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Abstract. The influence of temperature, reaction time, and type of the catalyst
on the yield of the 2,3,5-trimethylpyridine (collidine) from 3-amino-2-methyl-
propenal and methylethylketone was investigated. 3-Amino-2-methylpropenal
was synthesized from 3-ethoxy-2-methylacrolein previously synthesized from
methylmalondialdehyde tetraethyl acetal, obtained from triethyl orthoformate
and propenyl ether. The optimal conditions for the investigated synthesis were
temperature of 150 °C, reaction time 24 h, and the CH;COOH/pTsOH catalyst.
This synthesis is the first successful attempt to synthesize 2,3,5-trimethylpyri-
dine in an acid medium.

Keywords: cyclic condensation; GC-MS; side reactions.

INTRODUCTION

The importance of 2,3,5-trimethylpyridine (collidine) is reflected in the fact
that it is the starting compound for the synthesis of esomeprazole which is used
to treat symptoms of gastroesophageal reflux disease (GERD, Fig. 1).!

The production of 2,3,5-trimethylpyridine can be achieved either from nat-
ural products or synthesis. 2,3,5-Trimethylpyridine was isolated at the beginning
of the 20th century from the tar of the stone coal,2-3 and then from shales# by the
fraction distillation at 186—190 °C with the yield of 7 %.

According to the literature, there are few published works on the synthesis of
2,3,5-trimethylpyridine. They can be divided into two groups: 1) the synthesis in
the gaseous phase and 2) the synthesis in the liquid phase (solution).
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Fig. 1. Structure of esomeprazole.

The synthesis of 2,3,5-trimethylpyridine in the gaseous phase

The synthesis belongs to the condensation reactions of aldehydes and ammo-
nia and can be delivered in homogenous or heterogeneous media.

Homogenous synthesis> occurs under high pressure and high temperature
with the propionaldehyde, paraformaldehyde, and concentrated ammonia in an
autoclave, followed by fraction distillation in a vacuum with the yield up to 14 %.

The heterogeneous synthesis produces 2,3,5-trimethylpyridine from methyl-
ethyl acrolein, ethanol, ammonia, and the catalyst (SiO,, Al,O3) at elevated tem-
perature and pressure for a longer time with the yield of up to 28.5 %.6

The synthesis of 2,3,5-trimethylpyridine in the liquid phase (solution)

The characteristic of reactions in the solution is that all of them happened in
numerous stages, so the overall yield is modest.

Some of the most representative examples are synthesis via 3-carbetoxy-2,5-
-dimethyl-6-hydroxypyridine (the overall yield 8 %),” cyclic condensation via
3-carbetoxy-2,5-dimethylpyridine (the overall yield 22 %).8

Direct synthesis of collidine from mono-substituted acetylenes and nitriles in
the presence of cobaltocene was achieved (yield in this step 45%), and the com-
position of the reaction mixture was estimated using gas—liquid chromatography
(GLC).® Srinivas et al. reported a synthesis of 2,3,5-trimethylpyridine from
2-butanone, formaldehyde, ammonia and zeolite 5% PbZSM-5 (Si/Al = 15) as a
shape selective catalyst with a yield of 43 %.10 Substituted pyridines syntheses
were reported from allylamines and alkynes via Cu(Il) promoted oxidation and
C-H bond activation by Rh (III).!! Good yield of substituted pyridines was
achieved in the reaction of Rh (IlI)-catalysed decarboxylative coupling of o,/
-unsaturated carboxylic acid and a,S-unsaturated O-pivaloyl oximes.!12

Given the low yields or complex conditions for the synthesis and the imp-
ortance of 2,3,5-trimethyl pyridine, optimization of the reaction conditions for its
synthesis from 3-amino-2-methylpropenal and methylethylketone was set for the
purpose of this study.
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SYNTHESIS OF 2,3,5-TRIMETHYLPYRIDINE 1 1 1 9

EXPERIMENTAL
Synthesis of methylmalondialdehyde tetraethyl acetate (1)

In Kolbe’s flask with three necks, 13 mL boron trifluoride at 30 °C was added in drops
for 1 h to the mixture of triethyl orthoformate and propenyl ether (4 kg, 16.73 mol) in the inert
atmosphere in a stream of nitrogen. Then the reaction mixture was stirred for an additional 6 h
at 3040 °C and left overnight. Sodium carbonate (100 g, 0.94 mol) was added to the reaction
mixture and stirred for 1 h at room temperature. After that, the mixture was filtered through a
sintered glass filter, and the filtrate was distilled in a vacuum.!3 The first fraction (56—110
°C)/30 mmHg was triethyl orthoformate (around 5 kg), which can be used again, and the sec-
ond was methylmalondialdehyde tetraethyl acetyl as the main product (Scheme 1, 1) at 118—
—122 °C/30 mmHg (3.93 kg (83 %), np2® = 1.4130, where np2 is a refractive index at 20 °C
and a dimensionless number.
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Scheme 1. The synthesis of compounds 1-5.

