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(Ethoxy(ethyl)amino)methanedithiol is used in nuclear medicines
as a ligand for the preparation of diagnostic radiopharmaceuticals
Among the available radionuclide tracers, technetiur®9m (°°mTc)
is a good choice for myocardial perfusion imaging. Among th
various cardiac perfusion imagirg agents, bislV-ethoxy-N-ethyl-
dithiocarbamato)nitride technetium-99m radiopharmaceutical
has a very high uptake. During the present study, the reactivity
stability, structural and spectral properties of anti, syrendo and
syn-exo isomers of bis(V-ethoxy-N-ethyl-dithiocarbamato)nitride
technetium-99m radiopharmaceutical were discussed by density
functional theory (DFT) computational method. It can be deducec
from the theoretically applied computations that the anti
molecular structure is generally more sable than the synendo-
and syn-exo- ones.
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Introduction

The most famous type of the hedrdiseases is related to the coronary artery disease (CAD) [1]. The
main reason of this disease is hard pumping of blood tothe heart muscle. This happens when the
various materials such as cholesterol cover the inner walls of the blood vessels. These miaterare
called plague. The big plaques (atherosclerosis) cause the slow flowing of the blood through the
arteries [2-4]. So, the heart muscle encounters a lack of oxygen and blood. This problem causes a
heart attack or an angina (chest pain). In some casethe coronary artery disease (CAD) contributes
to arrhythmias and heart failure. The pharmacological stress myocardial perfusion imaging is used
for the CAD detection. Therefore, selection of the best pharmacological stressors and radionuclides
is more important to access the optimal perfusion imaging protocol [8]. Among the available
radionuclide tracers, technetium99m (9°mTc) is a good choice for myocardial perfusion imaging [9].
In this sense, among the various cardiac perfusion imaging agents, Ns¢thoxy-N-ethyl-
dithiocarbamato)nitride technetium-99m radiopharmaceutical has a very high uptake [1Q.3]. This
nuclear medicine is a novel member of the neutral myocardial perfusion imaging agents [14]. The
mentioned nuclear compound has lipophilic molealar structure and is rapidly extracted by
myocardium in dogs, rats, mokeys, rabbits and human beingsThe kit formulation of this
radiopharmaceutical is very easy [15]. So, it can be easily used for diagnosis of the coronary artery
disease. In recent yew@s, many preclinical and clinical works have been done 0f®™Tc-N(NOEt)
imaging agent [16-18]. It has been proved thaf®mTc-N(NOEt), has superior properties for imaging
myocardial ischemia than hexakis2-methoxyisobutylisonitrile technetium-99m (9°mTc-MIBI) [19].
Also, it has shown good responses in tumor imaging and detection of tumor cells [20].

Unfortunately, in our best studies, the chemical structure of this radiopharmaceuticdlas notbeen
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taken into consideration. During the present research, we thoretically study and investigate the
stability, reactivity, and structural and spectral properties of the 99mTc-N(NOEty, myocardial
perfusion imaging agent. In order to better understand the real structure of this

radiopharmaceutical, its different isomess (anti, synendo and synexo) are discussed. We use the

density functional theory (DFT) computational method for our studies.

Materials and methods

During the present research, the quantum mechanical computationswere done and themolecular
structures of arti, syn-endo and synexoisomers of bis{V-ethoxy-N-ethyl-dithiocarbamato)nitride
technetium-99m radiopharmaceutical were optimized using density functional theory (DFT)
method (B3LYP functional) with cepVDZ basis set of theory by the Gaussian 03W prograragkage
[21-23]. The Lanl2DZ basis set was used to the computation of technetit@@m radionuclide. Also,
the ChemBioDraw Ultra 13.0, GaussView 6.0.16 and GaussSum 3.0 programewsed for drawing
molecules, visualizing molecular structures and obtaining ectral graphs, respectively. After
optimizing the structures, the vibrational frequencies were computed for all molecules. It is worth
mentioning that there was not any imaginary frequency for all isomers. So, it proves the accuracy of

our computations.

