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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS AND STRUCTURE OF
DIETHYL-2,6-DIMETHYL-PYRIDIN-3,5-DICARBOXYLATE

Abstract. The article is devoted to the development of a preparatively convenient method for the synthesis of
diethyl-2,6-dimethylpyridin-3,5-dicarboxylate. The data on the synthesis of diethyl-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate obtained by three-component cyclocondensation of two equimolar amounts of
acetoacetic ester, urotropine and ammonium acetate by the Ganch method are presented. It was shown that when
ethanol was boiled for 2 h, diethyl 2,6-dimethyl-1,4-dihydropyridin-3,5-dicarboxylate with sodium nitrite in acetic
acid led to the formation of the corresponding aromatic pyridine. The structures of the synthesized compounds were
studied by 'H and 3C NMR spectroscopy, as well as by the data of two-dimensional spectra of COSY ('H-'H) and
HMQC ('H-3C). The values of chemical shifts, multiplicity, and integrated intensity of 1H and 13C signals in one-
dimensional NMR spectra were determined. Using spectra in the formats COSY (‘H-'H) and HMQC ('H-3C),
homo- and heteronuclear interactions were established, confirming the structure of the studied compounds.

Keywords: Ganch reaction, 1,4-dihydropyridines, 'H and '3C NMR spectra, diethyl-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate.

Introduction

It is known that the derivatives of the Ganch reaction - 1,4-dihydropyridines, are of great interest not
only in terms of their possible preparative modification and possessing a wide range of pharmacological
activity, but also the constant detection and identification of derivatives of new forms of biological activity
among this class of derivatives [1-12]. The chemical oxidation reaction of 1,4-dihydropyridines has been
well studied; a number of both organic and inorganic reagents are used as oxidizing agents [13-19].

Methods

'H and “C NMR spectra of compounds 1, 2 were recorded in DMSO-ds on a JNM-ECA 400
spectrometer (399.78 and 100.53 MHz on 'H and "*C nuclei, respectively) of the Jeol company from
Japan. The survey was carried out at room temperature using a DMSO-d¢ solvent. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms of a deuterated solvent.

Experimental part

Diethyl-2,6-dimethyl-1,4-dihydropyridin-3,5-dicarboxylate (1). A mixture of 15.6 g (0.12 mol) of
acetoacetic ester, 1.54 g (0.01 mol) of urotropin and 4.62 g (0.06 mol) of ammonium acetate in 60 ml of
ethanol is boiled for 1 hour. The solution is cooled, the precipitate is filtered off. Yield 2.50 g (90.0%),
temperature melting 189-190°C.

Diethyl-2,6-dimethylpyridin-3,5-dicarboxylate (2). To a suspension of 1.27 g (0.005 mol) of
diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in 15 ml of acetic acid at room temperature,
0.69 g (0.01 mol) of sodium nitrite was added in portions. After all sodium nitrite was added, the reaction
mixture was stirred for 2 hours at room temperature. Then it is poured onto ice, neutralized with ammonia
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and the precipitated product 2 is filtered off, washed with water. Yield 1.13 g (89.7%), temperature
melting 74-75°C.

Results and discussions

In order to obtain and further modify the new derivatives of symmetric 1,4-dihydropyridines, a three-
component cyclocondensation of two equimolar amounts of acetoacetic ester was carried out by the Ganch
method. Instead of formaldehyde and ammonia in the classic version of the Ganch synthesis, it used
urotropine and ammonium acetate. Ethanol was chosen as a solvent. The reaction time was monitored by
TLC. As a result of the reaction, after 1 h of boiling the mixture, a light yellow precipitate formed, which
after filtration did not require additional purification, since According to the 'H and *C NMR spectra, it
turned out to be analytically pure product 1.
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In the "H NMR spectrum of compound 1, the equivalent methyl protons H-15, 15, 15, 18, 18, 18 of
the ethyl carboxylate groups appeared as a six-proton triplet at 1.14 ppm with °J 7.2 Hz. The neighboring
equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated with a four-
proton quadruplet signal at 4.01 ppm, respectively with *J 6.8 Hz. Equivalent methyl protons H-7, 7, 7, 12,
12, 12, which do not have protons splitting them in the neighborhood, were manifested by the expected
six-proton singlet at 2.02 ppm. At 3.06 ppm atoms of H-4, 4 of the dihydropyridine fragment were
resonated by a two-proton singlet. In the weakest field at 8.25 ppm single-proton singlet protons H-1 of
the dihydro-pyridine nucleus appeared.