Synthesis of 3-ethoxy-2-methylacrolein (2)

Methyl malondialdehyde tetraethyl acetal (2.34 kg, 9.99 mol), p-toluenesulfonic acid
(5.4 g, 0.03 mol), and 180 mL water were mixed at 80 °C until the disappearance of the aque-
ous phase. Afterward, the reaction mixture was left for 2 h at 80 °C, then to cool down, and
finally, with stirring, sodium bicarbonate was added (50 g, 0.6 mol) for 2 h at room tempe-
rature. The reaction mixture was filtered, the solid residue was washed with ethanol, and the
filtrate and the ethanolic extract were distilled in a vacuum.!3 The first fraction (~115 g) at
34-78 °C/14 mm Hg was ethanol (np' = 1.3788), the second (1.050 kg, 92 %) at 78-81 °C/14
mm Hg was 3-ethoxy-2-methylacrolein (Scheme 1, 2), n422 = 1.4738, the maximum absorp-
tion in UV (ultraviolet) spectrum is at 242 nm.

Synthesis of 3-amino-2-methylacrolein (3)

3-Ethoxy-2-methylacrolein (114 g, 1 mol) and 750 mL conc. solution of ammonia (25
%) was emulsified at —10 °C with mixing and cooling using a mixture of ice and sodium chlo-
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ride for 6 h. After that, the temperature was allowed to reach 25 °C with constant stirring. The
yellow solution was evaporated, using a rotary vacuum evaporator, to dryness and the remain-
ing raw yellow solid was recrystallized from ethanol (100 mL) with the addition of 200-300
mL carbon tetrachloride. The obtained product was filtered and washed with petroleum ether
at 30-50 °C and dried in a vacuum desiccator (p = 1.33 kPa) under the influence of phos-
phorus pentoxide at room temperature.!4 The yield of 3-amino-2-methylacrolein (Scheme 1,
3)is 0.9 mol (103 g), 90 %, m.p., 113-114 °C, IR.13

The total yield of the synthesis of 3-amino-2-methylacrolein was 68 %.

Synthesis of 2,3,5-trimethylpyridine (5)

The reaction mixture consisted of 3-amino-2-methylacrolein (2.3 g, 0.025 mol), methyl-
ethylketone (2.5 g, 0.03 mol), glacial acetic acid (4.4 g, 0.075 mol), p-toluenesulfonic acid
(0.02 g, 0.09 mmol), was refluxed for 24 h at 150 °C under the inert atmosphere of nitrogen,
and then distilled in vacuum (p = 40 kPa). The fraction after 105 °C, yellow oily liquid, in
quantity 1.60 g (49 %) represented the raw product, i.e., the mixture of pyridine derivatives.
There is 48 % 2,3,5-trimethylpyridine in the mixture separated and identified from the rest of
the components by GC-MS, so the total yield of 2,3,5-trimethylpyridine (Scheme 1, 5) is
nearly 24 %, b.p., 187 °C, d4*5 = 0.9310, n4?> = 1.5057.

Analysis of the products of the reaction

After distillation in a vacuum, the analysis of the reaction mixture was performed using
GC-MS.

Gas chromatography

Instrument: gas chromatograph HP 5890 series II Hewlett Packard; integrator: HP 3396A
Hewlett Packard; detector: FID (flame ionization); column: length 2.0 m, Chromosorb: W-HP
80/100; liquid phase: FFAP 10 %, gaseous phase: nitrogen (80 kPa); temperature: 120-220 °C
(5 °C min'!); sample: 0.2 pL.

Mass spectrometer was operated in electron-impact (EI) mode. The scan range was 33—
—651 amu (atomic mass unit), and the ionization energy was 70 eV.

MS spectra of the compounds, with a content higher than 1% in the mixture, are avail-
able as the Supplementary material to this paper (Figs. S-1-S-10).

RESULTS AND DISCUSSION

Numerous experiments of the synthesis of 2,3,5-trimethylpyridine from 3-
-amino-2-methylpropenal and methylethylketone were carried out to optimize the
reaction conditions: temperature, reaction time and type of the catalyst. The
results are presented in Table I.