Results and discussion
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Scheme 1.Molecular structure of 99mTc-N(NOEt), isomers.
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Scheme 1 shows the molecular structure of the isomers &M Tc-N(NOEt), radiopharmaceutical. As
it can be seen two (ethoxy(ethyl)amino)methanedithiol ligands have been connected to thd A k2
core. In this core, the nitride atom N-has made a complex with T¢V) radiotrace. This nuclear
i AAEAET A EO A 11 OA# cokwheiithd @chnetiui@ EV) rAdiodudlide. is triple
bonded to a strong pi electron donor nitride atom and foudonor sulfur atoms [24]. As it is evident
from the Scheme 1, this radiopharmaceutical can be in three forms: anti, sgndo and synexo

isomers.

Structural study of the 2mTc-N(NOEt)zisomers

The density functional theory (DFT) method with B3LYP functiond and cepVDZ//Lanl2DZ basis
sets was used to optimize the molecular structuref anti, synendo and synexo isomers of bis{V-
ethoxy-N-ethyl-dithiocarbamato)nitride technetium-99m radiopharmaceutical. The optimized

structural geometries of all isomersare indicated in Figure 1.lt can be seen from the Figure 1 that

A

all three isomers have square pyramidal structure.
J\
\

7LrH
o ‘ ;
T

«

Figure 1. The theoretical geometric structures oP*mTc-N(NOEt), isomers.

The bond length data of the isomers are listed in Table 1. It cae keen from the data that the T\
and TcS bond lengths of the structures are 00 -pB8@ov ! RcB8t & tRBcOAODPAAOEOD
2 shows the changes in bond lengths of the molecular structures. This curve indicates that changes

in Tc-N bond length of the isomersare not tangible but changes in T€S bond lengths of the
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Table 1. Bond lengths data of the molecular structures.
Isomers Tc-N Tc-S1 Tc-S2 Tc-S3 Tc-S4
anti-**mTc-N(NOEt) 1.640 2.350 2.439 2.330 2417
Synendo-29m"Tc-N(NOEt), 1.634 2.484 2.461 2.323 2.339
Synexo-29mTc-N(NOEt) 1.635 2.433 2.330 2.435 2.352
25 ¢
2 E
<
S 15 B anti-99mT c-N(NOE()2
E B Syn-endo-99mTc- N(NOE)2
=) L. © Syn-ex0-99m T N(NOE#)2
E B Average
3
0.5 1
0 r
TeN TeS1 TeS2 Tc-83
Figure 2. The bond lengths curve of*™Tc-N(NOEt), isomers.
Table 2 shows the S'¢-S and STc-N bond angles data of the mentioned molecular structures. It can
be seen from these data that the-$c¢-S bond angles of §¢-S-C rings are about 70degree and 80
degree when the ethoxy(ethyl)amino groups on ligands are in positions endo and exo with -Kc
core, respectively. Also, the-Sc¢-N bond angles data indicate that the all isomers of biltethoxy-N-
ethyl-dithiocarbamato)nitride technetium-99m radiopharmaceutical AT T 80 EAOA OUI | AC

squared pyramidal structure. This happens due to the steric pressure of theT®-S-C rings. The

variations in bond angles are shown in Figure 3. These variations will probably cause important

differences in stability and reactivity properties of the molecular structures of the studied isomers.

These properties will be discussed inthe next sections.

Table 2. Bond angles data of the molecular structures.

Angles

anti -9nTc-N(NOEt), | Syn-endo-%mTc-N(NOEt), | Syn-exo-mTc-N(NOEf), |
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S1Tc-S2 86.420 78.270 85.062
S2Tc-S4 72.514 68.842 83.100
S1Tc-S3 80.994 73.864 72.058
S3Tc-S4 86.863 123.498 87.864
S1TcN 121.497 98.771 102.871
S2Tc-N 100.736 119.029 119.951
S3TcN 121.792 111.991 102.210
S4Tc-N 102.272 99.014 119.589
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Figure 3. The bond angles curve o®¥mTc-N(NOEt), isomers.

