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SYNTHESIS OF 3-S-HETARYL-SUBSTITUTED PYRIDIN-
2(1H)-ONES AND 5,6-DIHYDROPYRIDIN-2(1H)-ONES*

A. S. Fisyukl**, Y.P. Bogzal, N. V. Poendaev', and D. S. Goncharov'

A method has been developed for the synthesis of 3-S-hetaryl-substituted pyridin-2(1H)-ones and
5,6-dihydropyridin-2(1H)-ones based on the base catalyzed cyclization of N-(3-oxoalkyl)- and N-(3-
oxoalkenyl)amides which contain a divalent sulfur atom in an a-position to a carbamoyl group and
bound to the heterocycle.

Keywords: 5,6-dihydropyridin-2(1H)-ones, N-(3-oxoalkenyl)amides, N-(3-oxoalkyl)amides, pyridin-2(1H)-
ones, intramolecular cyclization.

We have previously reported that N-(3-oxoalkenyl)- and N-(3-oxoalkyl)amides containing a mobile
hydrogen atom in an a-position to the carbamoyl group can undergo an aldol type intramolecular ring closure to
give pyridin-2(1H)-ones [1] or their hydrogenated derivatives [2]. In order to increase the acidity, various
acceptors including a pyridine ring [3, 4], triphenylphosphonium group [5, 6], halogen atom [7], and a tosyl [8]
or aryl [9] substituent were introduced to the a-carbamoyl position. It is possible to introduce a divalent sulfur
atom in order to stabilize the carbanion and so increase the acidity at the a-carbamoyl position. In our case, this
can be achieved by the nucleophilic substitution of the halogen in N-(3-oxoalkenyl)- and N-(3-oxoalkyl)-
chloroacetamides by a thio group. At the same time the use of thiophenol and thiols in the synthesis is not
without the drawback of an unpleasant odor. The introduction of a divalent sulfur atom in the molecule is
possible by the S-alkylation of cyclic thioamides, thiocarbamates, or thiourea. The compounds are generally
crystalline and do not have an objectionable odor. We have previously reported such a possible route [10].

With the aim of studying the cyclization of N-(3-oxoalkenyl)- and N-(3-oxoalkyl)amides containing a
divalent sulfur atom in an o-carbamoyl position we have prepared the compounds 4a, 5a-e by treating the
chloroacetamides 1, 2 (synthesized by known methods [1, 9]) with the thio derivatives 3a-e. The reactions were
carried out in DMF at room temperature in the presence of potassium carbonate and potassium iodide. The
completion of the reaction was monitored by TLC. The yields of compounds 4a and 5a-e were 54-88% (Table 1).

It was found that cyclization of compounds 5a,d occurs even at room temperature over 2-3 h with the
action of sodium ethylate in ethanol to give the 5,6-dihydropyridin-2(1H)-ones 7a,d in 80-90% yield.
Cyclization of compounds 5h,c,e occurs more slowly and it is necessary to carry out the reaction with heating.
The yield of compounds 7b,c,e is 57-73% (Table 1). It should be noted that cyclization of compound 4a occurs
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under analogous conditions to yield a hard to separate mixture of products, evidently as a result of the
alcoholysis of the starting compound. The pyridin-2(1H)-one 6a was prepared in 88% yield by carrying out the
reaction in anhydrous THF with the use of potassium fert-butylate as base.
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The IR spectra of compounds 6a and 7a-e show the absence of absorption bands for the carbonyl group.
The 'H and *C NMR spectra confirm the structures of compounds 6a and 7a-e (Tables 2 and 3).

TABLE 1. Characteristics and Conditions for Preparing Compounds 4-7

.. Found, % . .
Com- Empirical —_— Reaction | Reaction o .
pound formula Calculated, % time, h T,°C mp, °C* | Yield, %
C H N

4a CisH14N>0,S, 54.67 | 4.66 9.07 72 25 142-143 78
5488 | 4.61 9.14

5a CisHisN>O,S 55.62 | 5.56 8.62 30 25 71-72 80
55.87 | 5.63 8.69

5b C13HN>0,8 65.18 | 5.77 6.64 30 25 175-176 88
65.06 | 5.70 6.60

5¢ Ci5H19N30,S 5871 | 6.35 | 13.68 72 25 175-176 54
5899 | 6.27 | 13.76

5d Ci6H21N30,8 60.35 | 6.58 | 13.07 72 25 97-98 64
60.16 | 6.63 | 13.16

Se CioH6N40,S 46.69 | 6.38 | 21.69 30 25 75-76 62
46.86 | 6.29 | 21.86

6a C14H12N,08, 5843 | 4.25 9.62 1 25 > 245 88
5831 | 4.19 9.71

7a CisHi6N>OS, 59.35 | 541 | 9.14 2 25 180-181 79
59.18 | 5.30 9.20

7b CpH2N,08S; 67.82 | 5.34 6.95 3 75-80 244-245 68
67.95 | 545 6.89

Tc CisHi7N;08 62.53 | 5.88 | 14.51 1 75-80 232-233 73
62.69 | 596 | 14.62

7d Ci¢H19N;0S 63.92 | 642 | 13.86 3 25 202-203 90
63.76 | 635 | 13.94

Te CoH14N4,OS 50.54 | 5.81 | 23.34 2 75-80 243-244 57
50.40 | 592 | 23.51

* Solvents: 70% ethanol (compounds 4a, Sa-d), 40:70 mixture of ethyl
acetate and petroleum ether (compound S5e), ethanol (compound 6a) or
50% ethanol (compounds 7a-e).
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Hence we have developed a method for the preparation of pyridin-2(1H)-ones and 5,6-dihydropyridin-
2(1H)-ones which contain a divalent sulfur atom at position C(3) and bound to a heterocycle. It was found that
cyclic thioureas and thiocarbamates can be successfully used to increase the acidity at the a-carbamoyl position.

