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Abstract—Six-coordinate metal complexes containing tridentate Schiff bases with an ONN-chelating moi-
ety were prepared by template synthesis on tin tetrachloride using various aminophenols and α-carbonyl-sub-
stituted pyridines. The structures of five compounds were studied by X-ray diffraction (CIF files CCDC nos.
849152–1849156). The UV/Vis spectra of the obtained series of compounds were found to be highly sensitive
to the nature of substituents in the moieties of organic ligand.
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INTRODUCTION
Schiff bases are highly popular ligand systems

widely used in the design of coordination compounds
[1]. Most often, they are used to construct transition
metal complexes [2]. However, in recent years, this
type of organic ligands have been often used in the
chemistry of main group elements [3]. In particular,
the coordination chemistry of tin(IV) is vigorously
developing. Analysis of the recent literature shows a
surge of research in this area. Apart from high diversity
of structural types of tin(IV) coordination compounds
that are based on Schiff bases [4, 5], the number of
applied problems that can be solved using complexes
of this type is permanently increasing. They include a
broad range of biologically active agents possessing
antimicrobial [6], cytotoxic [7–9], bactericidal [10],
antifungal [11], DNA-directed chemotherapeutic [12,
13], anti-inflammatory [14], and antituberculosis [15]
types of action. New fluorescent biomarkers [7], lumi-
nescent materials [16, 17], fine organic synthesis cata-
lysts [18, 19], and components for nonlinear optics
materials [20] have been obtained.

Tridentate Schiff bases containing an iminopyri-
dine moiety and a phenol group capable of covalent
binding to a metal are promising ligands combining
the polydentate function and potentially biologically
active groups. Complexes of both transition (Ni [21],
Cu [22–25], Mn [26, 27], Co [22], Fe [28–30], Zn
[21, 22, 31], Cd [21, 31]) and main group (Pb [32]) ele-
ments have been prepared with ligands of this type.
Tin compounds with these ligands are at the center of
attention of many researchers due to their structural
diversity and potential applications [33–35]. It was

shown [36] that pentadentate ligands containing an
iminopyridine moiety are successfully assembled in
the tin coordination sphere. This communication
describes the template synthesis of a series of tin(IV)
complexes (I–XIX) containing various tridentate
Schiff bases from substituted o-aminophenols and
α-carbonyl-substituted pyridines with participation of
tin tetrachloride.

EXPERIMENTAL
The following commercial chemicals were used:

2-pyridinecarboxaldehyde (Aldrich), 2-benzoylpyri-
dine (Aldrich), 2-acetylpyridine (Aldrich), SnCl4 (Al-
drich), 4,6-di-tert-butyl-o-aminophenol (Aldrich),
4-methyl-o-aminophenol (Aldrich), 5-methyl-o-
aminophenol (Aldrich), 4-tert-butyl-o-aminophenol
(Aldrich), 4-chloro-o-aminophenol (Aldrich),
4-nitro-o-aminophenol (Aldrich), and 6-chloro-
4-nitro-o-aminophenol (Aldrich). The reagent grade
and analytical grade solvents were dried by standard
procedures [37].

IR spectra were measured on an FSM-1201 FT IR
spectrometer (mineral oil mulls; KBr cells). NMR
spectra were recorded in CDCl3 (I, VIII, X, XI, XII,
and XV) and (CD3)2CO (II, III, IV, V, VI, IX, XIII,
XIV, XVI, XVII, XVIII, XIX) on a Bruker Avance III
NMR spectrometer (400 MHz) with Me4Si as the
internal standard. UV/Vis spectra were measured on
Perkin-Elmer Lambda 25 and SHIMADZU UV-3600
spectrometers.

Synthesis of complexes I–XIX. All operations on
the synthesis and investigation of tin complexes with
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tridentate ONN-ligands were carried out under aero-
bic conditions. A solution of 2-pyridinecarboxalde-
hyde (I–VII) (or 2-benzoylpyridine (VIII–XIV),
2-acetylpyridine (XV–XIX)) (1 mmol) and 4,6-di-
tert-butyl-o-aminophenol (I, VIII, XV) (or any of
4-methyl-o-aminophenol (II, IX, XVI), 5-methyl-o-
aminophenol (III, X, XVII), 4-tert-butyl-o-amino-
phenol (IV, XI, XVIII), 4-chloro-o-aminophenol (V,
XII, XIX), 4-nitro-o-aminophenol (VI, XIII), and
6-chloro-4-nitro-o-aminophenol (VII, XIV)) (1 mmol)
in methanol (15 mL) were added with stirring at 50°C
to a solution of tin tetrachloride (1 mmol) in methanol
(30 mL). The color of the reaction mixture gradually
changed during 15 min. The stirring was continued for
6 h, which resulted in quantitative precipitation of
the target complex as a finely crystalline solid. The
crystals of complexes I, VIII, IX, X, and XII suitable
for X-ray diffraction were obtained by slow evapora-
tion of methanol solutions of the compounds.