From the data of the Table 3, the Tl and TeS bonds of all isomers are constructed from 2-3.4

and 0.60.7 bond orders, respectivelyFigure 4 shows the differences in these bond osads in the

mentioned molecular structures. We can see from the Figure 4 that these differences for each bond

are negligible. So, the differences in the chemical properties of the isomers ¥hTc-N(NOEt)
"""" -N and @6 boAdbord@A 1 AOAA O1 OEA 4A

Table 3. Bond orders (B.O.) data of the molecular structures.

Isomers Tc-N Tc-S1 Tc-S2 Tc-S3 Tc-S4
anti-2°mTc-N(NOEt) 2.319 0.714 0.650 0.773 0.725
Synendo-2°mTc-N(NOEt) 2.364 0.604 0.694 0.777 0.797
Synexo-22mTc-N(NOEt) 2.344 0.684 0.743 0.641 0.677
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Figure 4. The bond orders curve of*mTc-N(NOEt), isomers.

Table 4 shows the data of the natural bond orbitals (NBOs) population analysis of all three isomers
of 9mTc-N(NOEt) nuclear medicine. The NBOs population analysis dataivgs us important
information about the nature of TeN and TeS bonds of the studied molecular structures. From the
data of the Table 4, more d orbitals of technetium atom and more p orbitals of nitrogen atom are
participated in construction of the sigma & A DPE AT T A0 | £ 4Ak. Al OA
structures. In contrast, technetium atom uses more s and d orbitals in 3 bonds. So, this
information indicates that the d orbitals of technetium atom play the main role to make the bonds

with nitrogen and sulfur atoms.

Table 4. Natural bond orbital (NBO) population analysis data of the molecular structures.

Isomers Bonds Occupancy Population/Bond orbital/Hybrids
5w A IN)N\~ 1.97003 48.27% Tc (sp-22d17:95), 51.73% N (sp-3Y)
E o AP j-M)A 1.90674 53.77% Tc (sP-24d1572), 46.23% N (p)
8 % A C§-M)A 1.97426 59.73% Tc (spP-12d7647),40.27% N (s3°-29)
g = K 48 1.85375 36.00% Tc (spP-%4d249), 64.00% S1 (sp-79)
© A j 45B) 1.93394 45.11% Tc (sP-%8d6-39), 54.89% S2 (sp?->9)
Ki ANA 1.92828 45.53% Tc (spP-14d7-32), 54.47% N (sp-73)
¢ g 2 A pj-MA 1.92251 53.77% Tc (pd®72), 47.24% N (sf9%)
n 5 $ A C j-H)A 1.88008 55.50% Tc (sp3-62d99-99), 44.50% N (p)
K SB 1.78251 38.72% Tc (sp-22d1-29), 61.28% S1 (sp’48)
. Aj ANA 1.94176 48.02% Tc (sp-18d®-89), 51.98% N (s[5-56)
E 9 2 APD i -M)é 1.68642 43.13% Tc (s3°-99d%-99), 56.87% N (s[8°-99)
" o § A Cj-H)A 1.98386 58.19% Tc (sp-21d99-99), 41.81% N (sp3°:99)
K S8 1.78951 36.71% Tc (sP-38d2.03), 63.29% S1 (p1330)

