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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 '*C 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 ')C 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 INM-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-ds 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 127 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.

H;CH,C
C2H5 C2H5 CH3COONH
N~ \/N

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
observed at 25.23 (C-4), 97.52 (C-3, 5) and 147.09 (C-2, 6) ppm.

Jjo—o0 742 15,18

P16 __cH 14,17 ;
o 4—5y 177718 2 — | A |/ AJ{/
3 / -
9% 6o A N — A N

{1.14,14.92}
1 ' 1y
‘\’j” 15

9
(0) (0) 17 18

e f2061a47}|u ,
Vi g 20
(306,25.24)

f1 (ma)

55

{4,01,59.58&
- 60

14,17 7

63

T T T T T T T T T T T T T T T T
50 48 45 44 42 40 38 3.6 34 3.2 30 28 2f26( 2).4 22 20 18 16 14 12 10 08 06 04 02 00
)

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!> 13-
H'"*" 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>18-C>18 (1,14, 14.92), H12-C"12 (2.06, 18.47) , H*-C* (3.06, 25.24) and H'*"7-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%.
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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 3 — Survey of the NMR 'H spectrum of compound 2 in DMSO
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Figure 4 — Survey of the NMR *C 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 'TH-'H COSY compound, spin-spin correlations are observed through three bonds of the
neighboring methyl and methylene protons of the ethyl carboxylate fragments H!>'3-H'“!7 with
coordinates at 1.26, 427 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¥ (127, 14.63), H'2-C™'2 (2.66, 25.04) H'*!7-C'*!7 (4.28, 61.57); and H*-C* (8.42,

140.33).




News of the Academy of sciences of the Republic of Kazakhstan

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

Thus, we synthesized dicthyl-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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JUITUII-2,6-ATUMETHININPUA AN H-3,5- TUKAPBOKCUJIAT
CHUHTE3I ’K9OHE KYPBLIBICHI

