CONIINE, QUANTUM-CHEMICAL CALCULATION
AND ITS APPLICATION IN AIR PURIFICATION
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For the first time the geometric parameters, electronic and UV spectrum of the title compound were calculated
by M062X/6-311+G* method. The intermolecular interaction between the molecules Coniine and CO has been
explained. The Coniine is a powerful absorber of CO air has been found.

Briepsble HaliIeHbl TEOMETPUUYECKHUE IIAPAMETPBI MOJIEKYJIbI KOHUMHA, PACCUMTAH IEKTPOHHBIN U YD-CIIEKTp KO-
HUMHA HeaMIuprueckuM MetoroM M062X/6-311+G*. YcTaHOBICHO MEKMOJICKYIIIPHOE B3aUMOJICHCTBUE MEXKITY MO-
nexynamu konuuHa 1 CO Bo3myxa. YCTaHOBIIEHO, YTO KOHUWH SIBJIsIETCS MOIIHBIM orioturenieM CO Bozmyxa.
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In this work, the non-bonded interaction between C,H N with the CO was studied using DFT calculations in the gas
phase and solvent water [Fig.]. The quantum chemical calculations have been carried out to optimized optimize the com-
pound C,H N and complex C,H ,N/CO using the DFT method (M062X) with the 6-311+G* basis set by Gaussian 09W
software [1]. The Polarized Continuum Model (PCM) [] was used for the calculations of solvent effect. The adsorption

energy (E ) [2,3] of the investigated molecular systems was calculated using the following equation:
E ,=ECH N/CO—[ECH N + ECO] €))

8717
Where, EC.H,_JN/CO, EC,H N and ECO are energies of the C;H N with the adsorbed CO, compound C,H N and the
CO, respectively.

The molecular orbital (MO) calculations of the investigated compounds such as EHOMO, ELUMO, energy gap be-
tween LUMO and HOMO (Eg=ELUMo-EHOMO) were also performed. The optimized molecular structures, HOMO, LUMO
and MEP surfaces were visualized using GaussView 05 program.

The other electronic properties of the title compounds such as the ionization potential (I=-E,, ), electron affinity
(A=-E_,;0)> global hardness (n=I-A/2), electronegativity (y=I+A/2), electronic chemical potential (u=-(I+A)/2), electro-
philicity (o=p2/2n) and chemical softness (S=1/2n) [4], natural charges and dipole moment were calculated.

Also, the interaction effects of the molecule CO with C.H N on the natural charge and the chemical shielding ten-
sors [4] such as chemical shift isotropic (CSI) and chemical shift anisotropic (CSA) were investigated. The CSI and CSA
parameters were calculated using following equations, respectively:

CSA (ppm) = (c11 + 622 + 633)/3 (2)

CSI (ppm) =033 - (o1l + 622)/2 3)

The three parameters such as 611, 622, 633 show chemical shielding interaction in three dimensions. TD-DFT meth-

od [2] was used for the calculation of electronic transitions of the molecule C.H N and the complex C;H,_N/CO in the gas

phase and solvent water. The electronic structure of the mentioned compounds was also studied by using NBO analysis [3]
at the M062X/6-311+G* level of theory in order to understand hyperconjugative interactions and charge delocalization.

At first, we have considered various states for interaction between the C8H17N with the CO. In the first step, all

the states were computed by PM6 method. According to the calculated energies, we selected the most stable state for the



interaction between C8H17N and CO with the lowest energy value. Then, we have optimized the molecules CSH17N, CO
and complex C8H17N/CO using M062X/6-311+G* level of theory in the gas phase and solvent water.

Figure=Molecular electrostatic potential (MEP) surfaces of the molecule CH N
and complex CH _N/CO calculated using M062X/6-311+G* method

Geometrical parameters play an important role to interpret the non-bonded interaction between molecules. The the-
oretical bond lengths of optimized C;H N and complex C,H,JN/CO in the gas phase and solvent water are reported in
Table 1. As can be seen from Table 1, some geometrical parameters of C;H N are changed after the adsorption of CO over
C.H N and the formation of the complex C,;H N/CO, although these changes are not significant.

The quantum molecular descriptors for the investigated compounds such as ionization potential (), electron affinity
(A), global hardness (7), electronegativity (y), electronic chemical potential (L), electrophilicity (@) and chemical softness
(S) are listed in the Table 4. The energy of HOMO is directly related to the ionization potential (), while the energy of
LUMO refers to the electron affinity (A). The global hardness (7) corresponds to the energy gap between HOMO and
LUMO. A molecule with a small energy gap has high chemical reactivity, low kinetic stability and is a soft molecule,
while a hard molecule has a large energy gap [].