In the '*C NMR spectrum of compound 1, signals of equivalent ethyl carboxylate groups appeared at
14.92 (C-15, 18), 59.46 (C-14, 17) and 167.65 (C-8, 10) ppm. The carbon atoms of the equivalent methyl
substituents C-7, 12 resonated at 18.47 ppm. The carbon atoms of the dihydropyridine fragment are
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Figure 1 — Spectrum survey of HMQC compound 1 in DMSO
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The structure of compound 1 was also confirmed by the methods of two-dimensional NMR
spectroscopy COSY ('H-'H) and HMQC ('H-'*C), which allows one to establish spin-spin interactions of
a homo- and heteronuclear nature (Figs. 1 and 2). The observed correlations in the molecule are presented
in the diagrams. In the spectra of 'H-'"H COSY compounds, spin-spin correlations are observed through
three bonds of the neighboring methyl and methylene protons of the ethyl carboxylate fragments H'>'5-
H'*'7 with coordinates at 1.11, 4.01 and 4.00, 1.14 ppm. Heteronuclear interactions of protons with carbon
atoms through one bond were established using '"H-">*C HMQC spectroscopy for all pairs present in the
compound: H'>'¥-C">'8 (1,14, 14.92), H"'>-C™'? (2.06, 18.47) , H*-C* (3.06, 25.24) and H'*""-C'*'7 (4.01,

59.58).
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Figure 2 — Survey of the spectrum of COSY compound 1 in DMSO

Oxidative dehydrogenation of diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate 1 to the
corresponding aromatic pyridine 2 was carried out with sodium nitrite in acetic acid. As a result of the
reaction, diethyl-2,6-dimethylpyridin-3,5-dicarboxylate 2 was isolated in analytically pure form with a
yield of 89.7%.

(0} (0}
C2H5\ /CZHS
O | | O NaNOZ
Hy,C” N7 CH,
1

In the '"H NMR spectrum of compound 2, the equivalent methyl protons H-15, 15, 15, 18, 18, 18, 18
of the ethyl carboxylate groups showed a six-proton triplet at 1.28 ppm with *J 6.8 Hz (Fig. 3). The
neighboring equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated
with a four-proton quadruplet signal, respectively, at 4.27 ppm with *J 6.8 Hz. Equivalent methyl protons
H-7,7, 7, 12, 12, 12, which do not have protons splitting them in the neighborhood, were manifested by
the expected six-proton singlet at 2.67 ppm. In the aromatic region, a single-proton singlet at 8.44 ppm.
the pyridine proton H-4 resonated.
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In the *C NMR spectrum of compound 2, signals of equivalent ethyl carboxylate groups appeared at
14.53 (C-15, 18), 61.77 (C-14, 17) and 165.65 (C-8, 10) ppm (fig. 4). The carbon atoms of the equivalent
methyl substituents C-7, 12 resonated at 25.00 ppm. The carbon atoms of the pyridine fragment are

observed at 123.11 (C-3, 5), 140.43 (C-4) and 161.83 (C-2, 6) ppm.
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Figure 4 — Survey of the NMR !3C spectrum of compound 2 in DMSO

The structure of compound 2 was also confirmed by two-dimensional NMR spectroscopy COSY (‘H-
'H) and HMQC ('H-"*C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature (Fig. 5). The observed correlations in the molecule are presented in the diagrams. In
the spectra of the '"H-'"H COSY compound, spin-spin correlations are observed through three bonds of the
neighboring methyl and methylene protons of the ethyl carboxylate fragments H'>'|-H'*!7 with
coordinates at 1.26, 4.27 and 4.26, 1.28 ppm. Heteronuclear interactions of protons with carbon atoms
through one bond were established using 'H-"*C HMQC spectroscopy for all pairs present in the
compound: H'>'"8-C'>!1®¥ (1.27, 14.63), H'2-C"'? (2.66, 25.04) H'*'7-C'*'7 (4.28, 61.57); and H*-C* (8.42,

140.33).
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Figure 5 — Correlation scheme in the spectra of COSY (a) and HMQC (b) of compound 2

Thus, we synthesized diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate and developed a
fairly simple and effective method for producing diethyl-2,6-dimethylpyridin-3,5-dicarboxylate, the
structure of which is proved 'H and '*C NMR spectroscopy, as well as the data of two-dimensional spectra
of COSY ('H-'H) and HMQC ('H-"*C).