2,4-Di-tert-butyl-6-((pyridin-2-ylmethylene)ami-
no)phenolatotrichlorotin(IV) (I): violet crystals, 70%
yield.

IR (ν, cm–1): 1608 s, 1598 s, 1530 s, 1478 s, 1445 s,
1363 s, 1297 s, 1275 s, 1243 s, 1197 s, 1161 s, 920 s,
862 s, 827 s, 765 s.

1H NMR (CDCl3; 293 K; δ, ppm): 1.32 (s, 9H,
t-Bu), 1.48 (s, 9H, t-Bu), 7.33 (d, J = 2.1 Hz, 1Har),
7.54 (d, J = 2.1 Hz, 1Har), 7.84 (m, 1HPy), 8.02 (d, J =
7.8 Hz, 1HPy), 8.29 (td, J = 7.8 Hz, J = 1.3 Hz, 1HPy),
8.64 (s, J (119Sn–1H) = 98.3 Hz, C–H), 9.12 (d, J =
5.1 Hz, J (119Sn–1H) = 25.4 Hz, 1HPy); 13C NMR
(CDCl3; 293 K; δ, ppm): 29.2 (CH3(t-Bu)), 30.1
(CH3(t-Bu)), 35.1 (C(t-Bu)), 35.6 (C(t-Bu)), 110.6,
123.2, 128.0, 128.2, 131.8, 133.0, 141.5, 141.7, 142.8,
142.9, 145.9 (Carl), 157.3 (C=N); 119Sn NMR (CDCl3;
293 K; δ, ppm): –514.

UV (λ, nm (ε, L cm–1 mol–1)), acetonitrile: 367
(10979), 494 (7456); toluene: 378 (13370), 522
(10750); methanol: 369 (10690), 497 (7650); diethyl
ether: 373 (13970), 515 (10550); dichloromethane: 381
(10440), 521 (10440).

4-Methyl-2-((pyridin-2-ylmethylene)amino)phe-
nolatotrichlorotin(IV) (II): red-violet finely crystal-
line powder, 72% yield.

IR (ν, cm–1): 1606 s, 1540 s, 1489 s, 1290 s, 1276 s,
1242 s, 1211 s, 1149 s, 881 s, 819 s, 812 s, 778 s.

For C20H25N2OCl3Sn
Anal. calcd., % C, 44.88 H, 4.86 Cl, 19.93
Found, % C, 45.01 H, 4.99 Cl, 19.72

For C13H11N2OCl3Sn
Anal. calcd., % C, 35.79 H, 2.54 Cl, 24.38
Found, % C, 35.81 H, 2.45 Cl, 24.32
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1H NMR ((CD3)2CO); 293 K; δ, ppm): 2.32 (s,
3H, CH3), 6.94 (d, J = 8.5 Hz, 1Har), 7.34 (dd, J =
2.4 Hz, J = 8.5 Hz, 1Har), 7.73 (s, 1Har), 8.27 (m,
1HPy), 8.53 (m, 1HPy), 8.70 (td, J = 7.8 Hz, J = 1.3 Hz,
1HPy), 9.18 (d, J = 5.3 Hz, 1HPy), 9.52 (s, 1H, C–H);
119Sn NMR ((CD3)2CO); 293 K; δ, ppm): –513.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 350
(10729), 480 (7518).

5-Methyl-2-((pyridin-2-ylmethylene)amino)phe-
nolatotrichlorotin(IV) (III): red finely crystalline
powder, 69% yield.