As shown in Table 4, the global hardness values of the molecule C;H.N and complex C;H 'N/CO in the gas phase
are 4.06 eV and 4.08 eV, respectively. After the adsorption of CO on the molecule C,H, N, the global hardness value of
the complex is increased rather than isolated C;H  N; therefore, the complex has a low chemical activity, high chemical
stability and it is a hard system. The global hardness values of the molecule C;H,.N and complex C,H, N/CO in the sol-
vent water are 4.12 eV; on the other hand, the global hardness of the compound C;H N in the interaction with CO in the
solvent water is not changed. Therefore, the complex C.H .N/CO in the gas phase has a high chemical activity, low chem-
ical stability and it is a soft system rather than complex in the solvent water. Thus, it is found that the adsorption of the
molecule carbon monoxide on C;H N in the gas phase and solvent solvent changes electronic properties of the complex.

After non-bonded interaction of carbon monoxide with C.H,.N, the dipole moment value of C.H N are is increased
from 0.93 to 1.30 in complex in the gas phase; and the dipole moment value of C8H17N are is increased from 1.55 to
1.70 in complex in the solvent water. The change of dipole moment after adsorption of CO over C;H, N indicates a charge
transfer between carbon monoxide and the C.H, N. The atomic charges have a significant role on physical properties
such as molecular polarizability, dipole moment, electronic structure and related properties of molecular systems [2]. The
charge distributions (NBO charges) for equilibrium geometry of the molecule C.H, )N and complex C.H N/CO were
calculated using M062X/6-311+G* level of theory.

NBO analysis is an important method for studying intra- and inter-molecular bonding and interaction between bonds
in molecular systems [4]. The electron delocalization from donor orbitals (full NBOs) to acceptor orbitals (empty NBOs)
describes a conjugative electron transfer process between them [3].The stabilization energy (E®) describes the amount
of the participation of electrons in the resonance between atoms of the molecular system [1].The bigger E®, the more
donation tendency from electron donors to electron acceptors [4].The NBO analysis for complex C8H17N/CO has been
carried out by M062X/6-311+G* level of theory in the gas phase and solvent water. The results of NBO analysis are
reported in Table 3. According to results of NBO analysis, the c—c* transitions from C,H N to CO take place as o(C1-
H11)—0*(C27-028) interaction with stabilization energy (E®) about 0.08 kcal/mol, in both pas phase and solvent water.
The n—c¢* and n—* transitions from C;H, N to CO also occur in complex C;H, N/CO. According to results, lone pairs
(n) of the nitrogen atom (N6) in the compound C,;H N overlaps with the anti-bonding orbital 6* of CO that are including



nl(N6)—c*(C27-028) in the gas phase and solvent water with stabilization energies (E®) of 0.12 kcal/mol and 0.13, kcal/
mol, respectively. The electron charge transfer takes place from lone pairs of the N6 atom in the C;H, N to the two an-
ti-bonding orbital n* of CO that are including n1(N6)—n*(C27-028) with stabilization energies (E®) 0.35 kcal/mol,
0.84 kcal/mol in the gas phase and 0.28 kcal/mol, 0.68 kcal/mol in solvent water. The obtained results indicated that the
n—c* transitions from CO to C,H N take place in gas phase as n1(C27)—c*(C1-H11), n1(C27)—c*(C2-H13) inter-
actions with resonance energies values (E®) about 0.30 kcal/mol and 0.16 kcal/mol respectively; whereas in the solvent
water, n1(C27)—c*(C1-H11), n1(C27)—c*(C2-H12), n1(C27)—c*(C2-H13) transitions take place with stabilization
energies (E®) of 0.30, 0.06, 0.22 kcal/mol, respectively. Thus, CH N and CO acts as both electron donor and electron
acceptor; therefore, charge transfer takes place between C;H N and CO in the complex C,H, JN/CO.

Molecular electrostatic potential (MEP) maps display the electronic density in the molecular systems and they are
utilized to detect positions of positive and negative electrostatic potentials surfaces with different colors. In MEPs, the
negative sites with the high electron density have red, orange or yellow colors that were related to electrophilic reactivity,
whereas the positive regions with low electron density have blue color and they were related to nucleophilic reactivity
and green color was used for neutral regions. The MEPs of the molecule C;H .N and complex C;H ;N/CO were obtained
by theoretical calculations using the M062X/6-311+G* level of theory in the gas phase and solvent water and the charge
distribution was studied by MEP calculations. As seen from the MEP maps of the C.H N in both gas phase and solvent
water, the N6 atom with red color has the highest electron density; whereas after adsorption of the carbon monoxide on
CH N, the N6 in complex C;H ,N/CO has not red color due to the interaction between N6 of C.H N with CO. As seen
from the MEP maps of the complex C;H .N/CO in both gas phase and solvent water, the H19 atom (N6-H19) of piperidine
ring has the lowest electron density (blue) and it contains more electropositive atoms than the hydrogen ones; therefore,
it is recognized as the acidic hydrogen atom. Also, the 028 atom of carbon monoxide at the complex C;H ,N/CO has the
highest electron density. Green color confirms the neutral part and zero potential of the title compound.

