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Abstract: The Cr(lll) and V(IV) complexes of 3-methylpicolmiacid (3-mpaH) were
synthesized. The XRD and LC-MS/MS were performeddtermine experimental geometric
structure of the synthesized complexes. Their exyggrtal spectral analyses were carried out
by FT-IR and UV-Vis spectra. Their-glucosidase activities were also evaluatéte
synthesized Cr(lll) and V(IV) complexes exhibitedjlucosidase inhibitory activity with the
ICso values of >60QuM. Furthermore, the optimal molecular structurergetries, vibrational
frequencies, electronic spectral properties, réfracndex, band gap, second- and third-order
nonlinear optical (NLO) parameters of these congdexwere obtained by using
DFT/HSEh1PBE/6—-311G(d,p)/LanL2DZ level. NLO resudmonstrate that the compléx

is a promising candidate to materials with the Higdt- and second-order hyperpolarizability
values obtained at 55.3xTH and 251.0x1T° esu in ethanol solvent. The experimental
refractive index and band gap parameters were catipely presented. Lastly, NBO
analysis was fulfilled to investigate inter- andraamolecular bonding and the definition of
coordination geometries around the central metak,iaas well as the electronic charge
transfer interactions in the Cr(lll) and V(IV) colages.
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1. Introduction

The metal complexes of nitrogen-containing hetecbcyligands have been commonly
received great attention in the different fielde da their potential applications until today [1-
6]. In addition, by virtue of the structural, spesicopic and catalytic similarities to important
enzyme-substrate complexes in the human body, #sawé¢heir applications in non-linear
optics, coordination and bio-material chemistryrimas metal complexes of pyridine
derivatives have been reported [7-11]. The detezmates of metal complexes in biological
processes such as diabetes mellitus (DM) whichh&acterized by a high level of blood
glucose, are crucial. Furthermore, type 2 diab€I@POM) is expected to be one of the ten
fatal diseases in the coming years according torépert of the world health organization
(WHO). In this respect, the searches for efficiantidiabetic treatments are important to
reduce blood glucose levels and keep glucose ucalarol. It has been declared that
glucosidase inhibitors improve postprandial hypgrgimia and subsequently decrease the risk
of developing type 2 diabetes [12-14]. The desiga synthesis of the glucosidase inhibitors
with high efficiency were taken account as onehs intensive research fields due to the
therapeutic effects of the complexes with differerdtal ions on individuals suffering from
type 2 diabetes [15-20]. Although the synthesisnes®pectral properties and computational
studies of copper(ll), nickel(ll), cobalt(ll), le@d, vanadium(lV) complexes with 3-
methylpicolinic acid have been reported [21-26§réhare nar-glucosidase enzyme activity
studies of the Cr(lll) and V(IV) complexes of 3-nkbéigand in the literature. The synthesis,
characterization, electrochemical properties araobical activity study for ruthenium(ll)
complex of 2,2bipyridine with 3-methylpicolinic acid were alsolfilled [27].

It is clear from the literature that no detaileddsés have been conducted on the NLO
properties of these materials. But in recent yetaes, studies of NLO features with different
application areas such as optical communicaticioyimation storage and optical switching
have been attracted attention in optoelectronikrtelogy. Thanks to this situation, a number
of experimental and theoretical studies are caraetd[28-34].The optical nonlinearity of
organic, inorganic and organometallic compounds loanamplified either by conjugated
bonds or by binding of electron donor and accegtoups.

Some compounds especially non-centrosymmetric axgaompounds including the
electron-donor (D)eelectron acceptor (A) or A-D type structures have been extensively
investigated due to the possibility of having aagjrealue of first hyperpolarizability3) [35-
41]. But, the achieve of NLO properties for the @dewx structures containing transition
metals is a key importance because of non-centnostiic or centrosymmetric coordination
geometries around the central metal ions. It iarclbat the differences in the obtained NLO
parameters (first- and second-hyperpolarizabifityridy) could be observed in the literature
for structures with this type of coordination gedmé¢l7-20,28-31]

It could be considered that the high differencelipble moment between the ground
and excited state for the organic molecules isinbthdue to the strong intramolecular charge
transfer (ICT) originated from donor to acceptoitsithroughr-bridge [35-41]. However, the
NLO response of the donor and acceptor units artlimanetal ions acting asbridge in the
transition metal complexes could be provided toeolxs the dominant electronic transitions.
Hence, the two-state model [35-48] has been comynas#d to determine NLO response in
the donor-acceptor compounds. Moreover, these pulhzonfigurations lead to not only
reduce the HOMO-LUMO energy gap and increase th&® Nksponse, but also help to
increase asymmetrical electronic distribution amtered the absorption range to a longer
wavelength. Considering the results previously rigab for first hyperpolarizabilities
obtained by using the different theoretical apphesc(HSEh1PBE, B3LYP, M062X, CAM-
B3LYP and BHandHLYP), the HSEh1PBE/6-311G(d,p) lewas found as consistent with



the experimental results [47]. In a previous stutg, NLO parameters were calculated at the
hybrid GGA, meta-GGA, range-separated hybrid anddoRected DFT models (B3LYP,
B3PW91, M062X, HSEh1PBE, CAM-B3LYP, LC-BLYP and xB®D) in the gas phase and
methanol [49], and it is reported that the hybridtanGGA B3LYP, B3PW91 methods and
range separated hybrid HSEh1PBE level were fouraetaore comparable results than the
other M062X, CAM-B3LYP, LC-BLYP and xB97XD methodscorporating the high
amount LR-HF% exchange. These results are importantthe determination of the
calculation method in different molecular structurdn this context, according to the
previously obtained results for the different metaimplex [17-20,28-31] and organic
compounds [50-52], the HSEh1PBE method was chasethé investigating of the spectral
and NLO properties.

The main purpose of the present study is to syit@e&3r(ll) and V(IV) complexes of
3-methylpicolinic acid (3-mpaH) and come out thdaded structure-activity relations of
these complexes. The investigation of éhglucosidase enzyme activity, linear and nonlinear
optical parameters for Cr(lll) and V(IV) complexieave not been fulfilled though the V(IV)
complex of 3-mpaH was previously synthesized asdiitectroscopic (EPR, UV-vis, and IR
spectroscopy) and computational calculations wesdopmed [26]. Synthesis, structural,
chemical and bioactivity behavior for Cr(lll) corepl of 3-mpaH were carried out [53]. The
crystal structure of complek[Cr(3-mpa}] was defined by XRD spectroscopic technique and
molecular structure of complex[VO(3-mpa}] was determined by mass spectrometry (MS).
The a-glucosidase enzyme inhibition, vibrational andcelenic absorption spectra, refractive
index, as well as optical band gap parameters w&perimentally examined. To reveal
structure-activity relations, the detailed theamaltticalculations by using DFT/HSEH1PBE/6-
311G(d,p)/LanL2DZ level in the gas phase and ethaotvent were carried out for the
structural, vibrational, electronic, linear- andnAmear optical parameters of complexes
and?2. Finally, the ligand protein interactions wereatatined by molecular docking.