Research funding source. This work was financially supported by the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan (Grant No. AR051311054).
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JUDTUII-2,6- IMUMETUJININPUINH-3,5- TUKAPBOKCHUJIAT
CHUHTE3I )KOHE KYPbBIJIBIChI

AnHoTamusi. Maxkana IuUITWI-2,6-TUMETHITUPUINH-3,5-TUKapOOKCWIIAT ~ CHHTE31HIH  KOJAWIbl  OJiCiH
i3gecripyre apHanraH. ['aHd omici OoibIHIIA aneToykcyc 3¢Qupi, YpOTPOIIMH >XOHE aMMOHHUM aleTaThIHBIH €Ki
SKBAMOIBAI ~ MOJNIIEpiHAE  YIIKOMIIOHEHTTI  [HWKIOKOHACHCAIMSAMEH  ajJblHFAaH  JUITHI-2,6-auMeTHi-1,4-
TUTAAPOTIAPUINH-3,5-TMKapOOKCHIATTEl CHHTE3/Iey OOWBIHIIA 3epTTey AepeKTepi KapacTeipburrad. KoHmeHcanus
MPOIIECiHIH epiTKilm peTiHae 3TaHon TaHmaimel. Peakrmmsa yakpiTel JKKX kemerimMen OakputraHAbl. PeakiiusHBIH
HOTH)KECIHJE KOCTaHbl | caraT KallHAaTKaHHAH KeWiH aliblK-capbl TyHOAa TY3UIIi, OJ CYy3yJEeH KeiiH KOChIMILa
TazapTyasl Tanan erneni, oitkeni AMP 'H xone '3C crextpine coiikec 0N aHATMTHKAIBIK Ta3a OHIM GOJIBII IIBIKTEL.
Juatin-2,6-numetu- 1,4-Iuruiponupuant-3,5-1MKapOOKCHIIATTBIH ~ TOTBIFY  JCTHAPJCHYl THICTI  apOMATThI
MUPHUIUHTE JeWiH CipKe KBINIKbUIBIHAA HATPUH HUTPHUTI KAaThICYbl apKbUIbl Kypriziieni. Peakumsi HoTmXKeciHne
JTUATU-2,6- TUMETHIITUPUINH-3,5-uKapOookcmnar  89,7% IIBIFBIMBIMEH AHAIUTHKAIBIK Ta3a TypAe OeiHi.
CuHTesenren KochutbicTapbiH Kypbutbickl IMP 'H - xone '*C-ciextpockonus omicrepimen, conpaii-ak COSY
('H-"H) xone HMQC ('H-"3C) exi emmempui crnextpiuepinin aepexrepimeH 3eprrenni. bipemmemui SIMP
cnextpnepinge 'H »xxome *C curHangapiblH HHTErpaablK KapKbIHIBUIBIFBI, MYJIBTHIUIETTUIIN YKOHE XHMUSIIBIK
pIFbICy MoHzepi ambikTanmel. COSY ('H-'H) xome HMQC ('H-'3C) ¢opmarrapeinma cHEKTpIEp KOMETiMeH
3epPTTENETiH KOCBUIBICTAPIBIH KYPBUIBIMBIH PACTAHTHIH TOMO - JKOHE TeTEepOSIpOIBIK e3apa JpeKeTTecyiep
OpHATBUIABL JIMATHII-2,6-TUMETHII- 1 ,4- TUTMAPOINPHANH-3,5- TMKapOOKCHIAT KOCBUILICHIHEH 'H SIMP cnexrpinme
MeTmibai mpotongap H-15, 15, 15, 18, 18, 18 stunkap6okcunartel Tontap 1.14 m.6. 3J 7.2 T'n kxe3inge anTel
TPUILIETIIEH Naiifa GONATHIHALIFEI aWKpIHAanAbl. C CIeKTpiHAe AUITUIN-2,6-IUMeTHII- 1, 4-TUrHApOITUPUINH-3,5-
JTUKAapOOKCHIIAT KOCBIHABICHIHBIH 3THIKAPOOKCHIIAT TONTAPBIHBIH SKBUBAICHTTI curaaaaapsl 14.92 (C-15, 18), 59.46
(C-14, 17) xome 167.65 (C-8, 10) ™m.0. kesinge aiikpiH kepinreH. C-7, 12 9SKBHBaJICHTTI METHJIbII
opbIHOAcapIapbIHBIH KOMIPTEKTI aToMaapsl 18.47 M.0. ke3iHe pe3oHauusuIanFad. Juruaponupuauaai GparMeHTTIiH
kemipreri aromzaapsl 25.23 (C-4), 97.52 (C-3, 5) xone 147.09 (C-2, 6) M.0. aiimarbiHaa anbikTanabl. CoHnaii-ak
TUATII-2,6-TUME THIIITA PUIUH-3, 5- TuKapOoKkcmiaTTeiH IMP 'H CIIEKTPIiHE SKBUBAICHTTI METHIIB]I MpoToHaapsl H-
15, 15, 15, 18, 18, 18 srunxap6okcunarrsl tomrap 1.28 Mm.6. 31 6.8 'l ke3iHme aNThl TPHUILIETHEH KOPIHETiHi
anpikTanFan, an SIMP 13C cnexrpinie kKapOOKCHIIATTHI TONTAPBIH SKBUBAIEHTTI 3TUJI curHanaapsl 14.53 (C-15, 18),
61.77 (C-14, 17) xome 165.65 (C-8, 10) ™m.6. kesingme Oabikamael. C-7, 12 SKBHBAJICHTTI METHIIBII
OopeIHOAacapiapbIHBIH KeMipTekTi atommapsl 25.00 M.0. kesiHme pesoHanusutaHabl. [lupumwHImi (parMeHTTIH
kemipreri atommapsr 123.11 (C-3, 5), 140.43 (C-4) xone 161.83 (C-2, 6) M.0. OaiikanraH.

