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ABSTRACT

DFT and ab initio theoretical methods were used to calculate the relative
stability of complexes of 3-methyl-2-thioxoimidazoldin-4-one (3Me-
TI10) withiodine. Thismolecule (T) hasfour tautomers (T, T,, T,,and T )
and can be used for treatment of hyper thyroidism due to its ability to
make complexes with iodine. All tautomers and complexes are optimized
using the B3LY P method in conjunction with two different basis sets. The
relative energies show that in all tautomers and complexes thione forms
are more stable than thiol forms. The NBO calculation is carried out on
the tautomers and complexes to obtain atomic charges and find donor-
acceptor interactions. These results confirm the ability of 3Me-TIO tau-
tomers to form complexes with iodine and show that the planar complex
has more effective interactions than the perpendicular one. The atomsin
molecules (AIM) analysis show that the electron charge density and its
laplacian at the S-1 bond critical point of the planar complex is higher than
the perpendicular one.  © 2015 Trade Science Inc. - INDIA
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INTRODUCTION

Methimazole, carbimazole and
propyltiouracilare anti-thyroid drugs depress the
formation of thyroid hormonesby inhibiting thefirst
step of the hormonal biosynthesis which is the in-
corporation of oxidized iodine into tyrosine resi-
dues in the large thyroid hormone precursor thyro-
globulin molecul €4,

Thioimidazoline derivates are aso known as
iodine absorbent in a human body>°, Each com-
pound with a powerful complex with iodine can be
considered asanew drug®. Generally, treatment of

hyperthyroidism isachieved by two different mecha-
nisms. One mechanism iscoordination toiodineand
prevention of electrophilic substitution of iodineon
tyrosine™® and another one is coordination to a
metal ionic center on tyrosine peroxide and deacti-
vation of it

Thefirst mechanism was considered inthisstudy.
Therefore, wedecided to design new moleculeswith
high ability to form complexes with iodine, which
can be used as new drugs for treatment of hyper
thyroidism.

Inthe present work, we used computational quan-
tum chemistry methods to investigate tautomerism
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and stability of the 3-methyl-2-thioxoimidazoldin-
4-one (3Me-TIO) complexesin the gas phase. An-
other important aspect of thismoleculeisits diver-
sity intautomerism2®24, Thismolecule hasdifferent
tautomers, and each tautomer can show unique be-
havior in the interaction with iodine (See Figure 1
and Figure 2). A study of tautomerism, especialyin
biologically active molecules, has been one of the
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2-mercapto-1-methyl-1H-1midazol-5(4H)-one

2-(methylthio)-1H-imidazol-4(5H)-one
Possible tautomers and numbering scheme for T

most interesting in computational researchesbecause
tautomerism plays a vital role in the determination
of compound application?>3, and different tau-
tomers of each molecule behave differently in both
chemical and biological systems. Thus, sincethebio-
logical, chemical, and complexation properties of
the3Me-TIO moleculearedifferent initstautomers,
we attempted a systematic analysis of thismolecule

2-mercapto-1-methyl-1H-imidazol-5(4H)-one

56
Numbering scheme

Figure 2 : Optimized structures of the tautomers and complexes
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TABLE 1: Molecular parameters for the complexes and the most stable isomer of each tautomer in A and degree

M olecules T, T, T, T,
Cs-S 1.77 177 175 175
Ci-N, 1.28 1.281 1.36 136
Cs-Ny 1.40 141 131 131
G-Gg 1.22 122 121 121

N,-Cs-N, 116.30 115.90 116.30 116.20
S-G-Ny 118.20 122.80 119.40 124.60
C,-N,-C, 105.60 106.00 107.80 108.10
C-N,-C, 107.60 107.50 106.50 106.40
N2-C;-Cs-N4 0.000 0.20 0.00 0.00
Complexes T-l(perp) |-l (planar)
Cs-S 1.68 168
Se-lis 3.156 303
li5- 116 2.77 2.80
Cs-N: 1.35 135
Ci-N, 1.38 1.39
G0, 1.21 127
N2-H7 1.01 1.02
N,-C;-N, 107.70 107.90
S-G-Ngy 126.10 124.70
lis- S¢-Cs 86.80 97.70
C,-N,-C, 112.70 112.70
Cs-N4-Cs 111.60 11140
li5- Ss-Ca-N, 77.40 180.00
N,-C,-C--N, 2.40 0.00
l16-1 15-S5-Cs 30.90 0.00

in both the tautomery scheme and compl exation prop-
ertiesin our study.