IR (ν, cm–1): 1602 s, 1588 s, 1537 s, 1485 s, 1298 s,
1285 s, 1244 s, 1157 s, 1125 s, 925 s, 902 s, 806 s, 806 s,
799 s, 773 s, 730 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 2.36 (s,
3H, CH3), 6.77 (d, J = 8.4 Hz, 1Har), 6.87 (s, 1Har),
7.87 (d, J = 8.4 Hz, 1Har), 8.25 (m, 1HPy), 8.50 (m,
1HPy), 8.69 (m, 1HPy), 9.16 (d, J = 5.1 Hz, 1HPy), 9.47
(s, J (119Sn–1H) = 108.6 Hz, C–H); 13C NMR
((CD3)2CO); 293 K; δ, ppm): 21.2 (CH3); 118.4, 119.8,
120.3, 129.7, 130.2, 136.3, 138.3, 144.5, 145.6, 147.1,
147.4 (Car); 157.1 (C=N); 119Sn NMR ((CD3)2CO);
293 K; δ, ppm): –513.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 358
(5473), 461 (5228).

4-(tert-Butyl)-2-((pyridin-2-ylmethylene)ami-
no)phenolatotrichlorotin(IV) (IV): red finely crystal-
line powder, 56% yield.

IR (ν, cm–1): 1602 s, 1526 s, 1487 s, 1365 s, 1275 s,
1241 s, 1173 s, 1155 s, 1131 s, 922 s, 839 s, 781 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 1.35 (s,
9H, t-Bu), 6.98 (d, J = 8.9 Hz, J (119Sn–1H) = 7.6 Hz
1Har), 7.62 (dd, J = 8.9 Hz, J = 2.4 Hz, 1Har), 7.94 (d,
J = 2.4 Hz, 1Har), 8.26 (m, 1HPy), 8.52 (m, 1HPy), 8.70
(td, J = 7.8 Hz, J = 1.5 Hz, J (119Sn–1H) = 6.4 Hz,
1HPy), 9.18 (d, J = 5.3 Hz, J (119Sn–1H) = 26.8 Hz,
1HPy), 9.62 (s, J (119Sn–1H) = 109.0 Hz, C–H). 13C
NMR ((CD3)2CO); 293 K; δ, ppm): 30.5 (CH3(t-
Bu)), 34.1 (C(t-Bu)); 114.7, 119.5, 129.9, 130.4, 133.5;
134.5, 139.1, 141.4, 142.0, 144.5, 145.6 (Car);
156.9 (C=N); 119Sn NMR ((CD3)2CO); 293 K; δ,
ppm): –514.

For C13H11N2OCl3Sn
Anal. calcd., % C, 35.79 H, 2.54 Cl, 24.38
Found, % C, 35.92 H, 2.75 Cl, 24.12

For C16H17Cl3N2OSn
Anal. calcd., % C, 40.17 H, 3.58 Cl, 22.23
Found, % C, 40.35 H, 3.67 Cl, 22.02
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UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 352
(10346), 478(7241).

4-Chloro-2-((pyridin-2-ylmethylene)amino)phe-
nolatotrichlorotin(IV) (V): orange finely crystalline
powder, 35% yield.

IR (ν, cm–1): 1599 s, 1590 s, 1473 s, 1289 s, 1270 s,
1239 s, 1228 s, 1173 s, 1157 s, 1119 s, 1026 s, 940 s, 875 s,
816 s, 775 s, 661 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 7.08 (d, J =
9.0 Hz 1Har), 7.52 (dd, J = 9.0 Hz, J = 9.0 Hz, 1Har),
8.04 (d, J = 8.7 Hz, 1Har), 8.34 (m, 1HPy), 8.59 34 (m,
1HPy), 8.76 (td, J = 7.7Hz, J = 1.5 Hz, 1HPy), 9.22 (d,
J = 5.1 Hz, 1HPy), 10.04 (s, C–H).

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 338
(10520), 468 (7447).

4-Nitro-2-((pyridin-2-ylmethylene)amino)phe-
nolatotrichlorotin(IV) (VI): orange finely crystalline
powder, 36% yield.