Tyiiin cesgep: I'anu peaxuusacel, 1,4-murupponupumunnep, IMP 'H - xone '*C-cnexrtpnep, amstui-2,6-
TUMETWI- | ,4- TUTUAPOTIMPUINH-3,5 - TUKapOOKCHIIAT.
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CUHTE3 U CTPOEHUE
JUITUII-2,6-ANMETUJININPUANH-3,5-TUKAPBOKCHJIATA

Annoranusi. CTaThs TIOCBSIIEHA pa3padOTKe TMPemapaTHBHO YOOOHOTO crocoba CHHTE3a TUITHI-2,6-
TUMETWINMPUANH-3,5-mukapOokcninara.  [IpuBemeHsl  JaHHBIE 10 CHHTE3y  JOUITWI-2,6-auMeTHi-1,4-
JTUTAAPOTINPUINH-3,5-TUKapOOKCcMIaTa,  IOIy4eHHOTO TPEXKOMIIOHEHTHOH  ITUKJIOKOHJACHCAIIMEH  IBYX
SKBUMOJIbHBIX KOJIMYECTB alleTOYKCYCHOTro 3(hupa, yPOTPOIMHA U alleTaTta aMMOHus 1o metody ['anua. B kauectBe
pacTBOpHTENs Tpoliecca KOHAEGHcauK OblT BRIOpaH 3TaHo. Bpems peakinu koHTpoirpoBaiu ¢ nomoiusio TCX. B
pe3yabTaTe peakiu Mocie | 9 KHUIITYCHHS CMECH OOpa30BBIBAJICA CBETJIO-XKENTHIA OCAJ0K, KOTOPBIH IMOCIe
(unbTpanuu He TpeGOBa JOMOJHUTENBLHON OYHUCTKH, TTIOCKONILKY, cornacHo criektpam SIMP 'H u 3C, on okasancs
AHAIMTHYCCKU YUCTHIM TPOIYKTOM. OKHCIUTENBHOE JETHAPUPOBAHUE TUITIII-2,6-TUMETII- | ,4- TUTUAPOTUPUIH-
3,5-mukapOoKcmiata 0 COOTBETCTBYIOIIETO apoOMAaTHYECKOTO NHPHUAWHA IIPOBEJICHO B MPUCYTCTBHH HUTPUTA
HaTpusT B YKCYCHOH kuciote. B pesynprare peaknum OBUT  BBIACICH OHATHI-2,0-IUMETIIITHPUANH-3,5-
TUKAapOOKCHIIAT B aHAUTHYECKH YUCTOM BHAE ¢ BbIxomoM 89,7 %. HccmenoBaHBI CTPOCHUS CHHTE3UPOBAHHBIX
coenunennii merogamu SIMP 'H- u '*C-criekrpockonum, a Takke JaHHBIME AByMepHBIX criektpoB COSY (‘H-'H) u
HMQC (*H-3C). Onpenenensl 3Ha4eHUsI XUMHYECKHX CIABUTOB, MYJIbTUIUIETHOCTh U MHTETPAIbHAS HHTEHCHBHOCTH