Molecular parameters and relative energies of
the 3Me-TIO molecule were calculated using
B3LY P/6-311++G™ and B3LY P/6-31+G"levels of
theory to study itstautomery scheme and properties
of al tautomers (TABLES 1 and 2). Frequency cal-
culations were made on the optimized structures at
theB3LY P/6-31+G"™ and B3LY P/6-31+G"|level s of
theory (TABLE 3).

Moreover, NBO calculations were made to ob-
tain natural atomic charges (TABLE 4). Occupation
numbers (TABLE 5), and donor-acceptor interac-
tions (TABLES 6 and 7) of all tautomers and com-
plexes using the B3LY P/6-311++g"level of theory
then, AIM analysis (TABLE 8) of the complexes
were performed to determine the complexation prop-
erties of different tautomersin the interaction with

iodine. Computation detailsand the results obtained
in thiswork are presented below.

THEORETICAL METHODS

Density functiona theory (DFT) hasbeenwiddly
applied by chemiststo study the el ectronic structure
of molecule in the past year®, |n this work, al
calculation were carried out using Becke’sthree pa-
rameter density functional®™ and Lee, Yang, and Parr
functional (TABLES 1-3) to describe gradient-cor-
rected correlation effects, which leads to the well-
known B3LY Pmethod. The B3LY Pmethod hasbeen
validated to give result similar to those of the more
computationally expensive M P2 theory for molecu-
lar geometry and frequency cal cul ation®*4Y,

The geometry optimizationswere performed for
all tautomers by the B3LY P method in conjunction
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TABLE 2 : Relative Enthalpies and Gibbs Free Energies of All Tautomers (a) and complexes (b) in comparison

with the most stable structure in kcal mol*

@

Tautomers B3LYP/6-31+G™ B3LYP/6-31++G
AZPE AH AG AZPE AH AG
T 0.00 0.00 0.00 0.00 0.00 0.00
T, -9.50 5144 52.90 -9.52 51.48 52.90
T, -10.14 6216 62.21 -0.84 63.37 59.87
Ts -7.09 69.77 7243 -7.08 69.64 72.33
T, -7.10 54,51 55.87 -7.09 54.43 55.80
(b)
Complexes B3LYP/6-31+G™ B3LYP/6-31++G
AZPE AH AG AZpe AH AG
Tl 285 4175 3.38 3.02 4383 401
(planar)
T-1(perp) 242 -28.01 7.32 2.34 -29.68 5.55
TABLE 3: The calculated NH stretching wave numbers of T and complexesin cm?
Method T T-1,(Planar) T-1,(perp)
B3LY P/6-31+G** 3681.2 3544.76 3668.3
B3LYP/6-31++G** 3681.52 354247 3668.77

TABLE 4 : Natural atomic charges extracted from NBO calculations in au for tautomers and complexes

Tautomers C, N, N, Oq Hi, Ss CH, Cs
T 0.2468 - -0.4937 -0.5838 0.4536 -1.1592 0.2794 0.6947
T, 0.2754 -0.5216 -0.5155 -0.5984 0.1718 0.0529 0.2729 0.6896
T 0.2657 -0.5026 -0.5185 -0.4612 0.1281 0.0956 -0.2667 0.6893
Ts 0.2756 -0.6620 -0.5823 -05716 04384 03611 -0.0743 0.6516
complexes G N, N, Os Hi, Se l1s li6
T-I>(planar) 0.2676 -0.6017 -0.4832 -04877 04471 -0.0901 -0.1685 -0.0206
T-1,(perp) 0.2700 -0.6001 -0.4780 -0.4698 0.4491 -0.1516 -0.1264 -0.-229

with 6-31++G"and 6-31++G™ basis sets and the
NBO analysis“? was carried out at the B3LY P/6-
31++G™ level of theory. All optimizationsand NBO
analysis was carried out using the Gaussion03 pro-
gram package®d. AIM analysis were performed us-
ing theAIM 2000 program® on the wave functions
obtained at the B3LYP/6-31++G™ level of theory.
Thismethod has presented useful information about
intermolecular interactions and the characterization
of bondsthrough the analysis of the electron charge
densities®,

RESULTSAND DISCUSSION

All geometrieswere optimized with the B3LY P

method as a part of the Gaussion03 program pack-
ageld.