Stability and reactivity study of the 29mTc-N(NOEt),isomers
The energies of frontier molecular orbitals (HOMO and LUMO) of the molecular structures of anti,
syn-endo and synexo isomers of bis{V-ethoxy-N-ethyl-dithiocarbamato)nitride technetium-99m

radiopharmaceutical have been listed in Table 5. Highly reactive compounds are related to the

| A
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molecular structures with low HOMGLUMO energies gap. The lower the HOMQMO energies
gap, the easier the electron transition occurs [229]. It can be seenrbm the data of the Table 5 and
density of states (DOS) graphs (Figure 5) that the reactivity order of molecular structures is: anti
99mTc-N(NOEty(1.08 eV) >synrexo-9mTc-N(NOEtk(1.24 eV) >synrendo-*mTc-N(NOEty(1.65 eV).
The molecular electrostatic poential (MEP) graphs of the molecular structures (Figure 6) show
how the density of electrons is distributed on the molecules. In these graphs, the red and blue loops
are related to the electronrrich and electron-poor segments, respectively. The MEP graplirsdicate
that the electron-rich regions of the mokcules are TeN and TeS bonds.This shows that the

T OAT ATPEEIT EA OAA CATEOIMOR)Adomeads. 30 A thrée mteEUEStructures
are stable.The relative stability of compounds is congitent with their binding energies [30-35].
Table 6 collects the binding energies data of the structures. We can easily see from the data that the
relative stability of the studied molecular structures is: anti-29mTc-N(NOEtp>syn-endo-99mTc-
N(NOEtyr>syn-exo-92mTc-N(NOEty. So, the 99mTc-N(NOEt): nuclear medicine prefers the anti

position of ligands.

Table 5. Frontier molecular orbitals (FMOs) energies data of the molecular structures.

Isomers HOMO (eV) LUMO (eV) GAP (eV)
anti-*mTc-N(NOEt) -6.280 -5.200 1.080
Synendo-%mTc-N(NOE), 26.420 ~4.770 1.650
Synexo-29mTc-N(NOEt) -6.120 -4.880 1.240
Table 6. The binding energies data of the Isomers 3% j EAAIL ]

anti-9mTc-N(NOEt), 972798.490
molecular structures. Synendo-%nTc-N(NOE) 972793.244
Synexo-29mTc-N(NOEt) 972792.853
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Figure 5. The density of states (DOS) graphsé&¥™Tc-N(NOEt), isomers.

Figure 6. The molecular electrostdic potential (MEP) graphsofomTc-N(NOEt), isomers.
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Spectral study of the 99mTc-N(NOEt), isomers

There are several spectroscopic techniques which can be used to identify organic molecules:
infrared (IR), mass spectroscopy (MS), UVisible spectroscopy (UWis) and nuclear magnetic
resonance (NMR) [3638]. Figures 79 are related to the CD, IR and UVis spectra, respectively.
Circular dichroism (CD) spectroscopy is a light absorption spectroscopy method that measures the
difference in absorbance of rightand left-circularly polarized light (rather than the commonly used
absorbance of isotropic light) by a substance. The CD of molecules is measured over a range of
wavelengths and is used to chiral molecules of all types and sizes. Measurements performethim
ultra-violet and visible regions of the electramagnetic spectrum monitor electronic transitions,
and, if the molecule under study contains chromophores then one circularly polarized light (CPL)
state will be absorbed to a greater extent than the othesind the CD signal over the corresponding
wavelengths will be nonzero. A CD signal can be positive or negative, depending on whethe€PBL

is absorbed to greater extent than FCPL (CD signal positive) or to a lesser extent (CD signal
negative) [39-43]. Sq It can be seen from the graphs of the Figure 7 that the ati"Tc-N(NOEt)
and syn-exo-92mTc-N(NOEt), structures show RCPL state and the syendo-%omTc-
N(NOEtpmolecular structure indicates L-CPL state.
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Figure 7. The CD spectrao?mTc-N(NOEt), isomers.

Figure 8 shows the IR spectra of the molecular structures under study. Here, the main harmonic

frequencies (cm?) of the structures are discussed.



