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POSITIONAL ISOMERS 

OF THIENOPYRIMIDINONES 

 
T. T. Kucherenko, A. V. Zadorozhny, and V. A. Kovtunenko 

 
Condensation of o-cyanomethylbenzoic acids with esters of 2-aminothiophene-3-carboxylic and 3-amino-
thiophene-2-carboxylic acids to give isomeric 2-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-ylmethyl)-
benzoic acids and their ethyl and phenacyl esters. Methylation of esters occurs at N-3. The 
spectroscopic characteristics of the positional isomers are compared at the level of carboxylic acids, 
their esters, and methylated products. 
 
Keywords: 4-oxopyrimidinones, thienopyrimidinones, thiophenes. 
 

 We have shown previously that derivatives of 4-oxo-2-quinazolinylmethylbenzoic acids are formed by 
the reaction of o-cyanomethylbenzoic acid (1) with anthranilic [1] and N-methylanthranilic acids [2]. In a 
continuation of this work we have used in the condensation with acid 1 any derivatives of vicinal enaminoacids 
– esters of isomeric amino acids of the thiophene series. 
 It was established that boiling a chlorobenzene solution of acid 1 with 2 equivalents of the esters of the 
amino acids 2 or 3 for 10 min gave derivatives of  thienopyrimidinones 4 and 5 in yields of not less than 70% 
(Table 1). 
   The yields of the required products were halved when equivalent amounts of the reagents were used. 
The structures of the products as the derivatives 2-(4-oxo-3,4-dihydrothieno[2,3-d]- and –[3,2-d]pyrimidin-
2-ylmethyl)benzoic acids of the series 4 and 5 respectively were assigned on the basis of previous experiments 
on the condensation of acid 1 with vicinal enamine acids and spectroscopic data for the compounds synthesized. 
For this purpose  comparisons with previously synthesized quinazolinones 10a-c are given in Tables 2 and 3. 
 Compounds of the 4-oxo-3,4-dihydrothieno[2,3-d]series were synthesized more than 35 years ago [3]. It 
was established that 2-benzyl-substituted compounds of this system exhibit analgesic and anti-inflammatory 
properties [4]. However isomeric structures of type 5 have not been investigated until now. 
 2-(4-Oxo-3,4-dihydrothieno[2,3-d]- and –[3,2-d]pyrimidin-2-ylmethyl)benzoic acids of the 4 and 5 
series have amphoteric properties similar to normal amino acids: they dissolve in 2 N alkaline solution and 
selectively  in 2N HCl ( derivatives of the [2,3-d] series dissolve considerably better). In this connection 
esterification of these amino acids is possible only by reaction of compounds with ethyl bromide (in DMSO) or 
with phenacyl bromide (in acetonitrile) in the presence of triethylamine [5]. 
 No difference in chemical behavior of the positional isomers was noted. By alkylation at atom N-3 by 
standard methods [6] we obtained esters 8 and 9 of N-methylated  2-(4-oxo-3, 4-dihydrothieneo[2,3-d]- and –
[3,2-d]pyrimidin-2-ylmethyl)benzoic acids. 
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Table 1. Characteristics of the Compounds Synthesized. 
 