As can be seen from the calculated Gibbs free
energy values listed in TABLE 1, al calculations
suggest that thione tautomer of 3Me-TIO is more
stable than the thiol onesin the gas phase. Data in
the TABLE 1 revea important aspect of the molecu-
lar structures. The vaues of C,-S bond lengths are
listed in the first row of the TABLE 1. As can be
seen, C,-Sbond length in 3Me-TIO is 1.658 A and
initscomplexesisin therange of 1.677-1.678A.

Interaction between non-bonding lone pair of
sulfur atom and anti-bonding orbital of lodine af-
fectson C=Sbond lengthsin thetautomersand com-
plexes. In the presence of this interaction, charge
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transfer from Nitrogen atomsof ringinto sulfur atom
increases. Thus, C=S bond lengthsin the complexes
areshorter than tautomers.

In the next rows, S-1 and I-1 bond lengths of the
complexesarelisted. The S-1 bondisdightly shorter
in the planar complexesthan that in the perpendicu-
lar ones, but thereis no any important differencein
the valuesof I-1 bond lengthsin all complexes.

The next 4 rows of TABLE 1consist of bond
angle values. We can follow hybridization changes
in the central action of each bond angle by observ-
ing bond angle variations. For example, when the
central atom of bond angle has SP? hybridization, its
bond angleis near 120° (as C, in al tautomers and
N,inT,and T).

But for C,, theexocyclic bond angle (N,-C,-N,)
issmaller than the exocyclic one (S-C,-N,) because
of ahigher mobility of the external sulfur atom.

Dihedral anglesarelisted in the last columns of
the TABLE 1. The values of the N-C -C-N, dihe-
dral angles can show the degree of planarity of the
molecules. Thevaluesof thisdihedral angleare near
zeroin all tautomers and complexes, so that the pla-
narity of al structuresis confirmed.

Moreover, the I-1-S-C, and I-S-C-N, dihedral
angles determinethe situation of theiodine molecule
versustautomers.

ENERGY DATA

Therelative zero point energies, enthal pies, and

—= Fyll Poper

Gibbs free energies for the most stable tautomers
and isomers show that T has the lowest enthalpy
and Gibbsfree energy at both levelsof theory. T has
both C=S and C=0 strong double bonds, so these
strong bonds can be responsible for the most stabil-
ity of thistautomer. The some observation about the
relative stability of cyclic tautomers has been ob-
served in various pyrimidine and purine based*"#,

There ative stability of other tautomersand geo-
metric isomers obtained at the B3LY P/6-31++g"
level of theory isfoundto beasfollows: T>T >T,
>T,>T,.

Moreover, therelative stability of the complexes
is found to be as follows: T-1,, (planar) > T-1,, (per-
pendicular).

Datainthe TABLE 3 show that AG of formation
for the planar complex (T-1,) is by 10.70 kJ mol*
lower than the perpendicular one. Formation of the
complexesisaccompanied by decrement of the both
enthalpy and entropy. Also, decrement of enthalpy
in the planar complex islarger than the perpendicu-
lar one.

Stretching vibrational frequencies of the N-H
bond for 3Me-TI1O and complexes were calculated
at the B3LY P/6-31+G** and B3LY P/6-311++G**
levels of theory and reported in the TABLE 3. As
can be observed, 3Me-TIO has larger wavelength
for N-H bond than both complexes. Stretching vi-
bration of N-H bond in the planar complex is more
reduced than perpendicular one duo to formation of
intermol ecular hydrogen bond in thiscompl ex.