EXPERIMENTAL

IR spectra were recorded on an Infralum FT-801 spectrometer. 'H and >C NMR spectra were taken on a
Bruker DRX-400 instrument (400 and 100 MHz respectively) with TMS as internal standard. Mass spectra were
obtained on an Agilent 5973N instrument (ionization energy 70 eV, evaporator temperature 230-250°C).
Monitoring of the reaction course and the purity of the compounds obtained was carried out by TLC on Sorbfil
UV-254 plates and revealed using iodine vapor or UV light. Melting points were determined on a Koffler stage.

Compounds 1 and 2 were synthesized by acylation of the corresponding amino ketone [9] and enamino
ketone [1] using monochloroacetic acid chloride. With the exception of the commercially available
mercaptobenzothiazole 3a the starting thiocarbamates and thioureas were prepared by a known method: 3b [11],
3c,d [12], or 3e [13].

N-(1,1-Dimethyl-3-oxobutyl)-2-(hetarylsulfanyl)acetamides 5a-e (General Method). A solution of
the chloroacetamide 2 (0.192 g, 1.0 mmol), the corresponding thiocarbamate or thiourea 3a-e (1.0 mmol),
anhydrous K,CO; (0.138 g, 1.0 mmol), and KI (0.017 g, 0.1 mmol) in absolute DMF (2 ml) was stirred at room
temperature for 30-72 h while the reaction was monitored by TLC. The reaction product was diluted with water
(10 ml), neutralized with 10% HCI solution, and the precipitate was filtered off. The compound was
recrystallized from 70% ethanol. Compound Se was recrystallized from a 40:70 mixture of ethyl acetate and
petroleum ether.

2-(1,3-Benzothiazol-2-ylsulfanyl)-N-(1-methyl-3-oxobut-1-en-1-yl)acetamide (4a) was prepared
similarly to compounds Sa-e.

3-(1,3-Benzothiazol-2-ylsulfanyl)-4,6-dimethylpyridin-2(1H)-one  (6a). Potassium fert-butylate
(0.17 g, 1.5 mmol) was added with stirring and cooling in ice to a solution of the acetamide 4a (0.306 g,
1.0 mmol) in anhydrous THF (5 ml) and stirred for 10-15 min. Cooling was removed and stirring was continued
at room temperature for 1 h (TLC monitoring). Solvent was removed in vacuo and the reaction product was
treated with water, neutralized with a 10% solution of HCI, and the precipitate formed was filtered off. The
compound was recrystallized from ethanol.

3-(Hetarylsulfanyl)-4,6,6,-trimethyl-5,6-dihydropyridin-2(1H)-ones (7a-e) (General Method). A
solution of sodium ethylate was prepared by dissolving sodium (1 mmol) in absolute ethanol (3 ml) and added
dropwise with stirring to a solution of compound 5a-e (1 mmol) in absolute ethanol (3 ml). The reaction product
was stirred for 2-3 h at room temperature (7a,d) or refluxed for 1-3 h (7b,c,e) and then neutralized with 10%
HCI solution. Solvent was evaporated in vacuo and the residue was washed with water (10 ml) and filtered off.
The compound was recrystallized from 50% ethanol.

REFERENCES

1. D. S. Goncharov, A. S. Kostyuchenko, and A. S. Fisyuk, Khim. Geterotsikl. Soedin., 1005 (2009).
[Chem. Heterocycl. Comp., 45, 793 (2009)].

2. A. S. Fisyuk and N. V. Poendaev, in: D. Spinelli and O. A. Attanasi (editors), Targets in Heterocyclic
Systems, Vol. 5, Societa Chimica Italiana (2001), p. 271.

3. A. S. Fisyuk, N. V. Poendaev, and Y. G. Bundel', Mendeleev Commun., 8, 12 (1998).

848



11.
12.
13.

A. S. Fisyuk and N. V. Poendaev, Khim. Geterotsikl. Soedin., 1033 (2003). [Chem. Heterocycl. Comp.,
39, 891 (2003)].

A. S. Fisyuk and N. V. Poendaev, Molecules, 124 (2002).

A. S. Fisyuk, N. V. Poendaev, and Y. G. Bundel, Khim. Geterotsikl. Soedin., 281 (1998). [Chem.
Heterocycl. Comp., 34,258 (1998)].

A. S. Fisyuk and N. V. Poendaev, Molecules, 119 (2002).

A. S. Fisyuk and N. V. Poendaev, Khim. Geterotsikl. Soedin., 1037 (2003). [Chem. Heterocycl. Comp.,
39, 895 (2003)].

A. S. Fisyuk, M. A. Vorontsova, and R. S. Sagitullin, Mendeleev Commun., 3, 249 (1993).

A. S. Fisyuk, N. V. Poendaev, and A. Yu. Mukanov, Third All-Russian Symposium on Organic
Chemistry [in Russian], Yaroslavl (2001), p. 105.

J. Perregaard, 1. Thomsen, and S.-O. Lawesson, Acta Chem. Scand., B29, 599 (1975).

A. V. El'tsov, K. M. Krivozheiko, and M. B. Kolesova, Zh. Org. Khim., 3, 1518 (1967).

Syntheses of Organic Compounds [Russian translation], Vol. 12, Mir, Moscow (1964), p. 145.

849



	Keywords: 5,6-dihydropyridin-2(1H)-ones, N-(3-oxoalkenyl)amides, N-(3-oxoalkyl)amides, pyridin-2(1H)-ones, intramolecular cyclization.
	EXPERIMENTAL
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