Mehdi Nabati Page|233

anti ] u

50

IR activity
-
o
=3

150+

| — IR spectrum scaled by 1.nononn|

200 L L
4000 3500 3000 2500 2000 1500 1000 500 o
Frequency (cm™')

20} | syn-exo

0 T T T -
W syn-endo
50F

200

IR activity

= =

I o

=] =]
T

IR activity
5 ©
g8 &

-
r
o

-
B
o

160

[— 1R spectrum scaled by 1.000600] | — IR spectrum scaled by l.ouoooo]

2?40000 3500 3000 2500 2000 1500 1000 500 o] 1%%00 3500 30‘00 2500 2000 1500 1000 500 0
Frequency {cm~') Frequency (cm™")

Figure 8. The IR spectra ofP9"Tc-N(NOEt), isomers.

anti-9mTc-N(NOEty: 28.13, 51.89, 78.82, 86.58, 946, 111.55, 136.47, 140.74, 149.21, 152.88,
160.69, 180.74, 187.17, 192.71, 244.67, 259.54, 277.43, 286.79, 302.07, 302.53, 309.32, 325.57,
333.01, 341.44, 343.94, 366.44, 383.84, 398.45, 403.92, 424.67, 450.34, 479.49, 510.84, 518.27,
558.85, 711.65, 73835, 743.01, 813.84, 821.69, 837.87, 852.13, 855.68, 859.56, 863.07, 926.22,
929.88, 996.58, 1022.97, 1047.79, 1055.74, 1115.80, 1116.82, 1123.93, 1133.39, 1155.10, 1159.67,
1166.55, 1182.19, 1187.06, 1189.77, 1203.64, 1204.86, 1207.89, 1213.11, 1228.830Q.72,
1306.03, 1306.43, 1339.96, 1356.64, 1362.29, 1410.47, 1426.99, 1430.79, 1436.55, 1446.71,
1453.75, 1457.39, 1458.06, 1510.17, 1510.32, 1512.34, 1516.74, 1518.29, 1525.32, 1530.11,
1531.22, 1538.41, 1538.77, 1556.46, 1557.08, 2977.28, 2977.47, 2982. 2994.61, 3009.45,
3010.91, 3011.41, 3014.22, 3014.99, 3025.85, 3040.59, 3044.83, 3067.34, 3081.31, 3091.98,
3100.59, 3101.54, 3103.81, 3104.54, 3108.13, 3112.08, and 3115.22.

syn-endo-2°"Tc-N(NOEt): 43.44, 52.82, 83.80, 88.00, 96.80, 111.10, 115.7@0191, 140.08, 145.92,
162.65, 179.13, 190.33, 193.79, 252.77, 259.49, 280.71, 287.60, 297.37, 300.54, 307.73, 313.18,
336.44, 341.21, 346.62, 359.10, 388.46, 397.63, 410.94, 426.23, 455.37, 481.60, 516.25, 530.45,
530.66, 730.99, 779.76, 784.55, 809.36,28.66, 827.95, 952.93, 861.17, 861.88, 867.49, 930.44,
932.81, 996.11, 1023.72, 1053.83, 1091.03, 1116.48, 1117.04, 1124.77, 1145.70, 1161.94, 1164.58,
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1183.37,
1306.52,
1451.43,