We have calculated the NMR parameters such as chemical shift isotropic (CS') and chemical shift anisotropic (CS*)
for atoms in the molecule CH /N and complex C;H N/CO using the M062X/6-311+G* level of theory in the gas phase
and solvent water. The electronic density affects the electrostatic properties of atoms. The adsorption of carbon monoxide
over CH N changes the electronic densities of atoms and NMR parameters. The results of the chemical shift tensors
(ppm) are summarized in Table 5. The calculated results show that the values of the CS! for the C1, C2, C4, N6, C7, H11,
H16, H20, H23, H24 atoms of the molecule C8H17N in the gas phase are 158.85, 137.59, 153.85, 185.20, 143.32, 30.61,
31.10, 30.70, 30.82, 31.03 ppm, respectively, whereas after the adsorption of CO on CH N was estimated about 159.08,
138.61, 154.28, 182.36, 143.89, 30.40, 30.99, 30.50, 30.77, 30.92 ppm, respectively. For the molecule C.H /N in solvent
water, the CS! values of the C1, C2, C4, N6, C7, H11, H16, H19, H20, H22 atoms are 158.85, 137.58, 153.76, 185.79,
143.26, 30.74, 31.21, 31.30, 30.85, 31.09 ppm, respectively, but these values after the adsorption of carbon monoxide
over Coniine, change to 159.38, 138.68, 154.02, 183.65, 143.67, 30.50, 31.17, 31.44, 30.73, 31.10 ppm, respectively. The
change in the values of CS' and CS* for other carbon and hydrogen atoms of the compound C,H /N also observed after
a non-bonded interaction with CO.

We have calculated the UV spectra of the molecule C.H N and the complex C,H, \N/CO in the gas phase and sol-
vent water using TD-DFT calculations at M062X/6-311+G* level of theory with considering 20 excited states in order to
investigate adsorption effect of the title carbon monoxide over C;H N on the & . The computed results are represented
in Tables 6,7, that indicate the &, oscillator strength (f), and excitation energies (E).

The computed analysis of the UV spectrum for the molecule C;H N in the gas phase exhibits A at 190 nm
(f=0.065) (see Table 6). The charge transfer at A= 190 nm is related to the excited state S;—S, with five electron
configurations such as H—L+3 (80%), H—L (3%), H—L+2 (4%), H—>L+7 (3%), H>L+8 (2%), in which the main
transition is involved with the transition from HOMO to LUMO+3 [H—L+3 (80%)]. The other excited states of C.H ;N
have very small intensity and do not play any role in the formation of electron spectrum of the title compound (Table 6).
The calculated electronic absorption spectrum of C,H N in the gas phase is shown in Fig. 6. With the adsorption of carbon
monoxide on the C;H N in the gas phase, A observe at 195 nm (f=0.086). The charge transfer atA_ = 195 is related to
the excited state S)—S, and is defined by seven configurations including H—L+2 (10%), H—L+3 (14%), H—L+5 (46%),
H—L (9%), H—>L+1 (8%), H—>L+10 (4%), H—>L+11 (2%) (Table 6), in which the main transition is involved with the
transition from HOMO to LUMO+5 [H—L+5 (46%)]. The other excited states of C;H, /N/CO have very small intensity
and do not play any role in the formation of electron spectrum of the title compound (Table 6). The calculated electronic
absorption spectrum of the complex C.H N/CO.