AnHoTtamusa., Makama aEITHI-2,6-THMCTHINHPHINH-3,5-THKAPOOKCHIAT CHHTC3IHIH  KOJAMIBI  OiCiH
i3gecripyre apHanFaH. ['aEd omici OOHBIHINA ameTOYKCYC 3(Hpi, YPOTPOIHH >XOHE AMMOHHH AaICTATHIHBIH CKi
SKBHMOJIbI ~ MOJIICPIHAC  VIIKOMIOOHCHTTI  IHKJIOKOHACHCAIMAMCH  AJbIHFAH  AWATHI-2,0-muMeTHi-1,4-
JUTHAPOTHPHINH-3,5-THKAPOOKCHIATTHI CHHTC3ACY OOMBIHINA 3CPTTCY ACPCKTEPl KapacThipsuraH. KoHmeHcanms
MPOLCCIHIH CPITKIIm peTiHAC 3TaHON TaHmaiamel. Peaxuma yakeirel JKKX kemeriMeH OakpUIaHABI PeakiusHBIH
HOTIDKCCIHAC KOCHAaHBI | caraT KAWHATKAHHAH KCHIH AIOBIK-Capbl TYHOA TY3ULOi, 07 CY3VACH KCHiH KOCHIMINA
Ta3apTyasl Tanan etneni, oiTkeri SIMP 'H sxome *C ciekTpine coiikec 01 AHATMTHKAILIK, TA34 OHIM GOJIBII IIBIKTEL
Justrn-2,6-muve - 1,4-Aur uapoMpuanH-3, 5-THKapOOKCUIATTEIH,  TOTBIFY — ACTHAPJICHYI THICTI  apoMaTTh
MUPUINHIC ACHIH CIPKEC KBIIIKBUIBIHAA HATPHUH HUTPHUTI KATHICYBI apKbLUIBI KYPTidiaeni. Peakums HoTmkeciHIe
TAATAN-2,6-TAMCTHIMAPHANH-3, 5-mukapOookcmiatr 89,7% NIBIFBIMBIMCH AHAMHTHKANBIK Ta3a Typac OemiHui.
CuHTE31eITEH KOCBUTBLICTAPABIH Kypbutbichl SIMP 'H - skoHe *C-crexrpockomus amictepiMen, conmaii-ak COSY
(‘H-'H) xome HMQC (‘H-*C) exi emmemmi CnexTpnepinie aepexrepiMen seprreni. bipemmemmi SMP
crniektprepinge 'H sxone '>C CHTHANIAPABIH MHTETPANIBIK KAPKBIHIBLIBIFEL, MYJIBTHIUICTTLIIN KOHE XHMUSIIBIK
biFbICY MoHzepi ambikTanmel. COSY (‘H-'H) sxome HMQC (‘H-'3C) (opMarTapbiHma CHOEKTPIEp KOMETIMEH
3EPTTENCTIH KOCBUTBICTAPABIH KYPBIIBIMBIH PACTAHTBIH TOMO - JXKOHEC TCTCPOSAPOIBIK 63apa OpPEKETTECyJIep
OpHATHUTIBL JIHOTHII-2,6-THMETHI- 1,4~ THrHAPOTIHPHIHH-3, 5-TMKAPOOKCHIAT KOCKUILICHIHBIH 'H AMP criekTpinme
MeTHabAi mpotormap H-15, 15, 15, 18, 18, 18 stuaxapbokcumarter Tomrap 1.14 m.6. 3] 7.2 T'm xesimme anter
TPHIUIETTIEH TAHAA GONATHIHABIEBI aHKbHAANIEL PC crexTpinae auaTHn-2,6-muMeTHn-1,4-MruaponHpuIme-3, 5-
JUKAPOOKCHIIAT KOCHIHABICHIHBIH 3THIKAPOOKCHIIAT TONTAPBIHBIH YKBHBAICHTTI CHTHAIAaps! 14.92 (C-15, 18), 59.46
(C-14, 17) xome 167.65 (C-8, 10) m.06. xesinge adkeiH kepinreH. C-7, 12 SKBHBAJCHTTI MCTHIIBIL
OpBIHOACAPIAPBIHBIH KOMIpPTEKTi atoMaapsl 18.47 M.0. ke3iHAC pe3oHanuIaHFaH. JuruaponupuInHai (ParMeHTTIH
kemipreri arommapsl 25.23 (C-4), 97.52 (C-3, 5) xone 147.09 (C-2, 6) m.0. aliMarbiHOA aHBIKTANAeL. CoHmaH-ak
JM3THI-2,6-TAMETHIITUPUINH-3, 5-TUKAPOOKCHIATTRIH IMP 'H CieKTPiHAe 3KBHBAJICHTTI METHIIBAI MPOTOHAAps! H-
15, 15, 15, 18, 18, 18 stunkapboxcumarrel Tonrap 1.28 M.6. 1 6.8 T'u ke3iHme anThl TPHILIETHIEH KOPIHETIHI
anbikTamEas, ax IMP 13C cnekrpinae kapOOKCHIATTHI TONTAPIbIH SKBHBAJICHTTI 3THI cHrHaimapsr 14.53 (C-15, 18),
61.77 (C-14, 17) xome 16565 (C-8, 10) m.0. xe3imme Oaidikanmpl. C-7, 12 SKBUBAICHTITI MCTHIBII
OpPBIHOACAPIAPBIHBIH KOMIPTEKTI aromMaapsl 25.00 m.6. ke3iHae pes3oHauusmanapl. [lupuauHai (parMCHTTIH
kxemipreri atomaapsr 123.11 (C-3, 5), 140.43 (C-4) xone 161.83 (C-2, 6) M.0. OadKamFaH.

Tyiiin cespep: aru peaxumscer, 1,4-maruapommupumanaep, AMP 'H - sxome 3C-cnextpnep, amaTwi-2.6-
IAMCTHI- 1, 4-muruapomupuanH-3, 5-THKApOOKCHIIAT.
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CHUHTE3 U CTPOEHHUE
JAITUI-2,6-: TUHMETHJIITAPUINH-3,5-TUKAPBOKCHUJIATA