1186.92, 1188.08, 1205.56, 1207.02, 1207.23, 1214.62,
134097, 1345.84, 1360.11, 1367.14, 1409.93, 1428.06,
1457.26, 1457.41, 1509.42, 1510.44, 1510.71, 1517.86,
1531.21, 1538.38, 1538.53, 1556.46, 1559.31, 2957.30, 2989.15,
3011.93, 3012.10, 3015.01, 3032.16, 3032.90, 3039.90, 3048.29,
3101.30, 3102.76, 3103.04, 3104.26, 3105.28, 3111.90, and 3112.04.
syn-exo-9mTc-N(NOEt)y: 29.99, 51.21, 86.03, 86.33, 88.35, 93.12, 97.17, 126.83, 144.69, 150.31,
161.38, 185.05, 195.39, 220.45, 259.88, 276.31, 279.47, 283.50, 284.04, 301.14, 303.02, 313.90,
332.13, 340.61, 348.76, 367.66, 381.10, 388.01, 401.81, 422.56, 438.16, 507.04, 516.68, 525.62,
561.08, 626.41, 750.18, 777.51, 814.56, 827.28, 841.64, 853.70588, 862.88, 864.02, 930.33,
935.82, 996.89, 1004.92, 1055.37, 1085.46, 1100.24, 1117.57, 1118.49, 1124.95, 1126.26, 1161.26,
1166.84, 1184.30, 1185.69, 1191.62, 1197.36, 1206.15, 1208.05, 1209.39, 1230.20, 1251.77,
1304.13, 1312.17, 1339.94, 1362.44, 13641, 1409.85, 1411.33, 1430.00, 1436.51, 1445.62,
1448.10, 1457.03, 1460.30, 1510.12, 1511.33, 1516.16, 1517.19, 1524.24, 1524.42, 1530.55,
1531.70, 1535.93, 1539.06, 1554.33, 1558.58, 2837.07, 2979.84, 2985.99, 2998.21, 3009.70,
3010.11, 3010.84, 3014.15 3023.51, 3038.15, 3043.77, 3057.04, 3065.06, 3083.43, 3090.74,
3098.40, 3100.43, 3103.21, 3105.39, 3107.97, 3110.56, and 3114.61.
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The UMWVis spectrum is one of the most important methods in determiing the chemical properties

of organicinorganic compounds [4447]. Here, the electronic transitions of the studied molecular
O0OOOAOO0OAO AOA AEOAOOOAA | &ECOOA wqQs8 '11 OEOAA
violet wavelengths region.

anti -99mTc-N(NOEt).: UV-Vis [wavelength of electronic transition (nm), energies (cm -1),
electronic transitions]:

a. 3424.008 nm (2920.554cnt), HOMGL to LUMO (15%) and HOMO to LUMO (42%)

b. 2480.163 nm (4031.993crt), HOMGL1 to LUMO (49%) and HOMO to LUM@B8%)

c. 1400.625 nm (7139.669cm), HOMG2 to LUMO (74%)

syn-endo-22mTc-N(NOEt),: UV-Vis [wavelength of electronic transition (nm), energies (cm  -1),
electronic transitions]:

a. 1571.598 nm (6362.076cnt), HOMGL to LUMO (23%) and HOMO to LUMO (66%)

b. 983,761 nm (10165.076cmt), HOMGL1 to LUMO (59%) and HOMO to LUMO (19%)

c. 942.982nm (10604.651cnt), HOMG3 to LUMO (62%), HOME to LUMO (22%), HOM& to
LUMO (2%) and HOMEL to LUMO (3%)

syn-exo-29mTc-N(NOEt).: UV-Vis [wavelength of electronic transition (  nm), energies (cm -1),
electronic transitions]:

a. 2534.928 nm (3944.885cnt), HOMGL to LUMO (20%) and HOMO to LUMO (55%)

b. 1849.393 nm (5407.178cmt), HOMGL1 to LUMO (59%) and HOMO to LUMO (33%)

c. 1357.531nm (7366.312cnt), HOMG2 to LUMO (84%)

Conclusion

The main aimof the present paper is to discuss the stability, reactivity, structural and spectral
properties of the anti, synendo and syrexo isomers of bis{V-ethoxy-N-ethyl-
dithiocarbamato)nitride technetium-99m radiopharmaceutical. The study was conacted based on
the quantum-mechanical computations. The studied molecular structure was optimized by
B3LYP/ccpVDZ basis set of theoryThe Lanl2DZ basis set was used for the computation of
technetium-99m radionuclide. From the computations and mathematichcalculations, the following

conclusions were drawn.

