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Figure S1. Sketch of the of the tautomeric form of the hetarilhydrazone 1
and the relative stability energies (kcal/mol) in gas phase and water medium (value
in brackets) obtained for optimized structures at B3LYP/6-311++G(d,p) level of
theory.



Figure S2. Crystal structure of H,L ¢ /2H,O along the crystallographic b axis.

Table S1. Structural characteristics of the HBs in the crystals of H,L * '2H,0

HB D-H A H.A A D.A,A D-H..A, deg
O1—H10:--N5i  0.84(2) 1.89(2) 2.723(1) 168(2)
02—H20---N4ii  0.88(2) 2.21(2) 2.970(1) 145(2)
N3—H3N---Olii 0.90(2) 2.49(2) 3.238(1) 141(2)

(symmetry codes: (i) x-1/2, -y+1, z+1/2; (1) x+1/2, -y+1, z+1/2; (i) x+1/2, -y+1, z-1/2)
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Figure S3. Experimental (panel a) and simulated (panel b) electronic absorption
spectra of hetarylhydrazone 1 at various pH in H,O:EtOH (1:1) medium, C = 1.95
10> M Experimental UV spectra shown for the ligand solution set to pH=1.5 - red
line, pH=6.5 - yellow line, and pH=12.5 -blue line. Simulated spectra by using TD-
CAMB3LYP/6-311++G(d,p) level of theory with accounting ethanol medium for



neutral from of hetarilhydrazone 1 — black dash dot line, dissociated form through
OH group - red dash line and through NH group - red dash line.

Figure 4. Fragment of the infinite HB chain in crystals of 2a.

Table S2. Structural characteristics of the HBs in the crystals of 2a

HB D-H, A H.AJA D.AA D-H.A,deg
02-H2...CI2 0.82 2.16  2.9322(19) 157
N7-H7...C120 0.86 2.34 3.181(2) 164
O1-H1...04 0.82 1.79 2.570(3) 158
O4-H4A...C11G 0.85 2.30 3.143(2) 172
04-H4B...Cll 0.85 2.26 3.112(2) 177
N9-H9...Cll 0.86 2.56 3.158(2) 128

(symmetry codes: (1) 1-x,1-y,1-z; (i1) 1-x, 2-y, 2-7)

Table S3. Comparison of the selected bond lengths (A) in compounds 2a, 2¢
and 3 from single crystal diffraction experiment.

Bond 2a (M=Ni) 2¢ (M=Mn)? 3 (M=Co)

M-Npe Ni-N1  1.9952)  22102)+2219(2) Col-N3  1.869(3)
Ni-N2  2.001(2)

M-N,,  Nil-N3  2.1193(18) 2.295(2) +2.304(2) Col-N10 1.914(3)
Nil-N4  2.147(2)

M-N,,, Nil-NI  2.174(2)  2.206(2) = 2.286(2) Col-N2 2.031(3)
Nil-N6  2.1340(17) Col-N4  2.006(3)

a Statistic over two independent molecules in unit cell.

Table S4. Structural characteristics of the HBs in the crystals of 3

HB D-H A H.A,A D.A A D-H.A,deg
N7-H7...03 0.86 2.10 2.951(4) 168
N7-H7...04 0.86 2.57 3.203(4) 132

N9-H9...010® 0.86 1.80 2.651(4) 170



O1...H9-N9@™ 0.86 1.80 2.651(4) 170
(symmetry codes: (iii) 1/2+x, y, 3/2-z; (iv) -1/2+x, y, 3/2-z)
Calculation details for pKa

The dissociation through an acidic mechanism can be represented as follows:
H,L?* H,L"+ H*  pKa

HL" = H,L + H" pKa,

HL ~~——— HL + H pKa;
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Figure S5. The titration curve of hetarylhydrazone 1.

During the potentiometric measurements it was established that hetarylhydrazone
under study revealed two protonation centers with close pKa values (ApKa<2,8) in
the whole pH range. Therefore in order to calculate the pKa value the function of
mean-value proton number has been used. !

(2-a)Cr-[H']+[0H]

Cr (1)
where a is neutralization degree, Cz-molar concentration of substance under
study.
Under potentiometric titration of acid or protonated base by alkaline solution, one
can obtain the set of corresponding values of hydrogen ion’s free concentrations
and mean-value proton n numbers connected between each other by the equation

(2):

n




(1-n)-10"P"  (2-n)-10~%H
n= +
KZ KlKZ

. (2

where K, and K, are the dissociation constants of acid associated with 1onic
or non-ionic base for the first and second stage correspondingly.
The equation (2) can be represented as a linear dependence:

n _i+ 1 .(Z—n)[HJ’]
1-mHT] K KK, (@A-n) 3)
n =y (Z—n)[H+]=x

_l_
where (1-m)[H™] - (1-n
The pK,;=2.39; pK ,,=3.26 values have been obtained by the least-squares
method.