TABLE 5: Most important occupancies from NBO calculations for tautomers and complexes in au

T T, T, T, T, T-l,(planar) T-1,(perp)
8Cs-Se 1.9840 19820 1.9828 1.9803 1.9809 1.9897 1.9867
C4-Sq 1.9825 - - - - 1.9872 1.8653
[p2N1 1.6979 19183 1.9162 1.7118 17134 1.3693 1.6495
[p2N4 1.6000 1627 1.6318 1.9023 1.9081 15875 15749
Ip.S 1.9848 19862 1.9844 1.9795 1.9814 1.9865 1.9852
IpSs 1.8661 18714 1.8788 1.8080 1.8102 1.9848 1.8761
JoX@X 1.9771 19771 1.9769 1.9766 19764 19761 19761
[p,Os 1.8461 1.8463 1.8463 1.5830 1.8541 1.8188 1.8180
8Cs5-Og 1.0098 0.0110 0.0113 0.0140 0.0139 1.9983 1.9986
1Cs-Oq 1.2644 0.2626 0.2614 0.2413 0.2350 1.9939 1.9948
8Cs-Se 1.0114 0.0437 0.0420 0.041 0.0464 1.9653 1.9881
nC3-Se 1.4495 02176 0.1543
—==mm>  [norganic CHEMISTRY
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NBOANALYSIS

NBO population analysis was made to obtain
natural atomic charges and important donor-accep-
tor interactions. TABLE 4 presentsthe natural atomic
charges of atoms in all tautomers and complexes.
The numbering scheme of thistable is the same as
the scheme presented in Figure 1.

IntautomersT, T, T,, T, and T, dl nitrogen and
oxygen atoms have negative charges and carbon and
hydrogen atoms have positive charges. Thesecharges
arenormal, but interesting charges were observed in
thesulfur atom. In T and complexes sulfur hasanega-
tivecharge, whilein the other tautomersit hasaposi-
tive charge because in T, the sulfur atom is bound
only to C, with a double bond while in the others
sulfur is bond to two atoms by single bonds. Other
atomic charges of the atoms in tautomers have usual
values with alittle variation between the tautomers.
Inthe compl exes, the sum of net atomic chargesof al
atoms in the tautomer is higher than those in smple
tautomers, because negative charges are placed on
theiodineatoms. These charges provide another proof
for the existence of area complex between the tau-
tomers and iodine. Also, in the planar complex the
absolute values of charges placed on the iodine at-
oms are larger than perpendicular one. This shows
that amore effectiveinteraction (between thetautomer
andiodine) seemsto exist in the planar complex.

One of theimportant resultswhich obtained from
NBO caculationsisorbital occupanciesand another
isdonor-acceptor interactions. INTABLE 5, selected
occupation numbersfor all tautomersand complexes
arelisted. Thevauesof occupanciesshow that nearly

al bounding orbitals and lone pairs consist of more
than 1.9 electrons, but some lone pairs have occupa-
tion numbers between 1.6 and 1.98. These occupan-
ciesdisplay that important donor propertiescan exist
on theselone pairs. Also, asignificant changein the
occupancies of thed or  bond between thetautomers
and complexes has not been observed.

Thisobservation confirmsthat the d or = bond do
not contribute in electron donation to iodine. On be-
half, a significant decrease was observed in the oc-
cupation number of the lone pair 2 of sulfur atomin
the complexesin comparison with tautomer T which
showsthat thislonepair isdonated to theiodine atom.

The occupation numbers of 5*C-O and 5*C-Sor-
bitalsin T are larger than its tautomers. This result
indicates that charge transfer to these orbitalsin T is
greater than itstatomersand |eadsto more stability of
T in comparison with corresponding tautomers.

The occupation number of n°C_-O, in the tau-
tomers show that resonance is between the N, lone
pair and the C.=0, double bond. Otherwisg, theN,
lone pair has resonance with n'C-O,. The samere-
sultisobservedinthen’C,-S; occupation number in
T and other tautomers. Because of ahigher capacity
of the sulfur atom in electron acceptance, these oc-
cupancies are higher in the previous example.

Thelist of important donor-acceptor interactions
isgivenin TABLE 6. As can be observed, the lone
pairsof N,, N,, and S, areimportant donors, and C-
N, C-S, and C-O bonds are the main acceptors. The
most powerful interactionsarelp,N, ton'C_-S, and
Ip,N, to °'C,-O,. Also, A potent resonance exists
between the nitrogen lone pair and the C=S or C=0
double bond. Another important interactionis elec-

TABLE 6 : Donor-acceptor interaction energies (in kcal mol?) in the tautomers and complexes

Donor Acceptor T T T, Ts Ty T- I,(planar) T- 1(perp)
IpiN> 8:C3-Ss - 0.70 0.84 - 102.50 90.93
Ip:N; :C3-Ss 73.88 - - - -
[p1N4 8:Cs-S¢ - - - 0.99 1.02 83.01 85.34
[p1N4 1:Cys-Og 56.71 54.17 5359 -