2. Experimental and Computational Procedures
2.1. General remarks

All chemicals used in the synthesis process of IIErdnd V(IV) complexes are
analytical grade commercial products. 3-mpaH (3hyiptcolinic acid), chromium(lIl)
nitrate nonahydrate (Cr(N@®-9H.O)) and vanadium(lV) oxide sulfate hydrate
(VOSOy'xH,0) were purchased from Sigma-Aldrich.

The single crystal X-Ray diffraction (XRD) [54-5@hd LC-MS/MS methods as well
as FT-IR and UV-Vis spectrophotometer used to amalgeometric and spectroscopic
properties of Cr(lll) and V(IV) complexes were peated in the Supplementary Material.

2.2. Synthesis of the complegeand 2 {[Cr(3-mpa)g], (1), [VO(3-mpa), (2)}.

Synthesis procedures of the complekesd?2 are as follows (Scheme 1):

To a solution of the 3-methylpicolinic acid andrtathylamine (3 mmol) dissolved in
water (15 mL) was dropped the solution of chromilibnfitrate nonahydrate (1 mmol)
dissolved in water (5 mL). This mixture was stire@dL00 °C for 1h and then evaporated for
15 days at room temperature. At the end of thi€gss, the occurred suitable single crystals
with prism-shaped for compleixwere collected. Yield: 74.6%.

The 3-methylpicolinic acid (2 mmol) and vanadium)lgxide sulfate hydrate (1
mmol) were dissolved in water (10 mL). Then an acolution (1.5 mL) of sodium
bicarbonate (0.12 M) was added to the mixture.ds stirred at room temperature for 3 h and
evaporated for 15 days at room temperature. Atktitk of this process, the powder product



for complex2 was obtained. Yield: 43.5%. Anal. Calc. fog/8:,N.OsV (complex 2): C,
49.57; H, 3.57; N, 8.26. Exact mass (m/z): 362Rdund: C, 49.43; H, 3.85; N, 8.23. ESI-
LC-MS/MS (m/z): 365.1 ([M]). Fig. S1 displays the mass spectrum of the coxrple

2.3.0-Glucosidase inhibition assay

Thea-glucosidase activities of the synthesized com@éxand2 were determined on
the basis of our previous studies [17-20]. The ittanhibition method was presented in
Supplementary Material. The determination inhilmtiactivities for the complexes and 2
againsin—glucosidase was carried out by the following erqunat

Glucosidase inhibition = [(AAs)/AJx100 (1)

where A and A are the absorbance of control and samples, régplgcitGraphpad Software
was also utilized to calculate &

2.4. Computational details

The density functional theory calculations on tbenplexesl and2 were fulfilled by
usingGAUSSIAN 09, Revision D01, [57] and GaussView 5greom [58].

The unrestricted DFT calculations were carried tart the complexesl and 2
containing Cr and V ions, respectively. The stadjén states for the complexdsand 2
including Cr and V ions are doublet. Although th®IE + DIIS method for SCF
convergence was used, no particular problems wereumtered. This method contains the
following calculation criterion: the Harris functial diagonalization for initial guess, and
convergence which stops the SCF when the RMS dewidetween elements of successive
density matrices is smaller than"1@nd the change in energy is below®.® is stated that
the <S> values for all DFT calculations were considenedHhe range 0.7500-0.7960, these
values in the gas phase and ethanol solvent acalatdd at the value of 0.7696 and 0.7714
(for complex 1), 0.7618 and 0.7616 (for comple® in the ground state calculations, as
expected. These results are accepted to be suitaldpin doublet states in the ground state
calculations. So, the obtained lowest energy sirastfor the complexesand?2 in this spin
state were used the investigation of the molequiaperties.

The optimized molecular structures and vibratiomavenumbers for the complexgs
and 2 were evaluated by using DFT/HSEh1PBE [59,60] metthro conjunction with the
combined basis set of 6-311G(d,p) [61] for C, NHXtoms and LanL2DZ [62] for Cr and V
atoms. The same methods in the gas phase and ketudwent were applied to examine the
microscopic linear polarizabilityd andAa), first- and second-hyperpolarizability andy),
refractive index i) parameters. Ther, Ao, B andy parameters were obtained by using
following equations [42-47]:

<q>= Wxx*‘l?)#“) 2)
1 2 2 1/2

Aa = {E [(axx - ayy) + (ayy - azz) + (azz - axx)z]} (3)

B = B2+ B +BHY? (4)

1
<y>= 5 [Yxxxx + Yyyyy + V2222 T Z(Yxxyy * Yoxzz )/yyzz)] (5)



where the cartesian componentsagfAa andp areayy, ayy, azz, fx = Bxxx T Bxyy t Bxzz

By = Byyy + Byxx + Byzz + Bz = Bzzz + Bzyy + Bzxx- The atomic units ofa and f are
converted to esu. 1 atomic unit (a.u.) = 0.1482%1@lectrostatic unit (esu) far and 1 a.u.
= 8.6393x10% esu forp.

In order to determine the coordination geometriesirad the central metal ions and
demonstrate the hydrogen bonding interaction, ahtoond orbital (NBO) study [63] was
performed.

The stability energye® for each donor (i) and acceptor (j) was calculdbgdthe
following equation [29,31,64,65],

© _pe o L)
E® =/, qgi_gj (6)

where ¢ and & are diagonal elements; (i, j)* is the off-diagonal NBO Fock matrix

elements, and) is the donor orbital occupancy.

So as to survey the electronic absorption waveklengoscillator strengths, major
electronic transitions of the complexgésand 2 in ethanol solvent and gas phase, the time
dependent DFT (TD-DFT) level [66] with the conduetike polarizable continuum model
(CPCM) [67] was used. After all, the molecular paeters (: Chemical hardnessy:
Electronegativity and& Chemical softness) obtained from frontier molacurbital (FMO)
energies were computed by using HSEh1PBE level. The and S parameters were
computed by following equations [28,29,68].