Found, % —————— 
Calculated, % 

Com- 
pound 

Empirical 
formula 

С H N S 
mp, °C* Yield, % 

 
4a 

 
C16H14N2O3S 

 
61.21 
61.13 

 
4.38 
4.49 

 
8.76 
8.91 

 
10.12 
10.20 

 
338 

 
73 

4b C17H14N2O3S 62.82 
62.56 

4.22 
4.32 

8.33 
8.58 

9.75 
9.83 

333 85 

4c C18H16N2O3S 63.60 
63.51 

4.61 
4.74 

8.13 
8.23 

9.33 
9.42 

350 88 

4d C20H14N2O3S 66.02 
66.29 

3.91 
3.89 

7.55 
7.73 

8.95 
8.85 

290 90 

5a C14H10N2O3S 58.93 
58.73 

3.63 
3.52 

9.52 
9.78 

11.08 
11.20 

265 70 

5b C20H13ClN2O3S 60.82 
60.53 

3.42 
3.30 

6.92 
7.06 

8.14 
8.08 

290*2 92 

5c C20H13FN2O3S 63.12 
63.15 

3.30 
3.44 

7.13 
7.36 

8.24 
8.43 

305*2 90 

6a C18H18N2O3S 63.41 
63.14 

5.41 
5.30 

8.35 
8.18 

9.55 
9.36 

210 80 

6b C24H20N2O4S 66.78 
66.65 

4.46 
4.66 

6.23 
6.48 

7.55 
7.41 

240 92 

6c C19H18N2O3S 64.62 
64.39 

5.01 
5.12 

7.76 
7.90 

9.20 
9.05 

240 84 

6d C25H20N2O4S 67.88 
67.55 

4.46 
4.53 

6.15 
6.30 

7.23 
7.21 

245 88 

6e C20H20N2O3S 65.62 
65.20 

5.36 
5.47 

7.58 
7.60 

8.84 
8.70 

242 82 

6f C26H22N2O4S 68.56 
68.10 

4.96 
4.84 

6.03 
6.11 

6.87 
6.99 

245 90 

7a C16H14N2O3S 61.79 
61.13 

4.63 
4.49 

9.04 
8.91 

10.45 
10.20 

130 80 

7b C22H16N2O4S 65.92 
65.33 

4.08 
3.99 

6.82 
6.93 

8.04 
7.93 

200*2 90 

8 С19Н20N2O3S 63.91 
64.02 

5.57 
5.66 

7.78 
7.86 

9.14 
9.00 

160 83 

9 C17H16N2O3S 61.52 
62.18 

4.86 
4.91 

8.68 
8.53 

9.92 
9.76 

120 80 
  
_______ 
* Solvent: DMF (compounds 4a-d, 6c, 8), HOAc (compounds 5a, 7a, 9), 
DMSO (compounds 6a,b) 
*2 Conversion temperature. 

 
 Comparison of the 1H NMR spectra of the acids with structures 4 and 5 (Table 2) showed that the 
hydrogen-containing groups of the o-carboxybenzyl substituent are practically unaffected by the change in 
position of the sulfur atom in the bicyclic system. The resonances of the 1′-CH2 group, and the protons in 
positions 3′,4′,5′, and 6′ are observed at standard resonances with minimal shift of 0.03 ppm in either direction. 
The same may be observe on comparing the 1H NMR spectra of the esters 6a-f and 7a,b and the N-methylated 
compounds 8 and 9.  
 In the IR spectra of the acids 4 and 5 (Table 3) in the 3200-2500 cm-1 region there are broad absorption 
bands, frequently with several maxima. These bands arise, at least frequently, as a result of absorption of 
dimmers of the acids and are assigned to bond vibrations of the O-H bond. From the massive vibration in this 
region one can isolate the 2700-2500 cm-1, assigned to bonding vibrations of the hydroxyl OH. Examination of 
the intermolecular association assists in resolving the intermolecular solution. The extremely low frequency of 
the valence vibration of the carbonyl group (or the COOH group) is a direct reflection of this effect. The band of 
the carbonyl absorption of the carboxyl group is superimposed on valence vibration of the carbonyl group of the 
pyrimidin-4-one unit, the latter being also an active participant in association. 
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Table 3. IR and Mass Spectra 
 

IR spectrum, ν, cm–1 Com- 
pound C−O С−C−O C=N 

C=O 
(pyrim) 

C=O 
(carb) 

C=O 
(phenacyl) 

Mass-spectrum, 
m/z [M+ + 1] 
(I 100%)* 

 
4a 

 
1274 

 
— 

 
1594 

 
1665 

 
— 

 
315/314 

4b 1274 — 1594 1664 — 327/326 
4c 1271 — 1592 1671 —  
4d  — 1592 1664 1712 —  
5a 1268 — 1599 1664 1705 — 287/286 
5b  — 1598 1687 —  
5c 1270 — 1597 1683 —  
10а 1250 — 1600 1670 1710   
6a 1263 1081 1595 1653 1711 — 343/342 
6b  1090 1593 1667 1692*2 1723  
6c 1260 1081 1592 1664 1710 — 355/354 
6d 1267 1092 1595 1671 1699 1723  
6e 1257 1070 1590 1671 1721 — 369/368 
6f 1269 1093 1594 1670 1695 1712  
7a 1268 1079 1600 1666 1708 − 315/314 
7b 1278 1095 1595 1654 1692 1724  
10b 1260 1078 1608 1670 1710 —  
8 1258 1080 1551 1676 1704 —  
9 1270 1081 1564 1668 1705 —  
10c 1265 1085 1595 1670 1700 —  

