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ABSTRACT

We have studied the Uracil system with a set of 4,12b-Dihydro-3-thioxo-1H,7H-chromeno[4',3":4,5] pyrano[ 2,3-
d] pyrimidine-1(2H)-one of different electronic features using several methods. Our aimis to find out a calculation
method for the analysis of these molecules in biological systems. The combined IR and NBO study permitted us to
justify the observed tautomeric preferences. The absolute predominance of the 2H-tautomer forms is greatly
changed when the substituent group possesses anionic character; therefore the pH of the medium is relevant. When
the calculations were carried out in solution, noteworthy changes in the behavior of charged substituents were
observed. These facts may be relevant when studying the interactions of these molecules with biological receptors.
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INTRODUCTION

Uracil is a common and naturally occurring pyrimigliderivative and one of the four nucleobases énntlcleic
acid of RNA. In RNA, uracil binds to adenine viaowydrogen bonds. In DNA, the uracil nucleobasefsaced by
thymine[1-3]. Uracil can be considered as a demateg form of thymine. Uracil undergoes amide-iridicid
tautomeric shifts because any nuclear instability inolecule may have from the lack of formal aracitgt is
compensated by the cyclic-amidic stability. The denfautomer is referred to as the lactama structunde the
imidic acid tautomer is referred to as the lactimucture. These tautomeric forms are predominamtaf. The
lactam structure is the most common form of urddihcil is a weak acid. In RNA, uracil binds witlribose sugar
to form the ribonucleoside uridine. When a phosplataches to uridine, uridine 50- monophosphaprdduced.
There are many laboratory syntheses of uracil avkil The first reaction is the simplest of thetbgses, by adding
water to cytosine to produce uracil and ammonia e most common way to synthesize uracil is by th
condensation of maleic acid with urea in fumingit acid [5]. Uracils are considered as privildggructures in
drug discovery with a wide array of biological attes, synthetic accessibility and ability to cenfdrug like
properties to the compound libraries appended emtat N, N°, C° and € positions (fig 1) [6]. Antiviral and anti-
tumour are the two most widely reported activittdsuracil analogues [7]; however they also poss$esbicidal,
insecticidal and bactericidal activities [8]. Inetlpast two decades, a variety of synthetic methwise been
employed for the preparation of functionalized isac
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Fig 1: structure of tautomer uracil

The purpose of this study is to investigate molacstructure, vibrational frequencies (in gas phase and**C
NMR chemical shift values, NBO, NQR (in gas pheam®] electronic absorption spectrum (in gas phas&)lf five
tautomeric forms, both theoretically. In additian the frontier molecular orbitals (FMOs or HOMQsld.UMOSs)
for all tautomers in the gas phase were studi&BaYP/6-311++G(d,p) level.

Fig. 2. The optimized molecular structuresfor all tautomers of 4,12b-Dihydr o-3-thioxo-1H,7H-chromeno[4,3:4,5] pyrano[2,3-
d]pyrimidine-1(2H)-one

Computational details and discussion:

We have performed density functional theory (DFalcalations to optimize the structural models aftéaners of
4,12b-Dihydro-3-thioxo-1H, 7H-chromend[&:4,5]pyrano[2,3-d]pyrimidine-1(2H)-one systems haen studied in
the gas. This reduces the computational cost inpemison to treating each molecule separately. bl structures
were optimized at 6-311++G** level of theory. The8IB'P exchangecorrelation functional and the 6-31G
standard basis set have been used to run all catigng as implemented in the Gaussian 98 packaje Iflhas
been found that the NMR parameters calculated hyv®B3evels are in good agreement (fig2).
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This work is to investigate the tautomers of 4,Ibydro-3-thioxo-1H,7H-chromenof&:4,5] pyrano[2,3-
d]pyrimidine-1(2H)-one on the optimized structueesl properties of thiouracil. To this aim, moleciwdad atomic
properties (Tables 1 and 2) have been computatjoe@hluated for the investigated systems (Fig 2).