IR (ν, cm–1): 1595 s, 1571 s, 1504 s, 1483 s, 1345 s,
1300 s, 1286 s, 1255 s, 1134 s, 1028 s, 885 s, 778 s, 748 s,
657s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 7.24 (d, J =
9.3 Hz 1Har), 8.4 (m, 2H, 1Har, 1HPy), 8.72 (d, J =
8.7 Hz, 1Har), 8.83 (m, 1HPy), 8.96 (d, J = 2.6 Hz,
1HPy), 9.26 (d, J = 5.3 Hz, 1HPy), 10.04 (s, J(119Sn–
1H) = 104.4 Hz, C–H); 13C NMR ((CD3)2CO);
293 K; δ, ppm): 116.0, 120.1, 124.0, 129.4, 131.3,
138.9, 140.5, 143.3, 145.1, 145.2, 146.2 (Car), 163.0
(C=N);

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 318
(19257), 428 (8955).

2-Chloro-4-nitro-6-((pyridin-2-ylmethylene)ami-
no)phenolatotrichlorotin(IV) (VII): orange finely
crystalline powder, 32% yield.

IR (ν, cm–1): 1590 s, 1570 s, 1504 s, 1479 s, 1331 s,
1326 s, 1301 s, 1233 s, 903 s, 875 s, 776 s, 754 s, 743 s.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 326
(17532), 425 (6994).

For C12H8N2OCl4Sn
Anal. calcd., % C, 40.17 H, 3.58 Cl, 22.23
Found, % C, 40.32 H, 3.83 Cl, 21.98

For C12H8N3O3Cl3Sn
Anal. calcd., % C, 30.84 H, 1.73 Cl, 22.76
Found, % C, 31.02 H, 1.91 Cl, 22.49

For C12H7Cl4N3O3Sn
Anal. calcd., % C, 28.73 H, 1.41 Cl, 28.26
Found, % C, 28.92 H, 1.63 Cl, 27.99
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2,4-Di-tert-butyl-6-((phenyl(pyridin-2-yl)methy-
lene)amino)phenolatotrichlorotin(IV) (VIII): violet
crystals, 65% yield.

IR (ν, cm–1): 1593 s, 1542 s, 1532 s, 1440 s, 1364 s,
1309 s, 1267 s, 1247 s, 1202 s, 1148 s, 1030 s, 999 s,
832 s, 789 s, 747 s, 697 s.

1H NMR (CDCl3; 293 K; δ, ppm): 0.92 (s, 9H, t-
Bu), 1.46 (s, 9H, t-Bu), 6.37 (s, 1Har), 7.37 (s, 1Har),
7.51 (m, 2Har), 7.62 (d, J = 7.9 Hz, 1Har), 7.74 (m, 3H,
2Har and 1HPy), 7.86 (m, 1HPy), 8.18 (td, J = 7.9 Hz,
J = 1.5 Hz, 1HPy), 9.28 (d, J = 5.3 Hz, 1HPy); 13C
NMR (CDCl3; 293 K; δ, ppm): 29.3 (CH3(t-Bu)),
30.6 (CH3(t-Bu)), 34.0 (C(t-Bu)), 35.6 (C(t-Bu)),
116.4 (J (119Sn) = 36.5 Hz), 124.6, 127.4, 127.7, 127.8,
130.3, 130.7, 131.4, 131.5, 140.14, 140.8, 143.0, 144.3,
145.1 (J (119Sn) = 19.2 Hz), 146.7 (Car), 157.5 (C=N);
119Sn NMR (CDCl3; 293 K; δ, ppm): –507.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 369
(9986), 501 (7501).

4-Methyl-2-((phenyl(pyridin-2-yl)methylene)ami-
no)phenolatotrichlorotin(IV) (IX): dark red crystals,
59% yield.

IR (ν, cm–1): 1597 s, 1536 s, 1483 s, 1444с, 1311 s,
1271 s, 1236 s, 1142 s, 1115 s, 835 s, 817 s, 788 s, 704 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 1.90 (s,
3H, CH3), 6.16 (s, 1Har), 6.92 (d, J = 8.5 Hz, 1Har),
7.20 (dd, J = 8.5 Hz, J = 2.3 Hz, 1Har), 7.65 (m, 2Har),
7.88 (m, 3Har), 7.98 (d, J = 8.0 Hz, 1HPy), 8.31 (m,
1HPy), 8.63 (m, 1HPy), 9.30 (d, J = 5.3 Hz, 1HPy);
119Sn NMR ((CD3)2CO); 293 K; δ, ppm): –506.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 352
(6420), 486 (5125).

5-Methyl-2-((phenyl(pyridin-2-yl)methylene)amino)-
phenolatotrichlorotin(IV) (X · MeOH): red crystals,
42% yield.