  
_______ 
* Most intense peak in the spectrum. 
*2 Inflection 

 
 The carbonyl absorption of the pyrimidin-4-one unit as a participant in more complex structural 
combination was investigated in the classical work of Brown [7] and is well tabulated [8]. In the same way in the 
carboxylic acids 4d and 5a the shift of the νC=O band (from COOH, close to 1710 cm-1) is not large. The 
carbonyl absorption of the pyrimidin-4-one unit remains close to 1670 cm-1. We attribute the former difference 
to the influence of the phenacyl group at C-5 on the effectiveness of the hydrogen bond with participation of the 
carbonyl at C-4, and the latter to the electronic effect on this centre of the heteroatom in the neighboring 
position. On moving to the esters with structures 6-9 the picture in the carbonyl absorption region is simplified. 
In all cases individual bands for νC=O (from COOR) and νC=O (from the pyrimidin-4-one unit) are observed, and 
in the case of a phenacyl substituent, νC=O from the ketone carbonyl. Despite the remarkably low value of νC=O, 
especially for the esters with structures 6-9, these data agree with the recorded νC=O frequencies for quinazolone-
4s [9]. Intense “alcoholic” bands of the O-C-C unit close to 1070-1080 cm-1 and “acidic” (the unit C-(C=O)-O 
close to 1260 cm-1 were observed for all the ethyl esters. 
 The electronic spectra of the carboxylic acids of the series 4 and 5 differ from that of acid 10a not only 
in the number of absorption bands, but also in the distribution of their intensities in their limits (Fig. 1), 
 While for acid 10a three sharp bands of different intensity and two minima are observed in the region 
analyzed, the contours for acids 4 and 5 are more complex and the maxima and minima described cannot be 
contrasted. The principal reason from the point of view of analysis of the different positional isomers is the 
bathochromic shift of  ≈20 nm of the absorptions in the derivatives of the [2,3-d] series in comparison with their 
positions for the [3,2-d] positional isomers, and ≈ 15 nm for the quinazolone-4 (10a). The spectra of the esters 
with structure 6 and 7 differ little from the corresponding acids 4 and 5 Alkylation at atom N-3 (esters 8 and 9) 
also does not change the electron density distribution in the esters 6 and 7 which is reflected in the similarity of 
their UV spectra. 
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nm 

Fig. 1. UV spectra of carboxylic acids λ, nm (logε): 1 – acid 10a: 261 (4.19), 268*, 
300 (3.69), 308 (3.62). 2 – acid 4a: 2.37 (4.59), 247*, 275 (4.20), 302 (4.31), 

314 (4.36), 327*. 3 – acid 5a: 234 (4.71), 285 (4.30), 296 (4.31), 305*. 
_______ 
* Inflexion. 
 