TABLE I. Reaction conditions used

Yield of the 2,3,5-trimethylpyridine

. o .
Serial No.  Temperature, °C  Reaction time, h in the mixture, %

1 200 12 10
2 230 12 14
3 150 20 39
4 150 24 42.6
5 150 24 48
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SYNTHESIS OF 2,3,5-TRIMETHYLPYRIDINE 1 121

The synthesis was investigated under the influence of different catalysts: glac-
ial CH3COOH, resin Lewiatit-80, CH3COOH/CgH5NO,, CH3COOH/CH3COONH4
and in the inert atmosphere in a stream of nitrogen. The best yields were
achieved with acetic acid and pTsOH, so other parameters were varied only with
this catalyst.

According to the obtained results, the following conditions were optimal:
temperature 150 °C, reaction time 24 h, and the catalyst CH3COOH/pTsOH.

Analysis of the products of the reactions was performed using GC-MS
(Table II) because the separation of the products was not possible either with
fraction distillation or thin-layer chromatography. The identification of the com-
ponents of the reaction mixture was performed based on their mass spectra, avail-
able as Supplementary material (Figs. S-1-S-10).

TABLE II. Components from the reaction mixture with a percentage of more than 1 %; com-
ponent area contribution, % = 100xArea of the component/Total area of all components

Component area contribution, % #z / min Compound

1.9 1.354 Lutidine (2,3-dimethylpyridine)

6.3 4.756 3,7-Dimethyl-1,5-diazocine

43.5 6.876 Collidine

2.3 2.321 2-Ethyl-5-methylpyridine

6.8 7.10 Lutidine (3,5-dimethylpyridine)

15.5 7.51 3,5-Dimethylpyridine-2-carbonitrile

1.3 7.948 (5-Methylpyridin-2-yl)acetonitrile
14.88 8.45 (2E)-3-{(2)-[(22)-3-{(2)-[(2E)-3-Amino-2-

-methylprop-2-en-1-ylidene]amino} -2-methyl-
prop-2-en-1-ylidene]amino } -2-methylprop-2-enal
2 8.925 Polycondensate
1 9.228 3-Methylfuro[3,4-b]pyridine-5,7-dione

Peak with the retention time g = 6.88 min represents the main product
(43.47 %), and it is 2,3,5-trimethylpyridine.

Other peaks of the components in the reaction mixture with more than 1 %
represent the side products.

Mechanism of the reaction

The reaction of the cyclic condensation is analogous to the addition in
weakly acidic media of carbonyl compounds with HoN-R derivatives. In case of
this condensation, R-NHj, as a nucleophile can attack the carbonyl compound’s
conjugated acid, which is in acid media in the form of the enol more stable due to
the conjugation effect (Scheme 2).

CONCLUSION

2,3,5-Trimethyl pyridine was synthesized using cyclic condensation under
the influence of the acid catalyst in one phase from 3-amino-2-methylpropenal and
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Scheme 2. Proposed mechanism of the reaction.

2-butanone. In this synthesis, 2,3,5-trimethyl pyridine was the main component
in the mixture with some other pyridine derivatives. The advantage of this
method is that it occurs in one phase with approximately the same yield to those
of most published syntheses.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11174, or from the corres-
ponding author on request.
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H3BOJ
OIITUMHU3AIIMJA PEAKIITMOHUX YCIIOBA CUHTESE 2,3,5-TPUMETUWIITUPUIWHA U3
3-AMHUHO-2-METHUJITIPOITEHAJIA U METUJIETUJIKETOHA

JOBHLIA YPOIIEBHR', MUPOCJIAB MUTHR', BUJbAHA APCUR” u TOPIAHA CTOJAHOBHR®

Xemujcko-mexnonowna wxona ,Bowugap Bophesuh Kyxap®, Bnajkosa 94, 16000 Jleckosay, u
ZYHueep3umeu7 y Huwy, ITpupogrno—maittiemamuuxyu paxynite, JJedapiuman 3a xemujy,
Buuweipagexa 33, 18000 Huw

[TpoyuaBaH je yTuuaj Temneparype, BpEMeHa peaklidje U THMa KaTaJau3aTopa Ha IPUHOC
2,3,5-TpuMeTWINUPUIUHA (KOTHUAWHA) U3 3-aMUHO-2-MeTUINPOIeHala U MeTHUIeTHIKeTOHa.
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SYNTHESIS OF 2,3,5-TRIMETHYLPYRIDINE 1 123

3-AMMHO-2-METHINPOTIeHAN je CHHTETHCAH U3 3-eTOKCH-2-MeTHWIaKpOJIernHa MPeTXONHO CHH-
TETUCAHOT U3 METWIMAaJIIOHIHAIIeXU-TeTpaeTu-alerana, Koju je 1odHjeH U3 TPHeTHI-0pTo-
¢opmaTa 1 nponenun-erpa. Hahenu onTuMainHu yCI0BY 3a CUHTE3Y Cy OMIM TeMIleparypa of
150 °C, Bpeme peaxuuje 24 h, u xaramusatop CH3COOH/pTsOH. OBa cHHTe3a je NIpBU
YCIEIIHY NOKYIIaj CuHTe3e 2,3,5-TPUMETWIUPULNHA Yy KHCENI0j CPENUHH.