Annoramusa, CTarbsd TOCBAMICHA pPa3paldOTKE MNPECMAPATHBHO YIOOHOTO Cmoco0a CHHTE3a JUITHI-2,6-
JAMCTHIITHPHINH-3, 5-THKApOOKCHIATA. IIpuseacHbI JAHHBIC o CHHTE3Y JUATUI-2,6-auMeThI-1,4-
JUTHAPOTHPHINH-3,5-THKApOOKCHIATA,  HOJYYCHHOTO TPEXKOMIIOHEHTHOW  LIMKJIOKOHACHCALUEH  JABYX
SKBHMOJTLHBIX KOJMYCCTB ALCTOYKCYCHOTO 3(Hpa, YPOTPOIIMHA H aIleTaTa aMMOHHUS o MeToay [ amua. B kauecTse
PACTBOPHTEIIA MPOLECCA KOHACHCAIIMA OBLT BRIOPAH 3TaHOJ. Bpemsa peakimu xoHTpommposamd ¢ nomomeo TCX. B
pe3yJIBTaTe PCAKIMH TOCAC | 9 KMIDTYCHHSA CMCCH OOPA30BBIBANCSA CBETJIO-KCITBIH OCAAOK, KOTOPBIH IOCIC
(unbTpanuu He TPEOOBAT JOMONHATEILHON OUHCTKH, TOCKOIBKY, cornacHo crekrpam SIMP 'H u 13C, on okazancs
AQHATTMTHYECKH YUCTBHIM MPOIYyKTOM. OKHCIHTENFHOE NETHAPHPOBAHKUE AUITUI-2,6-TUMETHI- |, 4- AU HAPOTHPH TTH-
3.5-mukapOoOKCHIaTa 0 COOTBCTCTBYIOIICTO APOMATHYCCKOTO NHPHIMHA NPOBCACHO B MPHUCYTCTBHH HHUTPHTA
HATPUS B VKCYCHOHW kmchaote. B pesyaprate peakmum OBLT  BBIACACH JHATHI-2,0-THMCTHIITHPHIAH-3,5-
JUKAPOOKCHIAT B AHATUTHUCCKH YHCTOM BHAC ¢ BBIXOAOM 89,7 %. HcciaenoBaHBI CTPOCHHS CHHTC3HPOBAHHBIX
coemunenmit Metogamu IMP 'H- u *C-ciekTpockonum, a Taxxe JaHHbIME 1ByMEpPHbIX cniekrpos COSY (‘H-'H) u
HMQC (*H-13C). Onpeacnensl 3HAYCHUS XUMIUECKIX CABHIOB, My IbTHILICTHOCTh M HHTCTPAJIbHAS HHTCHCHBHOCTD
curnanos 'H u *C B ogromepnbx crekrpax SIMP. C momompro cnekrpos B (opmarax COSY (‘H-'H) m HMQC
(*H-'*C) yCTAHOBJNEHBI TOMO- M TETEPOSICPHBIE B3AMMOJCHCTBUSA, MOATBEPIKIAIONMIAE CTPYKTYPY HCCIETYEMBIX
COEIMHEHHH. 3adurcupoBano, uro B cmekrpe SIMP 'H  amoTwr-2,6-auMeTw- 1,4-auraaponupuans-3, 3-
aukapOoOKcHiIaTa METHWIbHBIC mpoToHsr H-15, 15, 15, 18, 18, 18 »>THIKapOOKCHIATHBIX TPYNIT MPOSBHIHCH
HIECTHIPOTOHHBIM TpHreroM mpu 1.14 ma ¢ 3] 72 Tu. B cmekrpe IMP '3C  musTun-2,6-nuvernn-1,4-
JUTHAPOTHPHINH-3,5-THKAPOOKCHIATA CHTHAJBI 3KBHBAJCHTHBIX 3THIKAPOOKCHIATHBIX TPYyHH OOHAPY'KCHO HpPH
14.92 (C-15, 18), 59.46 (C-14, 17) m 167.65 (C-8, 10) m.a. YTriacpoaHBIC aTOMBI 3KBHBAJICHTHBIX MCTHIBHBIX
samecrurereii C-7, 12 peszonmposaHo mpu 18.47 m.a. AToMBI yriiepoja AWTHAPONMHMPHIMHOBOTO  (pparMeHra
HaOmomeHo mpu 25.23 (C-4), 97.52 (C-3, 5) u 147.09 (C-2, 6) m.a. Tawke BeIACHEHO, uTO B cnekrpe IMP 'H
JUATH-2,6-TIMCTHIMAPHANH-3, 5-THKAPOOKCHIATa 3KBHBAJICHTHBIC MCTHIBHBIC PoTOoHBI H-15, 15, 15, 18, 18, 18
STHIKAPOOKCHIATHBIX TPYTIT MPOSBISOTCA MIECTHIPOTOHHBIM TpHIIETOM Tipu 1.28 M. ¢ 2] 6.8 T, a B cekTpe
AMP 13C CHrHABI SKBUBATEHTHBIX STHIKAPOOKCHIATHBIX TPYINI Pe3oHupyroT mpu 14.53 (C-153, 18), 61.77 (C-14,
17) m 16565 (C-8, 10) m.a VYracpoaHplc aTOMBI 3KBHBAJICHTHBIX MCTHJIBHBIX 3amecturencit C-7, 12
pe3onmpoBaHCH mpu 25.00 M.1. ATOMBI YITICpPOJa MHPHINHOBOTO (Pparmenra mabmoacHo mpu 123.11 (C-3, 5),
14043 (C-4)m 161.83 (C-2, 6) m.1.