curnanos 'H u ¥C B ogaomepHbIX cnektpax SIMP. C nomompsio criektpos B (popmarax COSY ('H-'H) u HMQC
('H-13C) ycTaHOBIEHBI TOMO- M TETEPOSAEPHBIE B3aMMOIEHCTBHS, IOATBEPIKIAIONINE CTPYKTYPY HMCCIETYEMBIX
COETMHEHUH. 3aduxcuposano, uro B cmektpe SMP 'H mgustun-2,6-nuMerun-1,4-nuruaponupuane-3,5-
nuKapOokcuiaara MeTHibHBbIe mpoTonsl H-15, 15, 15, 18, 18, 18 »TuikapOOKCHIATHBIX TPYII IMPOSBUILCH
MIECTUNPOTOHHBIM TpuIuieToM mpu 1.14 m.a. ¢ 3 72 Tu. B crektpe AMP BC amdtun-2,6-numernn-1,4-
TUTAAPOTIAPUINH-3,5-TUKapOOKCHIaTa CHTHAJBI 3KBHBAJCHTHBIX 3THIIKAPOOKCIIIATHBIX TPYHH OOHApYKEHO MpH
14.92 (C-15, 18), 59.46 (C-14, 17) u 167.65 (C-8, 10) m.n. YriepogHble aTOMBI 3KBHBAJICHTHBIX METHIIBHBIX
3amectureneit C-7, 12 pesonupoBaHo mpu 18.47 M.a. ATOMBI yrilepoja AWTHAPONMPHIMHOBOTO  (parMeHra
Habmoneno mpu 25.23 (C-4), 97.52 (C-3, 5) u 147.09 (C-2, 6) m.o. Takxke BBIACHEHO, 4TO B crekrpe SIMP 'H
TUATII-2,6- TUME THIIITA PUINH-3,5- THKapOOKCHMIaTa SKBUBAJICHTHBIE METHIIbHBIE TpoToHEI H-15, 15, 15, 18, 18, 18
STHIKAPOOKCIIATHBIX TPYIII IIPOSBISIOTCA INECTHIPOTOHHBIM TpHILIETOM IIpu 1.28 m.a. ¢ 3J 6.8 ', a B ciekTpe
SIMP 3C curHanbsl 5KBHBAJIECHTHBIX 3THIKApOOKCHIATHBIX TPYIN pe3oHUpyroT mpu 14.53 (C-15, 18), 61.77 (C-14,
17) m 165.65 (C-8, 10) m.n. VYriepoaHble aTOMbl 3KBHUBAJCHTHBIX METHJBHBIX 3amectutenen C-7, 12
pe3onupoBanuch mpu 25.00 m.1. ATOMBI yriepoJa mupuAMHOBOro (parmenra Habmoaeno mpu 123.11 (C-3, 5),
140.43 (C-4) u 161.83 (C-2, 6) m.x.

KiroueBbie ciioBa: peakuus ['anua, 1,4-qurugponupuaunsl, IMP 'H- u 13C-CH€KprI, IMATUI-2,6- TUMETHII-
1,4-muruapornupuaue-3,5-mmKkapOOKCHIIAaT.
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