(ITpumibeHo 18. centemdpa 2021, peBunupano 26. anpuia, npuxsaheno 10. maja 2022)

REFERENCES

1. J. C. Sih (Upjohn Co.), US4575554 (1986)
2. A. Eckert, S. Loria, Monatsh. Chem. 38 (1917) 225
(https://doi.org/10.1007/BF01524213)
3. M. P. Oparina, Ber. Dtsch. Chem. Ges., B 64 (1931) 562
(https://doi.org/10.1002/cber.19310640311)
4. T. Eguchi, Bull. Chem. Soc. Jpn. 3 (1928) 235 (https://doi.org/10.1246/bcs].3.235)
J. Herzenberg, G. Boccato, Chim. Ind. (Paris) 80 (1958) 248
6. K. Tsuda, N. Ikekawa, H. Mishima, A. Iino, T. Morishige, Pharm. Bull. 1 (1953) 122
(https://doi.org/10.1248/cpb1953.1.122)
7. G. Errera, Ber. Dtsch. Chem. Ges. 34 (1901) 3691
(https://doi.org/10.1002/cber.19010340367)
8. E. Breitmaier, S. Gassenmann, Chem. Ber. 104 (1971) 665
(https://doi.org/10.1002/cber.19711040234)
9. Y. Wakatsuki, H. Yamazaki, Synthesis 1976 (1976) 26 (https://doi.org/10.1055/s-1976-23943)
10. N. Srinivas, V. Radha Rani, S. J. Kulkarni, K. V. Raghavan, J. Catal. 208 (2002)332
(https://doi.org/10.1006/jcat.2002.3538)
11. D.-S.Kim,J.-W. Park, C.-H. Jun, Chem. Commun. 48 (2012) 11334
(https://doi.org/10.1039/C2CC36699A)
12. J. M. Neely, T. Rovis, J. Am. Chem. Soc. 136 (2014) 2735 (https://doi.org/10.1021/ja412444d)
13. V. T. Klimko, T.V. Protopopova, N.V. Smirnova, A.P. Skoldinov, Zh. Obshch. Khim. 32
(1962) 2961
14. V. T. Klimko, T.V. Protopopova, A. P. Skoldinov, SU136351A1 (1960)
15. J. Vymetal, Z. Hejda, Collect. Czech. Chem. Commun. 43 (1978) 3024
(https://doi.org/10.1135/cccc19783024).

hd

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



@Article{Urosevic2022,

  author    = {Uro{\v{s}}evi{\'{c}}, Jovica and Miti{\'{c}}, Miroslav and Arsi{\'{c}}, Biljana and Stojanovi{\'{c}}, Gordana},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {{Optimization of the reaction conditions for the synthesis of 2,3,5-trimethylpyridine from 3-amino-2-methylpropenal and methylethylketone}},

  year      = {2022},

  issn      = {1820-7421},

  month     = {may},

  number    = {10},

  pages     = {1117--1123},

  volume    = {87},

  abstract  = {The influence of temperature, reaction time, and type of the catalyst on the yield of the 2,3,5-trimethylpyridine (collidine) from 3-ami­no-2-methyl­propenal and methylethylketone was investigated. 3-Amino-2-methylpropenal was synthesized from 3-ethoxy-2-methylacrolein previously synthesized from me­thylmalondialdehyde tetraethyl acetal, obtained from triethyl orthoformate and propenyl ether. The optimal conditions for the investigated synthesis were tempe­ra­ture of 150 °C, reaction time 24 h, and the CH3COOH/pTsOH catalyst. This synthesis is the first successful attempt to synthesize 2,3,5-trimethyl­pyri­dine in an acid medium.},

  doi       = {10.2298/JSC210918042U},

  file      = {:D\:/OneDrive/Mendeley Desktop/Uro{v{s}}evi{'{c}} et al. - 2022 - Optimization of the reaction conditions for the synthesis of 2,3,5-trimethylpyridine from 3-amino-2-methylprope.pdf:pdf;:02_11174_5582.pdf:PDF},

  keywords  = {GC, MS, side reactions},

  publisher = {Serbian Chemical Society},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/11174},

}