Knouesnie ciosa: peaxuus [anva, 1,4-muruaponupuaussl, SMP 'H- u *C-cHexTpbl, IU3TUI-2,6-THMETHII-
1,4-auruaponupuuH-3, 5 -THKapOOKCHUIAT.

Information about authors:

Nurkenov O.A. — Doctor of chemical sciences, Professor, Institute of Organic Synthesis and Coal Chemistry of the Republic
of Kazakhstan, e-mail: nurkenov_oral@mail.ru;

Seilkhanov T.M. - Candidate of Chemical Sciences, Sh. Ualikhanov Kokshetau State University, e-mail:
tseilkhanov(@mail .ru, https://orcid.org/0000-0003-0079-4755:

Fazylov S.D. — corresponding member of NAS RK, Doctor of chemical sciences, Professor, Institute of Organic Synthesis
and Coal Chemistry of the Republic of Kazakhstan. e-mail: iosu8990@mail.ru, https://orcid.org/0000-0002-4240-6450;

Karipova G.Zh. — researcher, master, Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan. e-
mail: gulja_1708(@mail.ru, https://orcid.org/0000-0002-3896-6156;

Ermek D.M. — master, Karaganda State Technical University. e-mail: dark_han_-96(@list.ru, https://orcid.org/0000-0002-
6964-8599;

Tishtykbayeva D.E. — master, Karaganda State Technical University. e-mail: dana_9605@mail.ru, https://orcid.org/0000-
0003-1796-2276

REFERENCES

[1] Soldatenkov A.T., Kolyadina N.M., Shendrik 1.V. (2001) Fundamentals of organic chemistry of drugs. Chemistry,
Moscow. [Osnovy organicheskoy khimii lekarstvennykh veshchestv. Khimiya, Moskva] IBSN 5-7245-1184-3. (In Russian).




News of the Academy of sciences of the Republic of Kazakhstan

[2] Pogosova G.V. (2004) Nifedipine in the treatment of cardiovascular diseases. Clinical Pharmacology and Therapy
[Nifedipin v lechenii serdechno-sosudistykh zabolevaniy, Klinicheskaya farmakologiya i terapiya] 3:51-56. (In Russian).

[3] Suresh T., Swamy S.K., Reddy V.M. (2007) Synthesis and bronchodilatory activity of new 4-aryl-3.5,-bis(2-
chlorophenil)-carbamoyl-2.,6-dimethyl-1,4-dihydropyridines & their 1-substituted analogues // Indian Journal of Chemistry. Secter
B, 1:115-121. DOI: 10.1002/chin.200722125. (In Eng).

[4] Pattan S.R., Rasal V.P., Venkatramana N.V., Khade A.B., Butle S.R., Jadhav S.G., Desai B.G., Manvi F.V. (2007)
Synthesis and evaluation of some 1,4-dihydropyridine and their derivatives as antihypertensive agents. Indian Journal of
Chemistry, Secter B, 4:698-701. (In Eng).

[5] Zhu X.Q., Zhao B.J., Cheng JP. (2000) Mechanisms of the Oxidations of NAD(P)H Model Hantzsch 1.4-
Dihydropyridines by Nitric Oxide and Its Donor N-Methyl-N-nitrosotoluene-p-sulfonamide. J. Org. Chem., 24:8158-8163. DOI:
10.1021/j0000484h. (In Eng).

[6] Vanden Eynde I.J., D’Orazio R., Van Haverbeke Y. (1994) Potassium permanganate, a versatile reagent for the
aromatization of Hantzsch 1,4-dihydropyridines. Tetrahedron, 8:2479-2484. DOI: 10.1016/S0040-4020(01)86964-7. (In Eng).

[7] Yadav J.S., Subba Reddy B.V., Sabitha G., Kiran Kumar Reddy G.S. (2000) Synthesis, 2:1532. (In Eng).

