is the same, and the concentration of the solution is indicated at the
bottom. This figure depicts the initial stage of the experiment, i.e., the process of
soaking the grains for 12 hours.
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Figure 2 - Appearance of wheat and pea seeds after 12 hours of exposure to 5 different concentrations
of 2,2-propargyloxybenzoic acid.

According to the results of the study, the effect of 2,2-propargyloxybenzoic
acid varied depending on the plant species and concentration. In all glasses, the
pea seeds were wet, and some showed swelling. This is a sign of water absorption
and initial physiological activity due to the solution.
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Figure 3 - Appearance of wheat and pea seeds placed in a solution of 2,2-propargyloxybenzoic
acid after 48 hours.
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Figure 4 - Appearance of wheat and pea seeds placed in a solution of 2,2-propargyloxybenzoic
acid after 60 hours.

The results of 48 and 60-hour germination of wheat grains showed that 2,2-
propargyloxybenzoic acid has a concentration-dependent effect on the initial
growth of grains. Compared with the control, changes in the length of roots and
shoots were observed in grains treated with acid solutions. At low concentrations
(0.001-0.01%), relatively normal development or slight stimulation of shoots was
observed, while at high concentrations (0.05-0.1%), a shortening of the root
system, poor development of the shoot and general morphological disorders of the
shoots were clearly observed.

At high concentrations (0.01% and above), germination was inhibited in
most grains, and normal development of the roots and shoots was clearly
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observed or they did not appear at all. This indicates that the acid has an
inhibitory effect in high doses.

It is observed that the germination process in grains placed in a solution of
2,2-propargyloxybenzoic acid changes in a concentration-dependent manner. In
the control (0%) grains, germination signs were weak or not observed at all. At
low concentrations (0.0001-0.001%), embryo rupture and the formation of the
first radicle were observed in some grains, indicating the beginning of the
germination process.

Table 1 — Wheat seeds placed in solutions of different concentrations of 2,2-propargyloxybenzoic acid

Concentration, C (%) 12 h., (cm) 48 h., (cm) 60 h. (cm)
0.1 3.5 7 13.8
0.01 4.5 10 15.5
0.001 2.5 8 10.5
0.0001 4.5 9 16
0.00001 5 10 15.9
Control (water) 4 11 15

Table 2 — Pea seeds placed in solutions of different concentrations of 2,2-propargyloxybenzoic acid

Concentration, C (%) 12 h,, (cm) 48 h., (cm) 60 h. (cm)
0.1 1 14 1.8
0.01 1 2 2.5
0.001 0.5 0.6 0.7
0.0001 0.4 0.5 0.5
0.00001 0.1 0.4 0.6
Control (water) 0.5 0.5 0.5

The results of the study of the effect of 2,2-propargyloxybenzoic acid
showed that this compound acts as a growth stimulant in monocots, but has a
negative effect on dicots. As is known, the growth of dicots such as common bean
(Phaseolus vulgaris) is significantly inhibited at high concentrations, which
makes it possible to use 2,2-propargyloxybenzoic acid against weeds. In addition,
the effect on the development of fungi in common bean seeds is low, which
indicates that this compound has high herbicidal activity and insufficient
fungicidal activity, i.e., additional modification is required for its use as a
fungicidal agent.

4. Conclusion

The results of the conducted studies showed that the biological activity of
2,2-propargyloxybenzoic acid depends on the plant species. While this compound
has a growth-stimulating effect on monocotyledonous plants, it significantly
inhibits the growth of dicotyledonous plants, including cowpea, at high
concentrations. This property indicates the possibility of using 2,2-
propargyloxybenzoic acid as a selective herbicide. In addition, the observation of
fungal development on cowpea seeds indicates that the fungicidal activity of this
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compound is insufficient and that structural modification or additional studies are
necessary for its use as a fungicide.
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JAAPA KOHE KOC JKAPHAKTbBI OCIMIIKTEP JOHIEPIHE 2,2-TIPOIATHJIOKCH
BEH30M KbIIIKbIJIBIHBIH BUOJIOI'UAJIBIK OCEPIH BAFAJIAY

A.M.[yiicenani*?, H.C.En 1 AK.Y osal, F0.A.-Tumeunenko, XX.C.Acviixanog*

'Oon-Dapabu ameinoaser Kaz¥y, XKaya xumusnvix mexuono2usnap meH Mamepuanoap
ebLIbIMU-3epmmey uncmumymul, Aimamol, Kazaxcman
246aii amvinoasvl Kaz¥I1yY, Anmamol, Kazaxcman