E -E
n= ( LUMo2 HOMO) (7)
E +E
¥ = _( HOMo2 HOMO) (8)
== 9)

n

3. Results and discussion
3.1. The structural analysis of the complekesd?2

The synthesis routes for the complexesand 2 were given in Scheme 1. The
molecular structures of the complexesind 2 were defined by X-ray diffraction technique
and mass spectrometry (MS), respectively. Fig.1 adestnates the single crystal molecular
structure and ground state optimized molecularciras of the title complexes. Crystal data
and structure refinement parameters for the compheere tabulated in Table 1. The crystal
structure of complexl is similar to crystal structure of Cr(3-mpajomplex reported
previously [53], and it crystallizes in monoclir@2/c space group (Table 1).

It is clear from Fig.1 that the coordination geometry around Cr(lll) atéon the
complex1 was determined as distorted octahedral geometrle e coordination around
V(IV) metal for complex2 was described as a distorted square-bipyramided. cbmplexi
consists ofCr(lll) central ion coordinated by three 3-mpa hda whereas the complex
comprises of the central V(IV) ion coordinated i t3-mpa ligands and an oxygen atom.



In complexl, Cr—O and Cr—N bond lengths were obtained atahge from 1.930(17)
to 1.949(19) A and the range from 2.045(2) to 2(QBQ, respectively (Table S1). In
comparison with the previous study [53], the samm@ation was observed in the present
work. Bond angles of N2—-Cr1-N3, 02-Cr1-03, O5-Crl-#ere found to be 169.8(9),
172.3(8), 171.5(9) respectively, and these angles are coherenttiitrcrystal structure of
Cr(3mpa} reported previously [53] (Table S1).

The Cr02/03/05 and CN1/N2/N3bond lengths defining five-membered chelate
rings formed by coordinating to the centers of mitas were observed at the range from
1.935(2) to 2.060(2) A. Likewise, the-»2/03 and W¥N1/N2 bond distances for the
complex2 were obtained at the range of 1.93D90 A by using HSEh1PBE level (Table
S1). These obtained results for the title complexies consistent with previously reported
picolinate complexes [17-26]. When it comes t60B-N and G-V—-N bond angles describing
five-membered chelate ring, these angles for theptexesl and 2 were found to be
77.0-82.1° range. Compared with corresponding parameters raatabefore [17-26,53], it
could be stated that a good agreement between dhd lengths and angles around the
coordination environment of metal ions for the ctemps 1 and 2 despite metal ion and
coordination differences.

The natural bond orbital (NBO) results for the céemps 1 and 2 obtained at the
HSEh1PBE/6-311G(d,p)/LanL2DZ level display that tineractions between bonds, the
coordination environment of Cr(lll) and V(IV) ionas well as the conjugative interaction
among ligands in the complex structures. The secoddr perturbation approach is applied
to obtain the hyperconjugative interaction energ&s65]. Due to the delocalization effect
observed between lone-pair (n) orbitals of nitrdgeygen atom and anti-lone-pair (n*)
orbitals of Cr(lll) and V(IV) ions, the coordinaticenvironments for the complexésand?2
were confirmed by +n* interactions. These interactions were determimgtth the g2
values described as the stabilization energy. TaBl@resents the calculatelf’ &alues for
the complexed and2 obtained at the range from 56.53 to 1.17 kcal/r@ol.the other hand,
the highest stabilization energy Q¥ values of the LP(2)01/04/G60*(02-C1)/(03—
C8)/(05-C15) interactions for the compléxdepending the COOgroup were obtained at
13.31, 13.90 and 12.73 kcal/mol, as can be se&alble S2. Likewise, the interaction energy
values of LP(2)01/04>0*(02—-C1)/(0O3-C8) for the comple® were found to be 13.02
kcal/mol. In the Cr(lll) and V(IV) complexes, thenergy values for intramolecular
remarkable interactions o£(C17-C18}>n*(N3—-C16) and n(C9-N2)-»n*(C8-04) were
obtained at 15.87 and 4.60 kcal/mol, respectivede (Table S2). To sum up, it could be stated
that the stabilization of the molecular system tigito the bonding and anti-bonding orbitals,
interactions among bonds, and coordination aroueiinons.

According to the crystal packing structure of coexpll, the C-H--O type
intermolecular hydrogen bonding interactions reséabetween the —CH group of 3-mpa
ligand and O atom of carboxylate group (see Tab&n@ Fig. S2). Additionally, the other
remarkable stabilization interactions in the ligaraf the complex structures are given in
Table S2.

3.2. Infrared spectra

Table 3 displays the experimental and theoretidadational wavenumbers obtained
by hybrid HSEh1PBE method and 6-311G(d,p)/LanL2@&i& set, and then scaled by 0.96.
The FT-IR spectra and theoretical calculations ased to determine the coordination
environment around the metal ions and the othagm®®&nts of vibrational modes for the
complexesl and2. The FT-IR spectra are given as two parts, thet &ine is at the range of
4000-400 cn, and second one is in the region of 1750-400"¢see Fig. 3a and 3b). These



spectra and theoretical results verify the cootitnaof 3-mpa ligand to Cr(lll) ion and 3-
mpa ligand to V(IV) ion via the carboxylate grourpthe complexe& and2, respectively. The
asymmetric/symmetric stretching CO@,4vs COO) vibrational modes from FT-IR spectra
of complexesl and2 were observed at 1665/1270 and 1627/1250" craspectively. The
corresponding theoretical vibrational bands wereébto be 1741/1267 and 1627/1260 tm
The differences between the experimental/theoletigaandvs COO vibrational modes
obtained at 395/474 for compléxand 377/481 citt for complex2 demonstrate the presence
of carboxylate group coordinated to Cr(lll) and WYlions, respectively. These results are in
agreement with previously reported results [17,2]L.-Furthermore, possible differences
between compared results are originated from thesgmce of Cr(lll) and V(IV) ions
including theN,O-chelating 3-mpa ligands for the complexesnd?2.

In complex2, thev VO vibrationalmode, indicating comprise of the central V(IV) ion
coordinated by an oxygen atom, is experimentallgt Hreoretically obtained at 1079 and
1093 cm* (see Table 3). These results are coherent withiqusly observed at 966 chwith
experimental IR, and calculated at 1102, 1079, Xkifi6 with the B3P86/6-311G, B3LYP/6-
311G, and PBE/6-311G levels [26]. The stretchingpgitions Y C=N andv C=C) belong to
3-mpa ligand for the complek were experimentally and theoretically assigned &0 and
1588 cm?, respectively. On the other hand, the CN and G@lsibond stretches were
observed at 1189 and 1045 ¢rior the complexl and 1280 and 1047 chrfor the complex2.
The corresponding theoretical vibrational modes14r@9 and 1061 crhfor the complexi
and 1315 and 1062 cifor the complex2, respectively. Observed lower vibrational modes
exhibit the presence of pyridine rings coordinater(lll) and V(IV) ions. These results are
in agreement with the previous corresponding on&g,2[l-24]. The other detailed
assignments of vibrational modes for the compldxasd2 are assigned in Table S3.