Table 1: Molecular propertiesmodel a-d

modelC Model B Model C Model D
Bond length (°)/N1-C2 | 1.37 N1-C2 1.37 N1-C2 1.37 N1-C2 1.3¢
N1-C6 1.42 N1-C6 1.33 N1-C6 1.33 N1-C6 1.31
N1-H27 1.01 C2-N3 1.34 C2-N3 1.34 C2-N3 1.41
C2-N3 1.38 C2-S26 1.77 C2-S27 1.77 C2-S27 1.67
C2-S28 1.66 N3-C4 1.32 N3-C4 1.32 N3-C4 1.34
N3-C4 1.37 C4-C5 1.40 C4-C5 1.40 N3-H29 1.01
N3-H30 1.01 C4-07 1.37 C4-07 1.37 C4-C5 1.37
C4-C5 1.36 C5-C6 1.41 C5-C6 1.41 C4-07 1.36
C4-07 1.35 C5-C10 1.53 C5-C10 1.53 C5-C6 1.44
C5-C6 1.45 C6-027 1.34 C6-028 1.34 C5-C10 1.53
C5-C10 1.52 07-C8 1.39 07-C8 1.39 C6-028 1.34
C6-029 1.22 C8-C9 1.33 C8-C9 1.33 07-C8 1.40
07-C8 1.39 C8-H19 1.08 C8-H19 1.08 C8-C9 1.33
C8-C9 1.33 C9-C10 1.52 C9-C10 1.52 C8-H19 1.08
C8-H19 1.08 C9-C13 1.49 C9C13 1.49 C9-C10 1.52
C9-C10 151 C10-C11 1.52 C10-C11 1.52 C9-C13 1.50
C9-C13 1.49 C11-C12 1.41 C10-H20 1.10 C10-C11 1.52
C10-C11 1.54 C11-C18 1.40 C11-C12 1.41 C10-H20 1.10
C10-H20 1.10 C12-014 1.37 C11-C18 1.40 C11-C12 1.41
C11-C12 141 C12-C15 1.40 C12-014 1.37 Cl1-C18 1.40
C11-C18 1.40 C13-014 1.43 C12-C15 1.40 C12-014 1.37
C12-014 1.38 C13-H21 1.09 C13-014 1.43 C12-C15 1.40
C12-C15 1.40 C13-H22 1.10 C13-H21 1.09 C13-014 1.43
C13-014 1.43 C15-C16 1.39 C13-H22 1.10 C13-H21 1.09
C13-H21 1.10 C15-H23 1.08 C15-C16 1.39 C13-H22 1.10
C13-H22 1.09 C16-C17 1.40 C15-H23 1.08 C15-C16 1.39
C1E-Cle€ 1.3¢ C1€-H24 1.0¢ C1e-C17 1.4C C1E-H28 1.0¢€
C15-H23 1.08 C17-C18 1.39 C16-H24 1.08 C16-C17 1.40
C16-C17 1.39 C17-H25 1.08 C17-C18 1.39 C16-H24 1.08
C16-H24 1.09 C18-H30 2.22 C17-H26 1.08 C17-C18 1.39
C17-C18 1.39 S26-H28 1.35 C18-H25 2.22 C17-H26 1.08
C17-H2€ 1.0¢ 027-H28 2.6¢ S27-H28 1.3¢ C1€-H2E 2.22
C1E-H2E 1.0¢ C2N1Ct 117.2: 02€-H30 2.6¢ C1€-H3C 1.0¢
Bond Angel/C2N1C6 | 127.95 N1C2N3 126.73 C2N1C6 117.27 C2N1C6 121.64
C2N1H27 116.49| N1C2S26 114.79 N1C2N3 126.73 N1C2N3 115.73
C6N1H27 115.52| N3C2S26 118.46 N1C2S27 114.80 N1C2S27 125.62
N1C2N3 112.84 C2N3C4 114.27 N3C2S27 118.45 N3C2S27 118.62
N1C2S2¢ 124.5¢ N3C4Ct 125.4: C2N3C¢ 114.26 C2N3C« 121.7¢
N3C2S2¢ 122.6: C3C40:° 115.1( N3C4Ct 125.4¢ C2N3H2¢ 117.7¢
C2N3C4 123.72 C5C407 119.43 N3C407 115.10 C4N3H29 120.40
C2N3H30 117.18 C4C5C6 113.31 C5C407 119.43 N3C4C5 122.20
C4N3H30 119.09| C4C5C10 113.84 C4C5C6 113.31 N3C407 115.23
N3C4C5 123.19| C6C5C10 132.84 C4C5C10 113.84 C5C407 122.53
N3C40: 111.2¢ N1C6Ct 121.9: C6C5C1( 132.8¢ C4C5Ct 112.9:
C5C40° 125.5¢ N1C602° 113.8¢ N1C6CE 121.9¢ C4C5C1L 112.9¢
C4C5C6 116.92| C5C6027 124.17 N1C6028 113.90 C6C5C10 134.11
C4C5C10 120.93 C407C8 115.16 C5C6028 124.18 N1C6C5 123.87
C6C5C10 121.57 0O7C8C9 120.72 C407C8 115.15 N1C6028 114.50