Tyiiingeme: Kipicne. OTTEKTI TeTEpOLMKIAI KOCBUIBICTAD Ka3ipri OPraHUKAaIbIK JKOHE MeEIULUHAIIBIK
XMMMSa MaHbI3Ibl OPBIH anajpl. Ocipece TeTParuApoNUpaH TYBIHABUIAPBI OJAPIbIH  KYPbUIBIMIBIK
OPTYPIIUIIri MEH OHOJIOTHSIIBIK OenceHulirine OaiiaHbIcThl KeHiHeH 3epTrenye. OcbiFaH OailjlaHbICThI
2,2-TUMETUITETParuAPONUpan-4-oH MEH HPOIAPIIIIICHICH CANTUINI KBIIKbUTBI DaBOPCKU peaKHsChl
apKbUIbl OTTEKTI TYBIHABI — NPONAPTHIOKCHOEH301 KBIMIKBUIBIH QBT OHBI Japa )KoHE KOC YKAPHAKTHI
OCIMIIKTEp JOHIEPiHIC OHOJOTHSIBIK OCICEH/UNIIH aHbIKTay arpoOMIIOTUsl MEH (MTOXMMUSHBIH ©3€KTi
Mocesie Goubin Tabbutaabl. JKYMBICTBIH Makcambl mMen Minoemmepi 2,2-TUMETUITETParuaAponupan-4-ox
MEH MPONapriIICHICH CATHIUII KbIIIKBUIBI HETi31HAe OTTEKTi FeTePOLMKII/II KOCBUIBICTBI CHHTE3/ICI, 1apa
JKOHE KOC JKapHAaKThl ©CIMAIK JIOH/AEpiHEe OMOJOTHSIIBIK OeNCeHIUIriH 3epTTey. Minoemmepi GacTankpl
KochUIbICTbl [IpuHC peakuusichl apkbUibl any, DaBOpPCKHH peakiMsAChl KOMETiIMEH >KaHa TYbIH/bI
CUHTE3/Iey JKOHE OMOJOTMSUIBIK OeJICCHAUIriH 3epTrey. Kopuimuvinovl (myoscwipvimoap). OTTEKTI
reTepoOLHUKI 2,2-TUMETUIITETParuAponupan-4-oH JUMETHIBUHII-3THHHIKAPOMHOIMEH KYKIPT KBIIIKBLUIBI
OpTachIH/A )KOHE ChIHAI CYJIb(haThIH KaTaau3aTop PeTiHIe KoNAaHy apKbuibl, [IpUHC peakius MexaHu3Mi
apkputbl 70 % IIBIFBIMMEH anbIHIOBL. AJbIHFAaH 2,2-AUMETHITeTparuaponupan-4-ouael daBopckuit
PEaKIHsCH apKbUIbl CATUIMI KBIIIKBUIBIHBIH aleTHICH/I TYBIHABICBIMEH OPEKETTECTIpY apKbuUibl 2,2-
JUMETHITETPAruiponupan-4-oHHbIH aleTHICHI TYBIHABICH! 2,2-TIPONarmiokc OeH30M KbIMKbUIBL 57 %
LIBIFBIMMEH  CHHTE3/IeNll. AJIBIHFaH OTTEKTI TeTepOLMKI KOCBUIBICTAPBIABIH — (HU3UKO-XUMHSIIBIK
Kacuertepi aHbIKTanabl koHe WK crmekTpockomusicbiMeH 3epTTenji.  2,2-Mpomaruiokcu OeH3oi
KBIIIKBUIBIHBIH Jlapa jKOHE KOC JKapHAKThI ©CIMIIK JSHJEpIHE JKYPTi3UIreH OMOJIOTHSIIBIK OeICeHIUIIrH
3epTTey HOTIKeNepi OOMBbIHIIA KOC MKapHAKThl OCIMIIKTEpAiH ©CyiH KOFapbl KOHLEHTpaLusiIapaa
aifTapybplkTall TeXeIl, al Japa >KapHaKThl ©CIMIIKTEpre eCy CTHMYJSTOPBI PETiHIE BIKHANIbI EKeHi
QHBIKTAJJIBI.

Tyiiinai ce3mep: oOTTeKTI TreTepouUKIAEp, 2,2-TUMETHUITETPArUAPONUpaH-4-0oH, 2,2-TIPONaruaokcu
OeH3011 KBIIIKBUIEL, Japa )KoHE KOC KapHAKTHI 6CIMIIKTEp
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OILEHKA BHOJOIMYECKOI'O BO3JAEMCTBHUS 2,2-IIPOIAPT NJIOKCH BEH30MHOMI
KHCJOTbI HA CEMEHA OJHOJAOJIbHBIX U IBY10JIbHBIX PACTEHUU

A.M.[yiicenani*?, H.C.En L AKY 0ea’, 10.A./-Tumeunenxo', JK.C.Acvirxarnog*
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2Kasaxckuii HayuoHaneHbiii nedazozuueckuii ynusepcumem umenu Abas, Anmamer, Kasaxcman