EC

08 4xi jAOEI @Uj AOEUI QAT ET 1 Qi AOEAT AAEGE®®ET | ECAT AO
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2. ThechangesinT¢ AT T A 1 AT COE 1T £ OEA EOI | AO®boAddeAdthd O OAT C
of the structures are high. The changes in T8 bond lengths are due to the spatial positioning of
ethoxy(ethyl)amino groups on ligands.

g8 11 OEOAA EOI | Adguarkd pyréntidalstiiéibe. OUT | AOOEA

4. The differences in the chemical properties of the isomerof9mTc-N(NOELt), radiopharmaceutical

AAT 860 AA OAN#&OES bodiordéds= A 4 A

5. The d orbitals of technetium atom play the main role to make the bonds with nitrogen and sulfur

atoms.

6. The reactivity order of molecular structures is: anti-9mTc-N(NOEthr>syn-exo-9mTc-
N(NOEtyr>syn-endo-22mTc-N(NOEt).

7. All three molecular structures are stable but the relative stability of the studied molecular

structures is: anti-#9mTc-N(NOEt,>syn-endo-29mTc-N(NOEty>syn-exo-22mTc-N(NOEt),.

8. Thenucleoptt | EA OAACAT OO TAMNGED is@hrB AO xEOE

9. From the CD spectra, the ant#mTc-N(NOEt), and synexo-22mTc-N(NOEt) structures show R

CPL state and the syendo-22mTc-N(NOEt), molecular structure indicates L-CPL state.

10. All three isomersd T § © OET x AT U Al AAOOT T EA OOAT OEOEIT AOQ (
Acknowledgements:

The corresponding author is grateful to Mr. HosseinAbbasi for providing valuable suggestians

References

[1]. Nabati M., Mahkam Miran Chem. Commun., 2014, 2:129

[2]. Fagret D., Ghezzi C., Vanzettq.Q®lucl. Med., 2001, 42:1395

[3]. Hatada K., Riou IM., Ruiz M., amamichi Y., Duatti A., Lima R.L., Goode A.R., Watson D.D., Beller
G.A., Glover D.K.Nucl. Med., 2004, 45:2095

[4]. Nabati M.Iran. J. Org. Chem., 2017,9:2045

[5]. Takahana K., Beller G.A., Ruiz M., Petruzella F.D., Watson D.D., Gla¥ef. Ducl. Med., 2001,
42:1388

[6]. Nabati M., Salehi Hran. J. Org. Chem., 2017,9:2013

[7]. Nabati M., Mofrad MH., Kermanian M., Sarshar San. J. Org. Chem., 2017,9:1981

[8]. Nabati M., Kermanian M., Maghsoudle®lahalli A., Sarshar Sran. J. Org. Chem., 2017,9:2067

[9]. HernandezValdes D., Blancd@sonzalez A., Garcigleitas A., RodrigueRiera Z., Meola G
Alberto R., JaureguHaza UJ. Mol. Graph. Model,, 2017,71:167

[10]. Lamb J., Holland B.J. Nucl. Med., 2018,59:382



Mehdi Nabati Page|237

[11]. Dijk J.D.V., JagerIR, Gch J.A.C.V., Dalen J.AYucl. Med., 2017,58:518

[12]. Nabati M., Kermanian M., Mohammadied-Mehrabani H., Kafshboran HR., Mehmannavaz M.,
Sarsha S.Chem. Method., 2018, 3:132

[13]. Nabati M.Chem. Method., 2017,2:128

[14]. HernandezValdes D, Alberto R., Jauregtiiaza URSC Adyv., 2016, 6:107127

[15]. Nabati M.Iran. J. Org. Chem., 2018,10:2291

[16]. Renaud M., Yip K., Guimond J., Trottier MPibarot P., Turcotte E., Maguire C., Lalonde L.,
Gulenchyn K., Farncombe T., Wisenberg G., Moody Je Be, Port S.C., Turkington T.G.,
Beanlands R.S., DeKemp/RJ. Nucl. Med., 2017,58:103

[17]. Nabati M., MaghsoudloeéMahalli A., MohammadnejaeéMehrabani H., Movahedlazehkand H.
Iran. J. Org. Chem., 2018,10:2281

