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ABSTRACT 

The IR and NMR spectra were coupled with quantum chemical calculations in DFT approach using 
the hybrid B3LYP exchange-correlation functional to confirm the structure of 2-methoxycarbonyl-7-
methyl-1,3-thiazino[3,2-b][1,2,4]triazine-4,8-dione 2d. 
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INTRODUCTION
1

 Thiazol derivatives have been known for 
more than seven decades [1]. These 
compounds are effective not only in 
preventing, but also curing, established 
arthritic disorders in rats [2]. These classes 
of compounds can be used for controlling 
Alzheimer by inhibiting the acetyl 
cholinesterase, which promotes memory 
function and delays the cognitive decline 
without altering the underlying pathology 
[3-5]. For these facts, we decided to study 
molecular and electronic structures of 
compound 2d as a special compound.  
 
COMPUTATIONAL DETAILS 
 Theoretical density functional theory (DFT) 
calculations were applied for 2d. The 
geometrical structure of the synthesized 
compound was optimized and its NMR and 
vibrational spectra were calculated by using 
the density functional theory with the hybrid 
B3LYP exchange-correlation functional [6-
7] with 6-31+G (d,p) basis sets [8-9]. The 
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polarization functions have been added for 
better treatment of amine group and sulfur. 
NMR shielding tensors were computed with 
the Gauge-Independent Atomic Orbital 
(GIAO) method [10-11]. The theoretical 
results enabled us to assign experimental IR 
and NMR spectra of the molecule. All the 
calculations are performed by Gaussian 03 
program [12]. 

 
EXPERIMENTAL 
The 1H NMR and 13C NMR spectra were 
recorded at room temperature by Bruker 
Avance NMR spectrometer operating at 
400.13 MHz and tetramethylsilane (TMS) as 
internal standard. The NMR measurements 
of compound 2d were recorded on liquid 
state samples, using DMSO-d6.  
  The IR spectra were recorded on a Bruker 
IFS-88 instrument (the samples were used as 
KBr disks in the range 4000–400 cm−1). 
 
RESULTS AND DISCUSSION 
Compound 2d was synthesized according to 
Scheme 1, with the reaction of DMAD 
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(dimethyl acetylene dicarboxylate) and 6-
methyl-1,2,4-triazine-3(2H)-thione-5(4H)-
one 1 in acetonitrile. Using of asymmetric 
triazine, four cyclic structures 2a-d are 
possible [13]. The IR and NMR spectra of 
these compounds were coupled with 
quantum chemical calculations in DFT 
approach of hybrid B3LYP exchange-
correlation functional to confirm the 
structure of the synthesized compound. 
Previously it was shown that DFT methods 
perform NMR spectra calculations very well 
and give accurate results [14-21]. 
 

  
Scheme 1. Process of the synthesis.  

 
  The optimized structure of 2d, is given in 
Fig. 1 with atom numbers. Shielding tensors 
of Compound 2d were evaluated using of 
GIAO. In order to express the chemical 
shifts in ppm, the geometry of the TMS 
molecule had been optimized and then its 
NMR spectrum was calculated by using the 

same method and basis set as in the case of 
the calculations on the compound 2d. The 
calculated isotropic shielding constants were 
then transformed to chemical shifts relative 
to TMS. The calculated spectra are 
compared with the experimental data. 
  Theoretical and experimental chemical 
shifts of 1H and 13C of 2d are given in Table 
1. Theoretical 1H and 13C chemical shifts for 
this compound in solvent are very close to 
experimental data. As in Figure 1 compound 
2d has nine carbon atoms and shows nine 
different carbon peaks in 13C NMR 
spectrum. C1, C5, C6, C10, C12, C14, C16, 
C18, and C21 are in agreement with the 
structure regarding molecular symmetry.  

  

  
Fig. 1. Optimized structure of 2d at DFT/B3LYP/6-

31+G(d,p) level. 
 
 

 
. 
 

 
Table 1. Experimental and calculated 13C, 1H and 15N NMR chemical shifts (ppm) of 2d  

 

Nucleus Experimental B3LYP/6-31+G(d,p) Difference 
H2, H3, H4 2.3 1.7 0.6 

H17 7.3 6.1 1.2 
H22, H23, H24 3.8 3.3 0.5 

C1 11.3 29.9 18.6 
C5 154.6 171.4 16.8 
C6 154.1 171.0 16.9 

C10 163.9 179.5 15.6 
C12 144.4 170.2 25.8 
C14 129.0 147.3 18.3 
C16 121.3 147.2 25.9 
C18 164.5 179.8 15.3 
C21 54.3 64.4 10.1  
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The methyl protons of H2, H3, and H4 (see 
Fig. 1) are expected to give a singlet in 2.2 
ppm. Methoxy and methylene protons 
indicate a singlet at 3.8 and 7.3 ppm, 
respectively. 
  A least squares fit of all data, as shown in 
Figure 2, shows a strong linear relationship 
with an R-square value of 0.996 at 
B3LYP/6-31+G (d, p). 

 
Fig. 2. Plot of calculated vs. experimental chemical shifts 

of 13C- data. 
 