Pe3tome. Bseoenue. Kucnopoacoaepxaiiue reTepoLUKIMIECKHE COSANHEHHS 3aHUMAIOT BaXKHOE MECTO B
COBPEMEHHOM OpraHMYecKOW W MeAUIMHCKOW xXuMuu. Oco0oe BHHMAaHHE YACNSACTCS IMPOM3BOIHBIM
TETParupoInkpanHa, KOTOpbIE LIMPOKO HCCICAYIOTCS Oiarojapsi UX CTPYKTYpHOMY pPa3HOOOpas3uio u
OMOJIOTMYECKO aKTUBHOCTH. B CBSI3M € 3THM IOJy4eHHE KHCIIOPOJCOIEPIKAIIETO0 IPOU3BOJHOTO —
MPOMAPTHIOKCHOCH30MHOM KUCIOThI — 13 2,2-TUMETUITETPArHIpONUpaH-4-oHa 1 MPONapruIuPOBAHHON
CAJIMLIMIOBOM KHCIOTBI C MCHOJIb30BaHMEM peakiuu @PaBopckoro, a TakKe OIpeNesieHHe ero
OMOJIOTMYECKON aKTHMBHOCTH Ha CEMEHaX OJHOJOJBHBIX U JIBYJIOJBHBIX PACTCHUH SIBISIETCS aKTyaJbHOM
3amadeil arpobuonioruut U ¢Guroxumuu. Llems u 3adauu pabomul. llenpio paboThl SBISETCS CHHTE3
KHCIJIOPOJCOAEPIKAIIETO TeTEPOLUKINYECKOT0 COSMHEH s Ha OCHOBE 2,2-TMMETHITETparuiponupan-4-
OHA Y IPONAPTHIMPOBAHHON CANUIMIOBON KHCIIOTHI, a TAKXKE U3YUeHUE ero OHMOJIOrnuecKod aKTUBHOCTH
Ha CEMEHaxX OJHOJOJBHBIX M JBYAOJBHBIX PAaCTeHHW. B 3adauu ucciedosanusi BXOJUIH TOJTy4CHHE
HCXOJHOTO COEIMHEHHs C IMpUMeHeHHeM peakiuu [IpuHca, CHHTE3 HOBOTO HMPOW3BOJHOIO C IOMOIIBIO
peakuun DaBOPCKOrO H HCCICIOBAHHE €ro OWOJOTMYECKOW AaKTUBHOCTH. 3akiioueHue (8b1600bl).
Kucnopoaconepxaruuii rereporuki 2,2-AuMeTHITeTparuaponupan-4-o1 Obl1 nomyueH ¢ BeixogoMm 70 %
MpY B3aUMOJAEHCTBUY JUMETHIBUHWISTHHIIKAPOWHONA B CPEJe CEPHOW KHCIIOTHI C HCIIOJIB30BaHHEM
cynbpdara pPTYTH B KauecTBE KaTajiuM3aropa IO MexaHu3My peakuuu IlpuHca. B pesynbrare
B3aUMOJICHCTBHS MOJyYEHHOTO 2,2-TMMETHITETPAaruAponupaH-4-oHa ¢ alETHICHOBBIM IPOU3BOIHBIM
CAJIMLIMIOBOM KHCJIOTHI B YCIOBHSIX peakuuu PaBopckoro ObUIO CHHTE3UPOBAHO AaLETHUIICHOBOE
MPOM3BOAHOE — 2,2-NPONApriiIOKCHOCH30MHAsT KUciIoTa — ¢ BbIXogoM 57 %. Bbumn ompenesneHs!
(U3UKO-XMMUUYECKHE CBOWCTBA MOIYYCHHBIX KUCIOPOACOACPKAIIUX IETEPOLUKINYSCKUX COSTUHCHUI U
MpoBe/ieHbl UX uccienoBanus MeronoM UK-cnexrpockonuu. [lo pesynpraTam u3yueHus GHOIOrHUECKON
AaKTHBHOCTH 2,2-IPONapriIOKCHOCH30MHON KUCIOTHI YCTaHOBJICHO, YTO NPH BBICOKUX KOHILIEHTPALHIX
OHa CYIIECTBEHHO WHTHOUPYET POCT ABYAOJBHBIX PACTEHHH, TOrJa KaKk B OTHOIICHHH OJIHOAOJIBHBIX
pacTeHul MPOSBIISET CTUMYJIMPYIOLIEE ACHCTBHUE.

KinoueBble c10Ba: KUCIOPOACOAEPIKAIINE TETEPOLUKIBL, 2,2-IUMETUITETparuAponupan-4-od, 2,2-
IPONapTrUIOKCHOCH30HHAS KHCIIOTa, OXHOIONIBHBIE H IBYI0IBHBIC PACTCHUS.
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