Equation y=a+b'
140 . Intercept 1825.27 + 107.85419
Slope 447182.66061 + 1576.5017

Residual Sum of Squares 3.19218E6
] 20 _ Pearson's r 0.9999
R-Square(COD) 0.9998
Adj. R-Square 0.99979

K,=0.000548 pK =3.26
K,=0.004082 pK_=2.39
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Figure S6. Fitting of experimental potentiometric titration data to equation 3 for

hetarylhydrazone 1

The data for protolithic equilibrium constant calculations are shown in Table
S1
Table SS5. The data for protolithic equilibrium constant calculations (pK,;, pKy,) in
the pH range of 2.61 —4.27

V |pH |a [H] [OH] n y X

0.1 |{2.61 |0.1059 |2.45E-03 |4.07E-12 |1.28 |-1.86E+03 -6.30E-03




02 |2.64 02118 |2.29E-03 |4.37E-12 |1.22 |-2.46E+03 -8.34E-03
0.3 [2.68 |0.3177 |2.09E-03 |4.79E-12 |1.16 |-3.47E+03 -1.10E-02
04 (273 |0.4236 |1.86E-03 |5.37E-12 |1.11 |-5.38E+03 -1.49E-02
0.5 [2.78 |0.5295 |1.66E-03 |6.03E-12 |1.06 |-1.14E+04 |-2.82E-02
0.6 {2.83 |0.6354 | 1.48E-03 |6.76E-12 [0.99 |1.30E+05 2.87E-01
0.7 {2.89 |0.7413 | 1.29E-03 |7.76E-12 |0.94 | 1.15E+04 2.16E-02
0.8 {296 |0.8472 |1.10E-03 |[9.12E-12 |0.88 |6.61E+03 1.01E-02
0.9 [3.03 |0.9531 |9.33E-04 |1.07E-11 |0.81 |4.68E+03 5.94E-03
1.0 {3.11 |1.0590 |7.76E-04 |1.29E-11 |0.75 |3.80E+03 3.84E-03
1.1 {3.20 |1.1649 |6.31E-04 |1.58E-11 |0.68 |3.33E+03 2.59E-03
1.2 {330 |1.2708 |5.01E-04 |[2.00E-11 |0.60 |3.04E+03 1.77E-03
1.3 {341 |1.3767 |3.89E-04 |2.57E-11 |0.53 |2.85E+03 1.21E-03
1.4 {352 |1.4826 |3.02E-04 |[3.31E-11 |0.44 |2.62E+03 8.43E-04
1.5 [3.66 |1.5885 |2.19E-04 |4.57E-11 |0.36 |2.54E+03 5.59E-04
1.6 {3.80 |1.6944 |1.58E-04 |6.31E-11 |0.27 |2.29E+03 3.74E-04
1.7 {4.00 |1.8003 |1.00E-04 |1.00E-10 |0.17 |2.12E+03 2.21E-04
1.8 {4.27 |1.9062 |537E-05 |1.86E-10 |0.08 |1.63E+03 1.12E-04

The calculation of pK,; was done by using following equation:

(1-a)C;p —[H"]+[OH"]

K, =pH +1
P P e A - [0H ]

4)

Where a is neutralization degree, Cr-molar concentration of substance under study
In the case of pH >5, the value of [H"] can be neglected.

Table S6. The data for protolithic equilibrium constant calculations (pK,;) in the
pH range of 10.53 —11.36

Vsum V for pK calcualtion | pH a [H*] [OH"] pK
2.1 0.1 10.53 | 0.1015 | 2.95E-11 | 0.000339 | 12.29762
22 0.2 10.75 | 0.203 | 1.78E-11 | 0.000562 | 11.92672
2.3 0.3 10.92 | 0.3045 | 1.2E-11 | 0.000832 | 11.89111




24 0.4 11.02 | 0.406 | 9.55E-12 | 0.001047 | 11.79334
2.5 0.5 11.14 | 0.5075 | 7.24E-12 | 0.00138 | 11.85244
2.6 0.6 11.21 | 0.609 | 6.17E-12 | 0.001622 | 11.80249
2.7 0.7 11.28 | 0.7105 | 5.25E-12 | 0.001905 | 11.79469
2.8 0.8 11.33 | 0.812 | 4.68E-12 | 0.002138 | 11.74555
2.9 0.9 11.36 | 0.9135 | 4.37E-12 | 0.002291 | 11.64655