[18]. Cittanti C., Uccelli L., Pasquali M., Boschi A., Flammia &gaBn E., Casali M., Stabin Gl, Feggi
L., Giganti M., Duatti A. Nucl. Med., 2008, 49:1299

[19]. Nabati M., MaghsoudloéMahalli A.Iran. J. Org. Chem., 2017,9:2239

[20]. Bolzati C., Cavazz@eccato M., Agostini S., Refosco F., Yamamichi Y., Tokunaga S., Carta D.,
Salvarese N., Bernardini D., Bandoli Bioconjugate Chem., 2010, 21:928

[21]. Nabati M., MohammadnejaeMehrabani H.Iran. J. Org. Chem., 2017,9:2117

[22]. Maria L., Sares M., Santos I.C., SousdRV.Mra E., Marcalo J., Luzyanin K.Dalton Trans.,
2016,45:3778

[23]. Nabati M., Mahkam MOrg. Chem. Res., 2016, 2:70

[24]. Nabati M.Iran. J.Org. Chem., 2016, 8:1935

[25]. Nabati M., Mahlem M.J. Phys. Theor. Chem., 2015,12:121

[26]. Nabati M.J. Phys. Theor. Chem., 2015, 12:325

[27]. Nabati M.J. Phys. Theor. Chem., 2017,14:49

[28]. Nabati M., Mahkam M Phys. Theor. Chem., 2015, 12:33

[29]. Nabati M., Mahkam M., Atani &.J. Phys. Theor. Chem., 2016, 13:35

[30]. Nabati M.J. Phys. Theor. Chem., 2016, 13:133

[31]. Moura C., @no L., Mendes F., Raposinho P.D., Abrantes A.M., Botellto, antos I., Paulo A.
Eur. J. Med. Chem., 2012,50:350

[32]. Nabati M., Mahkam MInorg. Chem. Res., 2016, 1:131

[33]. Nabati M., Mahkam MSilicon, 2016, 8:461

[34]. Nabati M.Iran. J. Org. Chem., 2015, 7:1631

[35]. Qian W., Zhang W., Zong H., Gao G., Zhou Y., ZhgngdZ .Model,, 2016, 22:9



Insight into thestability, reactivity, structurad Page|238

[36]. Nabati M.Iran. J. Org. Chem., 2015, 7:1669

[37]. Nabati M.Iran. J. Org. Chem., 2016, 8:1703

[38]. Nabati M., Hojjati MlIran. J. Org. Chem., 2016, 8:1777

[39]. Nabati M.Iran. J. Org. Chem., 2016, 8:1803

[40]. Nabati M.Iran. J. Org. Chem., 2016, 8:1817

[41]. Maurer RI., Blower P.J., Dilworth B., Reynolgd C.A., Zheng Y., Mullen ®E]. Med. Chem.,,
2002,45:1420

[42]. Gancheff J., iemer C., Kremer E., Ventura B.J. Mol. Struct: THEOCHEM, 2002,580:107

[43]. Okoye C.M.]J. Phys: Condens. Matter., 2003, 15:5945

[44]. Zhang Y., Sun Y., Xu X., Zhang X., Zhu H., Huang L., Qi Y., Bkl \XChem., 2010, 53:3262

[45]. Banerjee P., Sprouless., Weyhermuller T., George 3, Wieghardt K.Inorg. Chem., 2009,
48:5829

[46]. Gong Y., Zhou MANndrews L.Chem. Rev., 2009, 109:6765

[47]. Sproules S., Benedito E., Bill E., Weyhanuller T., George ®., Wieghardt K.Inorg. Chem.,
2009, 48:10926
How to cite this manuscript: Mehdi Nabati* Insight into the stability, reactivity, structural
and spectral propetiies of the anti, synendo and synexo isomers of bis{V-ethoxy-N-ethyl-
dithiocarbamato)nitrido technetium-99m [99mTc-N(NOEt)] radiopharmaceutical. Chemical
Methodologiesc (3), 2018, X,0-20y1 DOI:10.22631/chemm.2018.125281.1043