3.3. The UV-vis spectra, molecular parameters ankkoular electrostatic potential surfaces

The experimental absorption spectra of the comgl&eand?2 in ethanol solvent were
recorded at the range from 900 to 200 nm, and pteden Fig. 3. TD-HSEh1PBE method
with 6-311G(d,p)/LanL2DZ basis sets were used técutate electronic absorption
wavelengths and transitions, and oscillator stiehgthe important contributions from FMOs
were obtained by using SWizard and Chemissian so\69,70]. Obtained these parameters
were collected in Table 4. At the same time, th&ERIBPBE level was also chosen to provide
a tendency to interpret between current complexlteand the previously obtained results in
the different metal complexes [17-20,28,29,31].

There are four wide absorption banélg.¢ = 321, 270, 260 and 218 nm) observed in
the UV-Vis absorption spectrum of the complexSimilarly, three wide absorption bands for
the complexX2 appeared at 371, 273 and 210 nm in the ethanedrsio{see Fig. 3). But these
bands were measured at 740, 560 and 385 nm imgtlemas solution [26]. On the whole, the
data are comparable in spite of the solvent diffeee At the same time, the experimental UV-
Vis spectrum of the 3-mpaH displays that two absonpbands emerged at 270 and 216 nm
in the ethanol solvent (see Fig. 3). Theoreticalresponding absorption peaks of the
complexesl and 2 in ethanol solvent were found to be 523-246 and-Z8Y¥ nm range,
respectively. Besides, the differences between HI-Besults and recorded UV-Vis spectra
are dependent on the selected number of exciteesstaTD-DFT calculations. In this study,
the electronic absorption parameters were calalldtg using the different theoretical
approaches (B3LYP and CAM-B3LYP levels). The resut B3LYP and CAM-B3LYP
levels corresponding absorption peak®thanol solvent were found to be 526-256 and 528
216 nm range for complek 605-229 and 553-230 nm range for com@#grespectively. No
significant difference was observed among the tesof B3LYP, CAM-B3LYP and



HSEh1PBE levels. Furthermore, the detailed continbg from COO(carboxylate) group, 3-
mepy (3-methylpyridine) ligand, Cr and V metal idnsabsorption peaks of the compleXes
and2 in ethanol solvent are given in Table 4. The thecakpeak of 587 nm of the complex
2 with the molecular orbital contributions of-H.+4 a(44%) and H-L+1a(25%) were
appointed as a metal-ligand charge transfer (MLE@3nsition depending on VO(59%)+3-
Mepy(23%)+C0O0(18%)—~VO(50%)+3-Mepy(48%)+COT2%) and VO(59%)+3-
Mepy(23%)+CO0(18%)—-VO(10%)+3-Mepy(80%)+COT10%), as can be seen in Table
4. The remarkable absorption peaks of the compléxasd 2 in ethanol solvent emerged at
321 and 371 nm were attributed to between metartgand ligand-ligand charge transfer.
Theoretical corresponding ones were obtained at 838 400 nm. These transitions
determined by the electronic contributions of —H+3a(+48%)//Cr(61%)+3-
Mepy(27%)+CO0O(12%)—Cr(11%)+3-Mepy(77%)+COqQ12%) for the complexl and
H—La(+77%)//VO(59%)+3-Mepy(23%)+COQL8%)—>VO(7%)+3-
Mepy(80%)+COO(13%) for the comple®. The other absorption peaks of the complekes
and2 in ethanol solvent observed at 270 and 218, 273240dnm were assigned as>n*
and n—n* transitions, indicating ligand—ligand charge s#&er. For example, the absorption
peak at 210 nm of the compleX was determined by the electronic contributions of
H-8—L+10(+38%)//3-Mepy(25%)+COq65%)—3-Mepy(80%)+COO(10%) and
H-6—L+1p(+20%)//3-Mepy(26%)+COT65%)—3-Mepy(83%)+COO(11%). It is
concluded from Fig. 4 and Table 4 the low absomptralues of the complexdsand2 are
based on possible intra-ligand charge transfer TILC

Considering the two-state model [35-48], it is mded to set up the relation of
hyperpolarizability and charge transfer transitiothe foresight proficient NLO systems.

A, t
3
Ee

B U (10

In eq. (10), 5y, Ay, By T are the first static hyperpolarizability also deswasf., , dipole

moment difference between ground and excited stdtassition energy, and oscillator
strength associated with the electronic transifrmm the ground state to the predominant
charge transfer excited states, respectively.

According to the two-level model [42,45], eq. 1 da@ denoted as eq. 2. The static first
hyperpolarizability () is given by the simple formula [43,44,46,47].

B, = (3.79597x107 2 Ak, (11)

In eq. (11)uc4 (in D) is the transition dipole moment between gneund and excited states,
Au = pe —ug (in D) is the difference in dipole moment between the gdoand first excited
stateseg (in Nm) is the excitation wavelength. When abowésuare used3o is obtained in
10" esu together with the 3.79597%i@onstant. It is clear from the two-level modelttha
first hyperpolarizability increases with the langg,, Au values andeg or the lower transition
energy. Depending on theconjugation length linking the electron—acceptad a-donor
groups in the push—pull type systems, it shouldthted that the high¢s hyperpolarizability

is the lower transition energy, and the higher I@dor strength and the difference between
ground and excited state dipole moment [47,48]. ddleulated values qf, 4, f andA., were
presented in Table 4 and the obtaidgdandg, results were given in Table 5. It is clear from
Table 4 the highest values &f, for the complexesl and 2 in ethanol/gas phase



corresponding to maximum oscillator strength weakewdated at 395/414 nm and 252/247
nm, respectively. The,, andAu values for the complekin ethanol/gas phase were found to
be 1.8394/2.1984 D and 1.7/0.6 D (see Tables 45ando contribute to the second-order
NLO property of the complexesand?2, the relationship betweerps (the mean first-order
hyperpolarizability) values angl, (two-level model) values were investigated anddated.
These results were tabulated in Table 5. At theesiime, the two-level model was associated
with the UV-vis properties. Thg, (two-level model) values for the complexesand 2 in
ethanol/gas phase were obtained at 0.341/0.189 3 E3u and -0.166/-0.0255 (x£6) esu,
respectively. It could be stated that these restitplay the same tendency as the><
parameter with regard to increase and decreasesrideqm on the coordination environment
and symmetry center around metal ions, the firgiehgolarizability parameters of these
complexes were obtained at low values indicatititg INLO response.