[8] Kulakov 1.V., Nurkenov O.A., Turdybekov D.M., Isabaeva G.M., Makhmutova A.S., Turdybekov K.M. (2009) Synthesis
of thiazolopyrimidines based on 4-aryl-substituted 3,4-dihydropyrimidine (1H) of 2-thiones and the crystal structure of 5-(2.4-
dimethoxyphenyl)-7-methyl-3-ox0-3,5-dihydro-2H-thiazolo [3.2-a] pyrimidine-6-carboxylic acid ethyl ester. Chemistry
heterocyclic compounds, 7:1075-1079. (In Russian).

[9] Sausins A.E., Dubur G.Ya. (1992) Synthesis of 1,4-dihydropyridines in cyclocondensation reactions . Chemistry of
heterocyclic compounds [Sintez 1,4-digidropiridinov v reaktsiyakh tsiklokondensatsii. Khimiya geterotsiklicheskikh soyedineniy]
4:435-467. (In Russian).

[10] Castron V.V., Vitolin R.O., Dubur G.Ya. (1990) Synthesis and pharmacological activity of 1,4-dihydropyridines.
Pharmaceutical Chemistry Journal [Sintez i farmakologicheskaya aktivnost' 1.4-digidropiridinov. Khimiko-Farmatsevticheskiy
zhurnal] (1):14-20. (In Russian).

[11] Edraki N., Mehdipour A.R., Khoshneviszadeh M., Miri R. (2009) Dihydropyridines: evaluation of their current and
future pharmacological applications. Drug Discovery Today, 21:1058-1066. DOI: 10.1016/j.drudis.2009.08.004 (In Eng).

[12] Vijesh A.M., Isloor A.M., Peethambar S.K., Shivananda K.N, Arulmoli T., Isloor N.A. (2011) Hantzsch reaction:
synthesis and characterization of some new 1.4-dihydropyridine derivatives as potent antimicrobial and antioxidant agents.
European Journal of Medicinal Chemistry, 11:5591-5597. DOIL: 10.1016/j.ejmech.2011.09.026. (In Eng).

[13] Nurkenov O.A., Karipova G.Zh., Seilkhanov T.M., Satpayeva Zh.B., Fazylov S.D., Nukhuli A. (2019) Synthesis and
intramolecular heterocyclization of some thiosemicarbazides of isonicotinic acid, Jourmnal general chemistry [Sintez i
vnutrimolekulyarnaya geterotsiklizatsiya nekotorykh tiosemikarbazidov izonikotinovoy kisloty, Zhurnal obshchey khimii]
9:1457-1461. (In Russian).

[14] Matern AL, Charushin V.N., Chupakhin O.N. (2007) Progress in the study of the oxidation of dihydropyridines and
their analogues. Advances in Chemistry [Progress v izuchenii okisleniya digidropiridinov i ikh analogov. Dostizheniya v khimii]
1:27-45. (In Russian).

[15] Coburger C., Wollmann J., Krug M., Baumert C., Seifert M., Molnar J., Lage H., Hilgeroth A. (2010) Novel structure-
activity relationships and selectivity profiling of cage dimeric 1.4-dihydropyridines as multidrug resistance (MDR) modulators.
Bioorganic & Medicinal Chemistry, 14:4983-4990. DOI: 10.1016/j.bmc.2010.06.004. (In Eng).

[16] Kumar R.S., Idhayadhulla A., Abdul Nasser A.J., Selvin J. (2011) Synthesis and anticoagulant activity of a new series
of 1,4-dihydropyridine derivatives. European Journal of Medicinal Chemistry, 2:804-810.
https://doi.org/10.1016/j.ejmech.2010.12.006. (In Eng).

[17] Pattan S.R., Purohit S.S., Rasal V.P., Mallya S., Marihal S.C., Khade A .B., Paschapur M.S. (2008) Synthesis and
pharmacological screening of some 1.,4-dihydropyridine and their derivatives for anticonvulsant activity. Indian Journal of
Chemistry. Secter B, 4:626-629. (In Eng).

[18] Subudhi B.B., Panda P.K., Bhatta D. (2009) Synthesis and antiulcer study of 1.4-dihydropyridines and their Mannich
bases with sulfanilamide. Indian Journal of Chemistry. Secter B, 5:725-728. (In Eng).

[19] Gaveriya H., Desai B., Vora V., Shah A. (2002) Synthesis and antitbercular avtivity studies of some unsymmetrical 1,4-
dihydropyridines. Indian Journal of Pharmaceutical Sciences, 64:59-62. (In Eng).