In the present work, the non-bonding interaction of the compound Coniine with carbon monoxide at the M062X/6-
311+G* level of theory has been studied for the first time. The adsorption energy of CO over C,H, N in the gas phase
(-2.67 €V) is greater than solvent water (-1.33 eV). It is found that some geometrical parameters of C;H, N are changed
after adsorption process due to the formation of intermolecular non-bonded interaction. NBO analysis predicted a charge
transfer from the molecule C;H, /N to CO and from CO to C,H, N. It was found that the electronic properties of the mol-
ecule C,H N are sensitive to the adsorption of the CO. As a result, the quantum molecular descriptors are changed at
adsorption process. The complex C,H, N/CO in the gas phase has a high chemical activity, low chemical stability and it
is a soft system rather than complex in the solvent water. The atomic charges and chemical shift tensors were changed by

the adsorption of the CO over the compound C,H,_N. The non-bonded interaction between the C.H, N and CO is changed



the value of &, . Therefore, C;H )N may be used for development of filters in order to adsorption of carbon monoxide as
environmental pollution.
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THE ROLE OF CHAPERONES IN DIABETES MELLITUS
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ITarrepoHBI — YHUKaIBHbIE PEMOJIETUPYIOLIE OSIIKHU, YHaCTBYIOIIHE BO MHOXECTBE BHY TPHKIICTOYHBIX COOBITHIA,
BOBJICYECHHBIE B ITPOLIECCHI KOPPEKLHUHN CTPYKTYPBI OSIIKOB, IPEAOTBPALICHHS arperallii HENPaBHILHO CBEPHYTHIX Oell-
KOB, pa3pyIlICHHs OCJIKOBBIX arperaroB, a TAKKe pa3BOpauyMBaHMS HATUBHBIX OEJIKOB-MHILIECHEH I TPAHCIOKANH UX
yepe3 MeMOpaHsl. KpoMe Toro, manepoHs! y4acTBYIOT, Kak B pa300pKe aKTUBHBIX OJTMTOMEPHBIX CTPYKTYP O COCTOSTHHUS
HEaKTHBHBIX Pa3BEPHYTHIX MOHOMEPOB ISl MX IOCIIEIYIOLICH IPOTEOINTHISCKOI IeTpalaliiy, TaK ¥ B (JOPMUPOBAHHUH
crerUUecKrX KOMIUIEKCOB 1 OETTKOBBIX aHcamoOne. B 0630pe 06001IeHBI CBEICHNUS O CTPOCHUH B (PYHKITOHHPOBA-
HHY MOJICKYIISIPHBIX IIariepoHoB Hsp70 1 uX poiu B pa3BUTHHU caXxapHOTo JuabeTa 2 M ero OCIOKHEHH.

Chaperones are unique remodeling proteins that participate in a variety of intracellular events and are involved
in the protein structure correction process, preventing aggregation of incorrectly folded proteins, destroying protein
aggregates, and deploying native target proteins to translocate them across membranes. In addition, chaperones are
involved both in the disassembly of active oligomeric structures to the state of inactive expanded monomers for their
subsequent proteolytic degradation, and in the formation of specific complexes and protein ensembles. The review
summarizes information about the structure and functioning of Hsp70 molecular chaperones and their role in the
development of diabeta type 2 and its complications.

Knroueswvie cnosa: Hsp70, caxapusiit muabet (CI), nHCYIHH, 3-KIETKH.
Keywords: Hsp70, diabetes mellitus (DM), insulin, B-cells.
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Caxapusiit quader (nanee — CJl) 1 ero ocIoXHEHUS ABISIOTCS OJHON U3 CEPhEe3HEHIINX MEIIKO-COIHAIbHBIX
1 SKOHOMHMYECKHX MPOo0OIeM COBPEMEHHOTO 3/ipaBooxpaHeHus. [1o nanubpiM MexxayHapoHoi nnadetndeckoil deme-
paruu, B HacTositiee Bpemst B mupe CJ] 6onerot okosto 366 mutH yenosek, 1 k 2030 . ata nudpa npeBbICUT 552 MIITH Ye-
JIOBEK, B OCHOBHOM 3a cueT 0oabHbIX CJ12 Trma (C2). Y 6onbHbix ¢ CJ12 HaOMIOMACTCSA YMECHBIIICHHAS DKCIIPECCHUS
reHoB Oenka TeraoBoro moka HSP70, aro koppenupyer co CHUIKEHHON 9yBCTBUTEIBHOCTHIO K HHCYJIUHY. DTO CTH-
MYJIHPOBAIIO MOSBICHIE HCCIEIOBAHUH C IIETBI0 YCTAaHOBICHUS BOZMOKHOCTH MCTIOIB30BaHUS IIPEIIapaToB U METO-
JI0B cTUMYyIupoBaHus sKkcripeccut HSP70 aiist 3amiutsl OT pa3BUTHS PE3UCTEHTHOCTH K MHCYAUHY [1]. [laneponst
— YHUKaJbHBIC PEMOJICIUPYIOIINE OCIKH, YIacTBYIONIIME BO MHOXXECTBE BHYTPUKJIETOUHBIX COOBITHI, BOBJICUEHBI
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