Based on the Tauc and Menth's equation [28,71diteet band gap energy values for
the complexed4 and2 are computed by using the following equation

(ahv) =C(hv —E,)"2 (12)

In eq. (12),a called as the absorption coefficient is obtainedry —2303logT /d (T is the

transmittance and called the length of the cuvette is used in 1 dnjs a constant for the
effective masses associated with the bahasPlanck constant, is frequency of light anéy
is the direct band gap energy.

It is noted that the energy gap (band gap energiyyden HOMO and LUMO energy
indicates the chemical reactivity, molecular hassn@and softness, as well as biological
activity of the molecular systems. On the otherdyaime smaller energy gap defines a
chemically soft molecule, indicating easily polaibt#e and more advanced biological activity.
It is clear from Fig. 5 that thEy band gaps for the complexgésind2 are 4.35 and 4.30 eV,
respectively. The corresponding energy gaps cakuilifom FMO energies are 2.60 fer
spin, 2.40 forp spin (for complexl), 3.90 fora spin, 4.88 eV fo} spin (for complex?).
These results are comparable with the obtainedremestal results and previously reported
result about 4 eV for compleX[26]. They (electronegativity)n (chemical hardness) and S
(chemical softness) parameters computed from FME@gees are examined by using the
previous equations [28,29,68]. Tihen and S of the complexdsand2 were obtained at 4.55
eV, 1.30 eV, 0.77 eVfor a spin and 4.51 eV, 1.95 eV, 0.51 &¥6r o spin, respectively.
These results demonstrate that the comglexould provide the efficient charge transfer,
which has easily polarized.

The molecular electrostatic potential (MEP) surfaoé the complexes and2 were
investigated to examine the relationship amongsthacture, physicochemical and reactivity
properties [72,73]. MEP surfaces were also utiliredimultaneously determine molecular
structure, size and ESP regions specified by cdlssification. The MEP surfaces for the
complexesl and2 were drawn in Fig. 6. These values for the conggdxand?2 are range
from -7.788e-2 to 7.788e-2 a.u. and -6.687e-2 @B&.le-2 a.u., respectively. The
electrophilic reactivity, demonstratingthe negatikegions with red color, are over the
electronegative O atoms belonging the carboxyledemuncoordinated with metal ions. The
nucleophilic reactivity, showing the positive reggowith blue color, surrounds the C-H
bonds.

3.4. The refractive index, linear optical polarizily, second- and third-order nonlinear
optical parameters
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In optoelectronic technology, materials with NLCatigres are taken into account for
different application areas such as optical comeation and switching, information storage.
In this regard, novel materials are to present igimyg the efficiency of electronic
communication between electron accepting and dogajroups, as well as displaying the
structure-activity relationship [74-78].

The x® (linear optical susceptibility) demonstrating theebr response (i.e. linear
absorption and the refractive index) gt (third—nonlinear optical susceptibility) parameters
defined with Z-scan technique [79-83] are impor@un to building the basis of experimental
work including metal complexes of 3-mpa ligand witkkgardless of experimental
measurement. The nonlinear optical effect is rdlavex™ parameter. The large™ means
the lower applied electric field strength and therer path length. Besides, the lapd® of
compounds including-electron displays the delocalizationmetlectrons in compounds due
to applied electric fields.

The refractive indexn) for the complexesl and 2 were investigated by using the
following equations [28,29]

R (1) +K?
(n+1)% +k?

n:1+R+ 4R —K2 4j1
1-R | @-R)?

In eq. (14)Ris called as the reflectance in the IR regiors called as the refractive indek,
is called as the extinction coefficienk & aAl47), a is the absorption coefficient obtained by
a =-2303logT/d (T is the transmittance arttcalled the powder thickness is used in 0.01

cm). Fig. 7 shows the refractive index versus tlawemumber in the IR region. The average
refractive index in the mid-infrared region (400084cm?) for the complexed and2 were
obtained at 1.39 and 1.26.

By considering the theoretical linear optical paability (a) values in the gas phase
and ethanol solvent calculated by using eq. 2,réimal refractive indexn) values were
found by using the Lorentz-Lorenz eq. (15) [29,84].

(13)

(n*- 1)/(n* + 2) =Da/V (15)

In eq. (6),nis called as the refractive indew,is called as the molar volume (&nand D is a
multiplier depending on Avogadro’s numbét). Whena, V and D are used in x1% cn?,
cm® and 2.523564179x 1) n is directly obtained in dimensionless from eq. 4.

By considering the Lorentz approximation for thedbfield, the linear susceptibility
(x™) of the compounds was calculated by using below8) [29,84].

x@= Niz (16)

In eq. (16), f (f = (°+3)/3;n is the refractive index obtained by using eq.i%he local field
correction factor with respect to Lorentz expressid is the number of molecules per unit
cm®, @ obtained by using eq. 2 is the theoretical lingatical polarizability, and so the™
parameter is calculated by using the eq. (16).
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Likewise, the third—order nonlinear optical susdefty x® associated with the
parameter without using the experimental technigaes obtained by using the eq. (17)
[29,84].

XP=Nfty (17)

In eq. (17), N and f is defined abowveis the second-hyperpolarizability calculated bings
eg. (5).

The HSEh1PBE level within the gas phase and ethanleént was applied to examine the
refractive index, linear optical polarizability, cgd- and third-order nonlinear optical
parameters of the complexésand2. The obtained theoretical results were comparéd p¢
nitroaniline (pNA) [85], nitrobenzene [86], TFMB48and urea [87,88]. Calculated a, Aa,

n, x, B, v andx® parameters were presented in Table 4. ialues of the complexes
and2 were experimentally obtained at 1.39 and 1.26, Galcdulated at 1.45 and 1.40 in the
gas phase by using HSEh1PBE level, respectivelgs@nesults are remarkably coherent. The
linear response: and XY parameters as a measure of polarization susdétifir the
complexesl and2 in the gas phase were found to be 45.2%1®0.58x1F esu and 29.5x10

24 14.75x10, respectively. These results are comparable twiqus ones [28,29].
Moreover, theo values of the complet found to have larger values than all chalcones
derivative obtained at the range from 27 to 39.3%108].