Ip1Ss 8+C3-Ny 3.76 4.48 5.96 -
Ip2Ss 3«N2-C3 11.65 - 0.84 - - 8.56 12.29
Ip1Ss 3«N2-C3 431 5.07 - 5.59 - 4.09 197
Ip2Ss 7:N,-Cs - 24.21 20.56 -

Ip2Ss 8:C3-Ny 14.43 0.71 29.78
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TABLE 7 : Special donor-acceptor interaction energies (in kcal mol™) in the complex T-I, (planar and per pendicu-

lar)

Donor Acceptor T-l(Planar) T-1,(Perp)
1p:Se 8" (l15 l1g) 2.34 1.83
Ip2Ss 8°(I-1) 31.39 0.94

Ip1(l15) & (N2-Hy) 0.42

Ips(115) 8 (N2-Hy) 7.85

TABLE 8: Calculated critical point properties of the complexes for S-I (a) and C-S (b) bond In A and au

@

complex r p(r) CPA CPB

T-1(plarar) 3.034 0.0272 00591 1.5614 1.468

T-12(perp) 3.1560 0.0208 0.0492 1.7713 15463
(b)

complex r p(r) CP-A CP-B

T-12(planar) 1678 0.2010 04589 1.0648 16137

T-12(perp) 1.6778 0.1997 0.4939 1.0643 0.6113

tron donation by Ip,S; to the 5°C-N,. Thisinterac-
tion has not been observed in most complexes be-
cause of the donation of thislone pair to iodine.

Itisobviousthat in T, and T, the C,=N, double
bond exists. So Ip,S; to the §'C-N, interaction is
replaced by Ip,S; donation to ©'C-N, in this tau-
tomers.

In addition, special donor-acceptor interactions
were listed only for the complexesin TABLE 7.

The datalisted shows that although both sul-
fur lone pairs contribute in electron donation to
iodine, but one of them (Ip,) is more effective.
Moreover, in the planar complex the donor-ac-
ceptor interaction energies are significantly higher
than that the perpendicular one for both interactions
(Ip, to &’l-1 and Ip, to &°I-I).

AIM ANALYSIS

In the final part of our study, AIM analysis per-
formed for the compl exes to obtain important com-
plexation properties, and the results are listed in
TABLES.

Thefirst column of thistable consists of S-1in-
teraction data. In this part, p (electron charge des-
tiny) and its laplacian (v?p) are very useful param-
etersto estimate the strengths of the S-1 interactions
inthe complexes.

The low values for the electron charge destiny

reflects the weak character of thisbond in our com-
plexes. It is noticeable that the planar complex has
thelarger value of the el ectron chargedensity at bond
critical point of S-I than the perpendicular one, con-
firming the higher efficiency of the planar complex
for treatment of hyper thyroidism. The negative val-
ues of ?p at bond critical points of C-S bond reveal
the covalent nature of thisbond.

CONCLUSIONS

In thisreport, 3-methyl-4-thi oxoimidazolidin-4-
one (3Me-TIO) and itstautomers have been studied
to find new structures with the effective ability to
make acomplex with iodine (for treatment of hyper-
thyroidism).

All structures and complexes with iodine have
been optimized using the B3LY Pmethod in conjunc-
tion with 6-31+G”and 6-31++G™ basis sets to ob-
tain their molecular parameters and relative ener-
gies.

Monomer T hasfour tautomersand the optimized
structures show that T makes planar and perpendicu-
lar complexeswith iodine.

The relative stability of the complexes shows
that the planar complex T-1, is more stable than the
perpendicul ar one.

NBO calculations were performed for the tau-
tomers and complexes to obtain atomic charges, oc-
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cupation numbers, and donor-acceptor interactions.
These results confirm the ability of T tautomers to
form complexesand show that the planar complex has
moreeffectiveinteraction than the perpendicul ar one.

The AIM analysis reveals that the planar com-
plex hasthelarger value of the el ectron charge den-
sity at S-I bond critical point than the perpendicular
one. Consequently, planar complex T-1,, has higher
efficiency than perpendicular one for treatment of
hyper thyroidism.
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