 
EXPERIMENTAL 
 
 IR spectra of CsI and KBr tablets were recorded on Pye-Unicam SP3-300 and Nicolett Nexus 
spectrometers. 1H NMR spectra of DMSO-d6 solutions with TMS as internal standard were recorded on a Varian 
Mercury 400 (400 MHz). UV spectra of 5·10-5 M methanol solutions were recorded on a Specord M-40 
spectrophotometer. Mass spectra were recorded on an Agilent 1100 series machine with an Agilent LC/MSD SL 
selective detector, the samples were injected in a trifluoroacetic acid matrix, EI ionization, [M+ +1] molecular 
ion peak. Melting points of the compounds synthesized were measured in a Pyrex capillary in a Tyl apparatus 
and were corrected. 
 2-Cyanomethylbenzoic acid (1) was prepared by a known method [10]. 
 Compounds 3b and 3c were obtained from Aldrich, and compounds 2a-d were obtained by a known 
method [12]. 
 Methyl 3-amino-2-thiophenecarboxylate (3a), mp 65°C, was obtained by method [11]. 
 2-(4-Oxo-3,4-dihydrothieno[2,3-d]-pyrimidin-2-ylmethyl)benzoic Acids 4a-d and 2-(4-Oxo-3,4-
dihydrothieno[3,2-d]-pyrimidin-2-ylmethyl)benzoic Acids 5a-c (General Method). A mixture of 2-cyano-
methylbenzoic acid (1) (10 mmol) and the corresponding amino ester 2 or 3 (20 mmol) in chlorobenzene (5 ml) 
was boiled with stirring for 10 min, the solvent was removed in vacuum, 1,4-dioxane (40 ml) was added to the 
residue and the mixture was refluxed for 2h. The residue was filtered off and washed with diethyl ether. 
 Ethyl Esters 6a,c,e, and 7a (General Method). The corresponding thienopyrimidine 4a,c,e or 5a 
(1 mmol) was dissolved in boiling DMSO, the solution was cooled and added dropwise with stirring to 
triethylamine (0.1 ml, 1.5 mmol) and ethyl iodide (0.15 ml (1.5 mmol). The mixture was kept for 1 day, diluted 
with water, the precipitate which formed was filtered off and washed in turn with saturated sodium hydrogen 
carbonate solution, water, and diethyl ether. 
 Phenacyl Esters 6b,d,f, 7b (General Method). Triethylamine (0.2 ml, 3 mmol) was added to a 
suspension of the corresponding acid 4a-c or 5a (3 mmol) in acetonitrile (5 ml) and phenacyl bromide (3 mmol) 
in acetonitrile (2 ml) was added with stirring. After standing for a day, the solution was diluted with water, the 
precipitate which formed was filtered off and washed in turn with a saturated solution of sodium hydrogen 
carbonate, water, and diethyl ether. 
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 3,5,6-Trimethyl-4-oxo-2-(2-ethoxycarbonylbenzyl)-3,4-dihydrothieno[2,3-d]pyrimidine (8) and 
3-methyl-4-oxo-2-(2-ethoxycarbonylbenzyl)-3,4-dihydrothieno[3,2-d]pyrimidine (9) (General Method). 
The corresponding ethyl ester (1 mmol) was dissolved in boiling DMSO. To the cooled solution were added 
freshly prepared potash solution (0.14 g, 1 mmol) and methyl iodide (0.08 ml, 1 mmol). The mixture was left for 
one day, diluted with water, the precipitate was filtered off  and washed with water. 
 
 
REFERENCES 
 
  1. V. A. Kovtunenko, T. T. Kucherenko, O. V. Shishkin, and V. M. Kisel. Khim. Geterotsikl. Soed., 1408 

(2002). [Chem. Heterocycl. Comp., 38, 1242 (2002)]. 
  2. V. A. Kovtunenko, T. T. Kucherenko, R. I. Zubatyuk, O. V. Shishkin, and D. A. Yushchenko. Khim. 

Geterotsikl. Soed., 1532 (2007). [Chem. Heterocycl. Comp., 43, 1301 (2007)]. 
  3. W. Reid and R. Giesse. Liebigs Ann. Chem., 713, 143 (1968). 
  4. M. Perrissin, M. Favre, C. L. Duc, F. Huguet, C. Gaulthier, and G. Narcisse. Eur. J. Med. Chem. Chim. 

Ther., 23, 453 (1988). 
  5. V. A. Kovtunenko, Z. V. Voitenko, V. L. Sheptun, A. K Tyltin, A. I. Chernega, Yu. T. Struchkov, and 

F. S. Babichev. Khim. Geterotsikl. Soed., 1497 (1984). [Chem. Heterocycl. Comp., 20, 1235 (1984)]. 
  6. J. S. Aggarwal, R. S. Das, and J. N. N. Ray. J. Indian Chem. Soc.,6, 717 (1929). Chem. Abstr., 24, 1113 

(1930). 
  7. D. J. Brown, E, Hoerger, and S. F. Mason. J. Chem. Soc., 211 (1955). 
  8. H. Culbertson, J. C. Decius, and B. E. Christensen. J. Amer. Chem. Soc., 74, 4834 (1952). 
  9. L. Bellamy. New Data on the Infrared Spectra of Complex Molecules [Russian translation]. Mir, 

Moscow (1971), p.175. 
10. C. C. Price and R. G. Rogers in Synthesis of Organic Preparations [Russian translation]. Izd-vo inostr. 

lit., Moscow (1952), Vol. 3, 267. 
11. Farbwerke Hoechst. Akt. Ges, Brit. Pat. 837 086 (1960); Chem. Abstr., 54, 24798 (1960). 
12. K. Gewald, E. Schinke, and H. Böttcher, Chem. Ber., 99, 94 (1966). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
758 


	Chemistry of Heterocyclic Compounds, Vol. 44, No. 6, 2008
	T. T. Kucherenko, A. V. Zadorozhny, and V. A. Kovtunenko



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