The second-order NL@ values of the compleg in ethanol solvent and the gas phase
were found to be 55.3xI¥ and 30.9x10° esu, and these values were obtained at
425.38/6.01 and 237.69/3.36 times higher than thuiserea (0.130xIG° esu) [88])/pNA
(9.2x10°° esu) [85], respectively. Furthermore, the cal@dftvalues of the complek were
found as larger than some chalcones derivativeulzribd at 19.7-31.9xI¥ esu [78] while
these values of the complédxwere calculated the lower than those of 4Ndhalcone and
4ANO,-CHs-Chalcone found at 67.7 and 64.8x¥Cesu [78]. From these results, the role on
NLO parameters of the different substitutions andtahions compounds was clearly
observed. The third-order NL§ values of the complek in ethanol solvent and gas phase
calculated at 251.0xI8 and 110.2x1T° esu are 16.73 and 7.33 times higher than that of
PNA (15x10°% esu). They results were also supported by the third—ordelinear optical
susceptibility x® parameter obtained at 119.47%f0and 25.80x13° esu values. The
differences between NLO parameters of these coraplare originated from the coordination
environment and the effect of symmetry center otaiens. It could be considered that the
presence of Cr metal ion and its coordination emrrent increased the NLO activity of the
complexl, which is bulkier than the compl&x despite the fact that the atomic diameter of V
metal is larger than that of Cr metal.

According to the results of second- and third-offlandy parameters in gas the phase
and ethanol solvent, it is concluded that complexould be a material efficient for
microscopic second-order and third—order NLO proper

3.5.a-Glucosidase activity and molecular docking

The complexed and2 were screened for theglucosidase inhibition. The kgvalues
of the complexesl and 2, acarbose, genistein and resveratrol [89-92], wedivkn asa-
glucosidase inhibitors, are comparatively giveid able 6. |G, values of the complexdsand
2 againsti-glucosidase were found to be >600 pM.

According to the structure-activity relationshipA®), the following points could be
concluded from Table 6:
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(1) It could be concluded that thes3values of the complexdsand?2 did not defect on
coordination environment and the metal ions in do@tion.

(i) The inhibitory activity (IGo = >600 uM) of the compleg is the same as previously
synthesized Cr(lll) complex of mixed-ligand (6-mp&h NCS) [17] despite differences in
the coordination environment of these complexes.

(i)  The coordination geometries around Cr(lll) and \j(Iohs of the complexes and2
determined as distorted octahedral geometry andareepipyramidal did not show a
remarkable effect on-glucosidase inhibition. Furthermore, even if iuttbbe considered the
atomic diameter of V metal is larger than the Ctahand but Cr complex is bulkier than the
V complex, the complexeband2 did not demonstrate a remarkable effectiegiucosidase
inhibition at the uM level.

To date, the Ig values of metal complexes including 3-mpa ligaadenbeen not
reported. But the-glucosidase activity studies of synthesized mikgand metal complexes
containing 6-mpa ligand were performed [16-20]. &Metd the 1G, values are similar to
previously reported results.

In order to investigate the interactions bindintg sif the target protein (the template
structureS. cerevisiagsomaltase (PDBID: 3A4A)) with the complexg&sand 2, molecular
docking study was fulfilled by using the IGEMDOCKrogram [93]. The estimated
interactions and their energy values for the comgsé and2 were tabulated in Table 6. Fig.
S3 demonstrates the interacting of the complexesi 2 with amino-acid residues thanks to
some hydrogen-bonding and van der Waals interaxctiBased on docking results, thg; Bf
the complexesl and 2 were obtained at107.3 and -97.0 kcal/mol, respectively. These
energies include the interactions of same or dgiffeamino-acid residues with the complexes
1 and2.

The H-bonding interactions for compldxobtained at -5.2, -8.6 and -2.7 kcal/mol
were determinedetweencarbonyl oxygen atom of 3-mpa ligand and the Se(sibain)-
SER240/ASP242 0° (with 2.82 and 2.79A bond distances) and M (nwdiain)-ARG315
N® (with 3.21 A bond distance). These interactions similar to previously synthesized
Cr(lll) complex of mixed-ligand (6-mpa with NCS) ispite of despite differences in the
coordination environment of these complexes. Lilsewithe H-bonding interactions for
complex2 calculated at -6.5 and -5.0 kcal/mol were definetivieen the M-SER298Nwith
2.95 A bond distance)/S-SER298 @ith 2.69 A bond distance) and carbonyl oxygesmat
of 3-mpa.

In summary, it is said that these differences cduddstem from the coordination
environment and the metal ions in coordinationtf@se complexes.

4. Conclusion

The complexed and2 {[Cr(3-mpa)], (1), [VO(3-mpa}], (2)} were synthesized and
characterized bXRD and LC-MS/MS methods. FT-IR and UV-Vis spectaalalysis were
utilized to examine their spectral properties. &oto interpret the corresponding detailed
experimental spectral properties results, theakti@lculations were performed by using
HSEh1PBE/6-311G(d,p)/LanL2DZ level. Moreover, thett and n—nr* transitions for the
complexesl and 2 in ethanol solvent observed at 270 and 218, 248 240 nm were
determined by TD/DFT calculations, these transgiarere originated from inter-ligand and
intra-ligand charge transfer interactions. It con&lconcluded that the substantial absorption
peaks of the complexesand 2 in ethanol solvent observed at 321 and 371 nm raigd
between metal-ligand and ligand-ligand charge teangith the electronic contributions of
H—L+3a(+48%)//Cr(61%)+3-Mepy(27%)+COQL2%)—~Cr(11%)+3-
Mepy(77%)+COO0(12%) for the complex 1 and H-oLa(+77%)//VO(59%)+3-
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Mepy(23%)+CO0(18%)—VO(7%)+3-Mepy(80%)+COJ13%) for the complex2. NBO
results verify the coordination environments foe ttomplexesl and2 depicted by A>n*
interactions due to the delocalization effect obseér between lone-pair (n) orbitals of
nitrogen/oxygen atom and anti-lone-pair (n*) ortsitaf Cr(lll) and V(IV) ions. NLO studies
demonstrate that the compléxis a promising candidate to materials with highuga of
nonlinear parameter$,(y andx®) calculated at 55.3xI&, 251.0x10°® and 119.47x13°
esu in ethanol solvent. Considering all theoretarad experimental results, it is stand out a
good coherent between the theoretical and correpgrexperimental results. The s{C
values ofa-glucosidase inhibition for the synthesized compiek and 2 were obtained at
>600 pM. It can be said that these complexes diddmplay a significant effect on-
glucosidase inhibition at uM level. In brief, itudd be stated that the NLO and in vitro results
provide useful information for mixed-ligand metabneplexes including 3-mpa and its
derivatives to be synthesized.
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Table 1. Crystal data and structure refinement parameterthé complex.