  The estimated standard error is 5.30. Linear 
regression for empirical scaling of 
theoretical data based on Forsyth and 
Sebag’s approach [22], δcalc = a + bδexp, was 
made, and 16.292 and 1.015 values were 
obtained for a and b, respectively. 
  The IR spectrum of compound 2d showed 
two carbonyl absorptions in 1701 and 1759 
cm-1. Moreover, the absorptions of C=N and 
C=C were observed in 1595 and 1560 cm-1, 
respectively, It will worth mentioning that 
there was no absorption for NH bonds. DFT 
calculations  of  the  vibrational properties of  

2d showed three main peaks in 1604.2, 
1281.2, and 1802.1 cm-1, assigned to 
asymmetric stretch of the rings, bending of 
hydrogen and symmetric stretch of the part 
of the ring connected to ester and symmetric 
vibrations of carbonyl of ester, respectively 
and a more complex spectrum for 2d (see 
Fig. 3).  

 
Fig. 3. Calculated IR absorption spectra of 2d performed at 

DFT/ B3LYP/6-31+G(d,p) level. 
 
CONCLUSION 
Application of DFT calculation method 
yields 1H,13C NMR chemical shifts and 1-

3J(C,H) coupling constants which are in 
reasonable agreement with the experimental 
results. Thus, the DFT/6-31+G(d,p) level of 
theory is more consistent with NMR spectra 
of 2d. Comparing the experimental and 
calculated results, indicates that there was a 
good agreement between theory and 
experiment and joint of experiment with 
theoretical calculation gives a strong 
confidence for synthesized compound. 
 

 

REFERENCES 
[1]  H. W. Stephen, F.J. Wilson, Some thiazole 

derivatives. Part I. J. Chem. Soc. (1926) 2531. 
[2]  R. R. Bartlett, U. Gebert, V. Kerekjarto, R. 

Schleyerbach, W. Thorwart, K. U. 
Weithmann, Drugs Exp. Clin. Res. 15 (1989)  
521. 

[3]  P. Johannsen, CNS Drugs 18 (2004) 757. 
[4]  M. C. Carreiras, J. L. Marco, Curr. Pharm. 

Des. 10 (2004) 3167. 
[5]  F. Michael, Drug Discovery Today 10 (2005) 

1333. 

[6]  A. D. Becke, J. Chem. Phys. 98 (1993) 5648. 
[7]  C. Lee, W. Yang, R. G. Parr, Phys. Rev. 37 

(1988) 785. 
[8]  G. A. Petersson and M. A. Al-Laham, J. 

Chem. Phys. 94 (1991) 6081. 
[9]  G. A. Petersson, A. Bennett, T. G. Tensfeldt, 

M. A. Al-Laham, W. A. Shirley, and J. 
Mantzaris, J. Chem. Phys. 89 (1988) 2193. 

[10]  R. McWeeny, Phys. Rev. 126 (1962) 1028.  
[11]  R. Ditchfield, Mol. Phys. 27 (1974) 789.  



M. R. Zardoost et al. /J. Phys. Theor. Chem. IAU Iran, 9(1): 7-10, Spring 2012 
 

 10

[12]  M. J. Frisch, et al. Gaussian, Inc., 
Wallingford CT, 2004, Gaussian 03, Revision 
C.02. 

[13]  M. M. Heravi, Y. Sh. Beheshtiha, R. 
Hekmatshoar, N. Nami, Phosphorus, Sulfur 
and Silicon, 165 (2000) 285. 

[14]  W. J. Hehre, L. Radom, P. V. R. Schleyer, J. 
A. Pople, Ab initio Molecular Orbital Theory, 
Wiley, New York, 1986. 

[15]  G. Korth, M. I. de Heer, P. Mulder, J. Phys. 
Chem. A, 106 (2002) 8779. 

[16]  V. Chis, A. PÍrnãu, T. Jurcã, M. Vasilescu, S. 
Simon, O. Cozar, L. David, Chem. Phys. 316 
(2005) 153. 

[17]  T. J. Hsieh, L. H. Lu, C. C. Su, Biophys. 
Chem. 114 (2005) 13. 

[18]  B. Brycki, I. Kowalczyk, J. Werner, T. 
Borowiak, I. Wolska, J. Mol. Struct. 791 
(2006) 137. 

[19]  W. Zierkiewicz, D. Michalska, B. Czarnik-
Matusewicz, M. Raspenk, J. Phys. Chem. A, 
107 (2003) 4547. 

[20]  J. E. Peralta, G. E. Scuseria, J. R. 
Cheeseman, M. J. Frisch, Chem. Phys. Lett., 
375 (2003) 452. 

[21]  C. F. Tormena, G. V. J. da Silva, Chem. 
Phys. Lett. 398 (2004) 466. 

[22]  D. A. Forsyth, A. B. Sebag, Computed 
13C-NMR Chemical Shifts via Empirically 
Scaled GIAO Shieldings and Molecular 
Mechanics Geometries. Conformation and 
Configuration from 13C Shifts, J. Am. Chem. 
Soc. 119 (1997) 9483. 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 300
  /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 300
  /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 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