N1C6C5 114.91| O7C8H19 111.96 Q7C8C9 120.72 C5C6028 121.61
N1C6029 119.28| C9C8H19 127.21 O7C8H19 111.96 C407C8 114.28
C5C602! 125.8( C8C9C1I 115.9¢ C9C8H1¢ 127.2: O7C8C¢ 120.1¢
C407C8 116.40| CB8C9C13 124.82 C8C9C10 115.98 O7C8H19 111.54
0O7C8C9 123.68| C10C9C13 | 118.68 C8C9C13 124.82 C9C8H19 128.16
0O7C8H19 110.13| C5C10C9 105.49 C10C9oC1 118.68 C8C9C10 116.70
C9C8H19 126.19| C5C10C11 | 121.93 C5C10C9 105.49 C8C9C13 124.16
C8C9C10 123.21| C5C10H20 | 104.68 | C5C10C11| 121.93 | C10C9C13| 118.68
C8C9CL: 122.4: | C9C10C1 112.7¢ C5C10H2I 104.6¢ C5C10C! 105.7¢
C10C9C13 113.65| C9C10H20 | 105.71 | C9C10C11| 112.77 | C5C10C11 | 121.57
C5C10C9 109.13| C11C10H20| 104.92 | C9C10H20 | 105.71 | C5C10H20 | 105.16
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C5C10C11 117.47| C10C11C12| 119.92 | C11C10H20] 104.92 | C9C10CI11| 112.71
C5C10H20 107.36| C10C11C18| 121.60 | C10C11C12| 119.91 | C9C10H20 | 105.66
C9C10C11 106.46| C12C11C18| 117.66 | C10C11C18| 121.60 | C11C10H20| 104.72
COC10H2! 108.9f | C11C1201 | 122.9. | C12CI1CLl | 117.6¢ | ClOC11C1l | 119.9(
C11C10H20 107.24| C11C12C15| 120.74 | C11C12014] 122.97 | C10C11C18| 12157
C10C11C12 119.12| O14C12C15| 116.18 | C11C12C15| 120.74 | C12C11C18| 117.66
C10C11C18 123.00| C9C13014 | 112.83 | O14C12C15| 116.18 | C11C12014] 122.82
C12C11C18 117.88| COC13H21 | 112.46 | C9C13014| 112.83 | C11C12C15| 120.83
C11C12014 124.37| C9C13H22 | 109.74 | C9C13H21| 112.46 | O14C12C15] 116.22
CliC12C1 120.7¢ | O14C13H2 | 106.0 | C9C13H2: | 109.7« | C9C130L | 112.8
014C12C15 114.88| O14C13H22| 107.45 | O14C13H21| 106.08 | C9C13H21 | 112.47
C9C13014 110.38| H21C13H22| 108.02 | O14C13H22| 107.45 | C9C13H22 | 109.30
C9C13H21 110.59| C12014C13| 116.29 | H21C13H22| 108.02 | O14C13H21| 106.18
COC13H22 112.83| C12C15C16| 120.27 | C12014C13| 116.29 | O14C13H22| 107.79
014C13H21 108.51| C12C15H23| 118.27 | C12C15C16| 120.27 | H21C13H22| 108.04
014C13H22 105.81| C16C15H23| 121.45 | C12C15H23| 118.27 | C12014C13| 116.22
H21C13H22 108.53| C15C16C17| 120.01 | C16C15H23| 121.45 | C12C15C16] 120.19
C12014C13 118.17| C15C16H24| 119.70 | C15C16C17| 120.01 | C12C15H23| 118.31
C12C15C16 120.18| C17C16H24| 120.29 | C15C16H24| 119.69 | C16C15H23| 121.49
C12C15H23 118.30| C16C17C18| 119.46 | C17C16H24| 120.29 | C15C16C17| 120.01
C16C15H23 121.52| C16C17H25| 120.60 | C16C17C18| 119.46 | C15C16H24] 119.70
C15C16C17 119.93| C18C17H25| 119.94 | C16C17H26] 120.60 | C17C16H24] 120.28
C15C16H24 119.64| C11C18,C17| 121.75 | C18C17H26] 119.94 | C16C17C18| 119.52
C17C16H24 120.42| C17C18H30| 117.32 | C17C18H25| 117.34 | C16C17H26] 120.59
E(Kev) 34.644 34.643 -34.643 -34.642