CCDC Number
Empirical formula
Formula weight
Crystal system
Space group
Temperature (K)
Radiation type
MA)

Crystal size (mm)
Crystal shape and colour
a(A)

b (A)

c (A

a(’)

B

()

V (A%

z

F(000)

Density (Mg n)

u (mm)

0 range {)

h, k, |

Measured refls.
Independent refls.
Rint

R[F? > 25(F%)], wR(F?, S
max/min (e A%

1588068
G1H15CrN3Og
460.38
Monoclinic
C2/c
296
MdKa
0.71073
0.55x0.42x0.21
Prism and red
31.7393 (19)
8.5310 (6)
14.8857 (10)
90
96.720 (5)
90
4002.9 (5)
8
1896
1.528
0.62
1.8-28.5
-38—-30, -10-10, -18-18
10348
3933
0.042
0.041, 0.102, 0.92
0.3540.21




Table 2. Hydrogen-bond parameters for comple¢d and °).

D-H- - ‘A D-H H--A D---A D-H---A
CI4-H14A. - .04 096 2.11 2.876 (5) 136
C6-H6. - -04 0.93 2.31 3.045 (4) 135
C20-H20- - -O06  0.93 2.38 3.125 (3) 137

Symmetry codes: (i) —x+1, —y+1, —z+1; (ii) x, —y##1/2.



Table 3. Comparison of the FT—IR and calculated vibratidneduencies for the
complexesl and2.

Assignments Complek Complex2

FT-IR HSEh1PBE FT-IR HSEh1PBE
v CH 3105 3106 3097 3106
v CH 3092 3091 3065
v CH 3064 3067
v CH 3007 3017 2989 3017
v CH 3015 3017
v CH; 2993 2944 2933 2944
vCH; 2937 2943 2900 2944
V,sCO0 1665 1741 1627 1741
v C=C +v N=C 1640 1588
v C=C 1586 1586 1585 1586
B HCC 1453 1443 1456 1442
B HCH 1417 1438 1358 1359
v NC +v OC 1315 1309
v NC 1189 1199 1280 1315
1sCO0 1270 1267 1250 1260
V=0 - - 1079 1093
v CC 1045 1061 1047 1062
y HCCC 1009 982 1005 1020
vy HCCN 980 965 974
g OCO 806 805 826 819
vy CCrCN 693 684 - -
B CNCr 443 392 - -
B OVO - - 450 474
vVN - N 391

v: StretchingB: in plane bendingy: out-of plane bending.



Table 4. Experimental and theoretical electronic transiiawscillator strength for the complexieand?2.

Solvent Exp. TD-HSEH1PBE/6311G(d,p)
A(nm) A Osc. Heg(D) Major contributions via SWizard//Chemissian program
(nm) strength
Complexl
Ethanol 523 0.0045 0.7090 H—L+1 a (+59%)//Cr(61%)+3-Mepy(27%)+COQL2%)—3-Mepy(83%)+COO(17%)
H—L+7 a (+32%)//Cr(61%)+3-Mepy(27%)+COQL2%)—Cr(49%)+3-Mepy(26%)+COT25%)
321 395 0.0402 1.8394 H—L+3 a (+48%)//Cr(61%)+3-Mepy(27%)+COQL2%)—Cr(11%)+3-Mepy(77%)+COT12%)
H—L+1 a (+31%)//Cr(61%)+3-Mepy(27%)+COQL2%)—3-Mepy(83%)+COO(17%)
270 269 0.0079 0.6706 H-2—L+3 o (+19%)//3-Mepy(35%)+COT63%)—3-Mepy(77%)+COO(12%)
H-8—L B (+14%)//3-Mepy(30%)+COTW68%)—3-Mepy(48%)+COO(22%)
260 259 0.0132 0.8514 H-1-L+5 o (+67%)//3-Mepy(20%)+COT31%)—3-Mepy(96%)+CO(4%)
218 246 0.0287 1.2266 H-2—-L B (+12%)//3-Mepy(35%)+COT64%)—3-Mepy(48%)+COO(22%)
H-4—L+1 o (+10%)//3-Mepy(89%)+COT11%)—3-Mepy(83%)+COO(17%)
Gas phase 523 0.0085 0.9702 H—L B (+40%)//Cr(56%)+3-Mepy(34%)+COQL0%)—Cr(22%)+3-Mepy(60%)+COQ18%)
H—L+3 B (+39%)//Cr(56%)+3-Mepy(34%)+COQL0%)—Cr(20%)+3-Mepy(72%)+COq8%)
414 0.0549 2.1984 H—L+1 a (+46%)//Cr(59%)+3-Mepy(29%)+COQL2%)—Cr(1%)+3-Mepy(87%)+COT12%)
H—L+3 a (+15%)//Cr(59%)+3-Mepy(29%)+COQL2%)—Cr(13%)+3-Mepy(78%)+COq9I%)
H—L+4 B (+15%)// Cr(56%)+3-Mepy(34%)+COQ0%)—Cr(17%)+3-Mepy(74%)+COTqI%)
270 0.0004 0.1482 H-2—L+1 o (+65%)//3-Mepy(66%)+COT32%)—3-Mepy(87%)+CO(12%)
H-1—-L+2 B (+14%)//3-Mepy(33%)+COT66%)—3-Mepy(75%)+COO(15%)
260 0.0165 0.9558 H-9—-L B (+18%)//3-Mepy(27%)+COT67%)—3-Mepy(60%)+CO(19%)
H-2—L+3 o (+17%)//3-Mepy(66%)+COT32%)—3-Mepy(78%)+CO(10%)
256 0.0022 0.3466 H-3—L+1 B (+26%)//3-Mepy(66%)+COT33%)—3-Mepy(87%)+COO(11%)
H-6—L B (+20%)//3-Mepy(84%)+COT16%)—3-Mepy(60%)+CO0O(19%)
H-8—L B (+15%)//3-Mepy(23%)+COT75%)—3-Mepy(60%)+CO0O(19%)
Complex2
Ethanol 587 0.0002 0.1482 H—L+4 a (+44%)//VO(59%)+3-Mepy(23%)+COQL8%)—~VO(50%)+3-Mepy(48%)+COT2%)
H—-L+1 a (+25%)//VO(59%)+3-Mepy(23%)+COQL8%)—VO(10%)+3-Mepy(80%)+COT10%)
371 400 0.0007 0.2477 H—-L o (+77%)//VO(59%)+3-Mepy(23%)+COQL8%)—VO(7%)+3-Mepy(80%)+COQ13%)
271 0.0023 0.3612 H—L+2 a (+60%)//VO(59%)+3-Mepy(23%)+COQL8%)—~VO(14%)+3-Mepy(77%)+COT9%)
H—L+4 a (+31%)//VO(59%)+3-Mepy(23%)+COQL8%)—VO(50%)+3-Mepy(48%)+COT2%)
273 252 0.1835 3.1347 H-2—L B (+39%)//3-Mepy(93%)+COT7%)—3-Mepy(81%)+COO(14%)
H-3—L o (+35%)//3-Mepy(93%)+COT7%)—3-Mepy(80%)+COO(13%)
210 224 0.0016 0.2714 H-8—L+1 a (+38%)//3-Mepy(25%)+COT65%)—3-Mepy(80%)+COO(10%)
H-6—L+1 B (+20%)//3-Mepy(26%)+COT65%)—3-Mepy(83%)+COO(11%)
Gas phase 569 0.0001 0.1296 H—L+4 a (+60%)//VO(59%)+3-Mepy(23%)+COQL8%)—~VO(67%)+3-Mepy(32%)+COT1%)
H—-L+1 a (+23%)//VO(59%)+3-Mepy(23%)+COQL8%)—VO(6%)+3-Mepy(86%)+COQ8%)
429 0.0004 0.1902 H—-L o (+78%)//VO(59%)+3-Mepy(23%)+COQL8%)—VO(6%)+3-Mepy(84%)+COQ10%)
272 0.0052 0.5475 H-2—L+1 o (+44%)//NVO(7%)+3-Mepy(28%)+CO@65%)—VO(6%)+3-Mepy(86%)+COQ8%)
H-1-L o (+17%)//VO(1%)+3-Mepy(33%)+COQ66%)—VO(6%)+3-Mepy(84%)+COQ10%)
247 0.0923 2.2024 H-3—L o (+27%)//VO(9%)+3-Mepy(50%)+COM41%)—~VO(6%)+3-Mepy(84%)+COQ10%)
H-3—L B (+23%)//VO(2%)+3-Mepy(84%)+COWQL4%)—VO(4%)+3-Mepy(85%)+COQq11%)
232 0.0064 0.5609 H-2—L+2 a (+53%)//VO(7%)+3-Mepy(28%)+COWQ65%)—VO(4%)+3-Mepy(90%)+COU6%)