It is difficult and challenging to accurately predict the pKa values of
polyprotic compounds. There are only a few reports in the literature where
theoretical calculations of pKa values accurately predicted experimental
measurements of polyprotic compounds.?> Also, the task becomes more difficult
while attempting to predict the pKa for OH or NH groups because these groups
have such low acidity.®

The theoretical values of pKa were calculated by using thermodynamic cycle

AGOgas ] +
HR —_— Rgas + H

gas gas

AG", (HR) G on(R)| AG oy (H")

HRaq ﬁ* R_aq + H+aq
AG,

The equilibrium constant of the studies reaction may be calculated as:

k-] 5)
[HR]

pK,=-log, K, (6)

pKa value can be calculated from the Gibbs energy in the solution for the acid

dissociation reaction:

AG

K, = 7

Pre =5 303RT )

Here AG*,q 1s the Gibbs free energy of dissociation for HR can be defined as:
AG,, =G, (H")+G,(R) -G, (HR) (8)

where * denotes the standard state condition in 1 M solution at 298.25 K.
2.303RTpK, = AG,, = AG,, +AAG,,, +AG"™ 9)

Where AGY,s and AAG*,, are given as:

AG,, =Go (R)+ Gy (H ) =G, (HR) (10)

AAG:OIV = AG:olv (R_) + AG:alv (H+) - AG:OIV (HR) (1 1)



The value of AGY,(H") was under debate in the literature for some time.
Nevertheless, the most reliable value of AG%,,,(H") is generally accepted as -265.9
kcal/mol.” For a proton in the gas phase, the experimentally determined AG%,,,(H")
of -6.28 kcal/mol was used in the calculation.® The factor AG*”" accounting for the
conversion between standard states of 1 atm and 1 mol/L was incorporated as

RTIn(24.46).

Table S7. Crystallographic data and details of the crystallographic experiment and
refinement procedure.

parameters

Compound H,L * »"H,0 2a 2¢ 3

Empirical formula CioH6N5O 5 CyoH3,CILN (NiO; CoH30.5CLMnN;gO1¢ 5 CpoHpgCICoN 4O

Formula weight 230.28 593.23 709.89 598.90

2, A 0.71073 0.7927 0.7927 0.8042

T,K 120(2) 100(2) 100(2) 293(2)

Crystal size, mm 0.32x0.20%0.20 |  0.03x0.03%0.05 0.04%0.04%0.06 0.03%x0.03%0.15

Crystal system Monoclinic Triclinic Triclinic Orthorhombic

Space group P2/n P-1 P-1 Pbca

a, A 10.0278(4) 11.070(2) 12.890(3) 8.1014(16)

b, A 10.8150(4) 11.180(2) 15.010(3) 22.215(4)

c, A 11.2650(4) 12.880(3) 15.150(3) 28.766(6)

a,° 90 70.07(3) 94.90(3) 90

B° 98.834(1) 65.63(3) 91.49(3) 90

7, ° 90 88.17(3) 96.56(3) 90

v, A3 1207.20(8) 1354.0(6) 2899.5(11) 5177.1(18)

VA 4 2 4 8

Deate, g-cm 1.267 1.455 1.626 1.537

F(000) 492 592 1466 2480

A, mm! 0.090 1.287 0.966 1.158

Bnin; Omax, ° 31.064 2.2;28.2 1.5;31.0 1.6;31.0

Index ranges -l14<h<14 -12<h<13 -l6<h<16 -9<h<10
-15<k <15 -13<k<13 -18<k <19 -28 <k <28
-l6<1 <16 -14<1 <15 -19<1<19 -36<1<36

Reflections collected 15468 16940 28426 52698

Independent 3873, 0.042 4703, 0.0268 13037, 0.043 5568, 0.0453

reflections, R;y

Reflections observed 2661 4282 11068 4836

with > 2a([)

Data / restraints / 3873/0/214 4703/0/353 13037 /6 /852 5568 /0/352




Ri; WR, (I >20(1)) 0.046; 0.122 0.0325;0.0821 0.0487; 0.1290 0.0578; 0.1300
R;; WR; [all data] 0.077; 0.139 0.0363;0.0844 0.0573; 0.1359 0.0662; 0.1346
GOF on F? 1.023 1.038 1.042 1.142




compound H2L 1H NMR DMSO-de6
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FigureS7. 'H-NMR spectrum of hetarylhydrazone 1.



Co-based cggnplex 1H NMR DMSO-d6
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FigureS8. 'H-NMR spectrum of complex 3 in DMSO
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Co-based complex 1H NMR DMSO-de+D20
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FigureS9. 'H-NMR spectrum of complex 3 in DMSO with adding of D,0O
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