Dipol Moment (Debay) 4.3355 3.1047 7.2485 45695

Table2: parametersNBO analysis

Nﬁtr?qrtzler Charge Core Valencsg Rydberg Total
N1 -0.60007| 1.99923 5.58444  0.01640 7.60007
C2 0.34412 1.99919 3.61971  0.03697 5.65588
N3 -0.55096| 1.99917 5.53014 0.02165 7.55096
C4 0.56567 1.99870 3.40384  0.03179 5.43483
C5 -0.2146¢ | 1.9988. | 4.1979( | 0.0179: 6.2146¢
C6 0.6434. | 1.9991¢ | 3.3140( | 0.0434: 5.3565¢
o7 -0.49682| 1.99969 6.47678  0.02085 8.49682
C8 0.17148 1.99864 3.80472  0.02515 5.82852
C9 -0.10392| 1.99898 4.08819 0.01674 6.10392

Cc 10 -0.25081| 1.99905 422910 0.02266 6.25081

c1 -0.0918: | 1.9989: | 4.0760: | 0.0168' 6.09181
C1z 0.3170¢ | 1.9986¢ | 3.6609! | 0.0233: 5.6829:
Cc13 -0.02419]  1.99908 4.00284  0.022P8 6.02419
014 -0.55211)  1.99973 6.5332p  0.019p9 8.552(11
P
L

C15 -0.23611)  1.99906 4.2183 0.01866 6.236[1
C1l6 -0.18606| 1.99916 4.1689 0.017p9 6.186p6
C1i -0.2223! | 1.9991¢ | 4.2042¢ | 0.0189¢ 6.2223!
C 1¢ -0.1772« | 1.9990° | 4.1608( | 0.0173: 6.1772:
H19 0.19766| 0.00000 0.8013 0.00097 0.80284
H 20 0.23504| 0.00000 0.7617 0.00321 0.76496
H 21 0.17993| 0.00009 0.8182 0.001f7 0.820p7
H 22 0.19446| 0.00000Q 0.8043 0.00116 0.805b4
H 22 0.2156¢ | 0.0000( | 0.7832: | 0.0011( 0.7843¢
H24 0.20309| 0.00000 0.7962 0.00066 0.79691
H 25 0.21834| 0.00000Q 0.7803 0.001P9 0.78166
H 26 0.20325| 0.00000 0.7960 0.000Y3 0.796Y5
H27 0.41461| 0.00000 0.5815 0.00380 0.58589
S 28 0.06285|  9.99917 5.9049 0.033p1  15.93715
029 -0.62365| 1.99976 6.6113 0.01259 8.62365
H30 0.16413| 0.00000 0.8332 0.00265 0.83587
* Total* | 0.00000 | 47.98244 99.547(Q 0.470%4 1480000