H-1-L+3 o (+37%)//VO(1%)+3-Mepy(33%)+COW66%)—VO(1%)+3-Mepy(95%)+COq4%)




Table 5. The ground and excited dipole dipol moment &ndy., in Debye), the
mean linear polarizability ¢, in 10%* esu), refractive indexnj, linear
susceptibility ¢, in 10?2 esu)anisotropy of linear polarizabilityA@, in 10%* esu),
mean first- and second-order hyperpolarizabilifigs and ¢> in 10°° and 10°
esu), first—order static hyperpolarizabilit§, (two-level model) in 18° esu), and
third—order susceptibility{®, in 10" esu) for the complexesand?2.

HSEh1PBE/6-311G(d,p)

Ethanol Gas phase Ethanol Gas phase
Property Complexl Complex2
g 10.7 6.6 2.5 1.7
Ue 12.4 7.2 1.8 1.2
tig (PNA)? 6.2
#g (Urea)® 4.56
<o> 60.2 45.2 38.8 29.5
<a> (pNA)? 17
Mo, 1.92 1.45 2.40 1.40
Mo 1.39 1.26
X 25.80 20.58 38.97 14.75
Aa 6.5 9.7 22.3 19.2
<B> 55.3 30.9 5.0 1.7
Bo 0.341 0.189 -0.166 -0.0255
<B> (pNA)? 9.2
<p> (Urea)°* 0.32,0.13
<y> 251.0 110.2 37.7 17.2
x® 119.47 25.80 94.26 3.89
<y> (pNA)* 15°
<y> (Urea)® 7]

®From ref. [85].
°From ref. [87].
“From ref. [88].



Table 6.Protein-ligand interactions, their energy valued @rvitro inhibition 1G, values (M) of the complexdsand?2 for

a—glucosidase

Compound IC 50 (UM)?® Complex 1- Energy® Complex 2- Energy®
protein (kcal/mol) protein (kcal/mol)
interaction interaction
3-Methylpicolinic acid (3-mpaH) not active Van d#&fiaals interactions
Complexl [Cr(3-mpa}] >600 $-LYS-156 -7.1 S-TRP-15 -8.5
Complex2 [VO(3-mpa)] >600 M-TYR-158 -5.5 S-ASN-259 -7.3
[Cr(NCS)6-mpay) H,0]° >600 S-TYR-158 -14.1 M-ILE-272 -5.9
Genistein 16.575+0.23 M-SER-240 -7.3 M-ALA-292 -7.7
Acarbosé 906 S-SER-240 4.2 M-GLU-296 4.1
Resveratrdl 12.70 S-ASP-242 -7.2 M-LEU-297 -5.6
S-HIS-280 -4.3 M-SER-298 -6.0
M-PRO-312 -7.5
M-LEU-313 -8.9
Hydrogen bonding interactions
S-SER-240 -5.2 M-SER-298 -6.5
S-ASP-242 -8.6 S-SER-298 -5.0
M-ARG-315 -2.7
Eotal -107.3 Botal -97.0

®Cs values represent the means + S.E.M. of threelphratasurements (p < 0.05).

®From ref. [17]
‘From ref. [88,89]
From ref. [90,91]

*The values of VDW and H-Bond energy are taken weitdhan —4.0 and —2.5 kcal/mol, respectively.
'M and S indicate the main and side chain of theramting residue, respectively.



Complex 1 Complex 2

Fig. 1. The single crystal structure of compliExand optimized molecular structure of the comeat
HSEh1PBE/6-311G(d,p)/LanL2DZ level.
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Fig. 6. Molecular electrostatic potential (MEP) surfaces for the complexes 1 and 2 obtained by HSEh1PBE level
in gas phase.
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Figure 7. The plot of the refractive index in the IR region for the complexes 1 and 2.
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Scheme 1. The synthesis of the complexes 1 and 2.
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Highlights

e The Cr(lll) and V(IV) complexes of 3-methylpicolmiacid (3-mpaH) were
synthesized.

» Optical band gap values were obtained by UV-visspe

« The NLO parameter$(y andx®) were surveyed.

* The IG values ofu-glucosidase inhibition for the complexkeand2 were identified.

* TDI/DFT calculations were performed to provide daagderstanding of the complexes
properties.
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