WO+

B TO OO+

The structure of A molecule is defined by the pgrdup G angles which determine the orientation of the binass
and terminal groups. Although the comparison bebntbe structures in the gas phase. Calculated ogihs (in

647



A. Shameli et al J. Chem. Pharm. Res., 2016, 8(5):644-650

A) 1.01-1.77 and bond angles (in degrees) 105-127his work, the keto-enol tautomerizations of toar
structures are discussed by comparing their relaquilibrium constants.

NBO theory allows investigating the conjugated iatéions in molecular systems, and is an effeatiethod for
studying intermolecular interactions. The secordkof~ock matrix was carried out to evaluate theod@tceptor
interactions in NBO analysis (table 2).

o

20 7

Abs. L
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280

100 I 1 L] 1 Ll L) T
4000 3500 3000 2500 2000 1500 1000 500 0
Wavelength [1/em] ->

Fig3: spectrum IR Molecule A

Table 3: IR spectraand relativeintensity spectra of A

frequency (cr?) | intensity | frequency (cr?) | intensity

3626 31.91 1411 36.51
3620 50.9 1265 26.72
3419 29.13 1230 33.01
3232 45.2% 121¢ 25.2¢

320¢ 38.2% 119z 34.3¢

3190 22.82 1149 19.45
3066 23.65 1115 40.72
1882 20.34 1094 21.6

1798 100 1075 28.07
1738 40.76 925 18.95
171¢ 50.6: 89t 21.6i

1677 59.02 848 25.03
1640 78.85 712 335

1596 89.24 662 29.35
1478 43.47 492 38.58
1429 30.42 424 24.46

Calculation of dendrimer molecules with the DFT diegical spectra. This increases the accuracy ef th
interpretation of bands in the entire frequencygeaim which the spectra were recorded. Within ttes@nt study the
use of IR spectroscopy in conjunction with comgotal methods in quantum chemistry is interestiranf the
point of view of obtaining unique information thhelps to better understand the structure of deretemThe
interpretation of IR spectra of zero generatiomal determining the local changes in the structirethe IR
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spectrum of A are asymmetric and symmetric NH shieg vibrations of amid group. The experimentebfrencies
of these bands are lower than theoretical valuestaintramolecular N\HS hydrogen bond. This hydrogen bond
is also responsible for higher experimental infiétable 3).

The energies of highest occupied molecular orfi@MO) and the lowest unoccupied molecular orhitayMO)
were calculated using 6-311++G(d,p) method angit@rial illustration of the frontier molecularhitals of A are
shown in Fig. 4.

LUMO

HOMO

Fig 4: Molecular orbital surfacesof A
CONCLUSION

Initial guantum mechanic studies and density furctheory (DFT) in the level of B3LYP/6-311++G** dfeto-
Enol Tautomerism process 4,12b-Dihydro-3-thioxo7tttchromeno [43:4,5]pyrano[2,3-d]pyrimidine-1(2H)-one
structure, that results shows that activation enéogthis reaction equal 34.6 (keV.ndl The process is a type of
easy and fast balance that is more stabler of #taté. The results of NBO analysis of showed thatltond are in
resonance condition with pair electrons nonbonditagn O, S and therefore providing enol state that kind of
isomeric reaction and the intermediate in theseti@as usually is the structure between ketoneearud state. Bond
angels and density of electrons aren’t the samstrinctures enol state, transition state and kesiate. Also
tautomerism is a kind of endothermic isomeric reactsets.
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