IR (ν, cm–1): 1594 s, 1444 s, 1307 s, 1268 s, 1160 s,
1115 s, 984 s, 792 s, 747 s, 705 s.

For C26H29N2OCl3Sn
Anal. calcd., % C, 51.14 H, 4.79 Cl, 17.42
Found, % C, 51.32 H, 4.90 Cl, 17.39

For C19H15Cl3N2OSn
Anal. calcd., % C, 44.54 H, 2.95 Cl, 20.76
Found, % C, 44.75 H, 3.14 Cl, 20.43

For C20H19Cl3N2O2Sn
Anal. calcd., % C, 44.12 H, 3.52 Cl, 19.53
Found, % C, 44.35 H, 3.81 Cl, 19.21
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1H NMR (CDCl3; 293 K; δ, ppm): 2.25 (s, 3H,
Me), 6.25 (m, 2Har), 6.94 (s, 1Har), 7.49 (m, 2Har),
7.62 (d, J = 8.0 Hz, 1Har), 7.74 (m, 3H, 2Har and
1HPy), 7.89 (m, 1HPy), 8.20 (td, J = 7.8 Hz, J = 1.5 Hz,
1HPy), 9.25 (d, J = 5.2 Hz, 1HPy); 13C NMR (CDCl3;
293 K; δ, ppm): 22.0 (CH3), 120.6, 120.9, 121.9, 123.2,
127.4, 127.9, 128.0, 130.8, 130.83, 131.8, 143.2, 144.0,
145.2, 146.9, 147.3 (Car), 159.9 (C=N); 119Sn NMR
(CDCl3; 293 K; δ, ppm): –503.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 362
(8164), 466 (8663).

4-(tert-Butyl)-2-((phenyl(pyridin-2-yl)methylene)ami-
no)phenolatotrichlorotin(IV) (XI): crimson-colored finely
crystalline powder, 33% yield.

IR (ν, cm–1): 1599 s, 1536 s, 1483 s, 1366 s, 1269 s,
1249 s, 1153 s, 832 s, 706 s, 579 s.

1H NMR (CDCl3; 293 K; δ, ppm): 0.92 (s, 9H, t-
Bu), 6.48 (d, J = 2.2 Hz, 1Har), 7.06 (d, J = 8.8 Hz,
1Har), 7.37 (dd, J = 2.2 Hz, J = 8.8 Hz, 1Har), 7.53 (m,
2Har), 7.66 (d, J = 7.8 Hz, 1Har), 7.76 (m, 3H, 2Har
and 1HPy), 7.91 (m, 1HPy), 8.21 (td, J = 7.8 Hz, J =
1.5 Hz, 1HPy), 9.28 (d, J = 5.0 Hz, 1HPy); 13C NMR
(CDCl3; 293 K; δ, ppm): 30.6 (CH3(t-Bu)), 34.0 (C(t-
Bu)), 118.5, 120.4, 124.4, 127.5, 127.5, 127.8, 128.1,
130.8, 130.8, 131.0, 131.7, 133.7, 141.6, 143.1, 144.0,
145.3, 147.4 (Car), 158.0 (C=N); 119Sn NMR (CDCl3;
293 K; δ, ppm): –504.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 354
(8353), 484 (6534).

4-Chloro-2-((phenyl(pyridin-2-yl)methylene)amino)-
phenolatotrichlorotin(IV) (XII): red crystals, 36%
yield.

IR (ν, cm–1): 1592 s, 1470 s, 1308 s, 1296 s, 1266 s,
1239 s, 1228 s, 1148 s, 1032 s, 988 s, 837 s, 796 s, 746 s,
703 s, 667 s, 576 s.

1H NMR (CDCl3; 293 K; δ, ppm): 6.26 (d, J =
2.3 Hz, 1Har), 7.09 (d, J = 9.0 Hz, 1Har), 7.50 (d, J =
7.8 Hz, 2Har), 7.76 (d, J = 7.8 Hz, 1Har), 7.81 (m, 4H,
3Har and 1HPy), 7.97 (m, 1HPy), 8.26 (m, 1HPy), 9.30
(d, J = 5.4 Hz, 1HPy); 13C NMR (CDCl3; 293 K; δ,
ppm): 121.7, 122.2, 123.4, 125.4, 127.0, 127.0, 128.4,
128.7, 129.9, 131.0, 132.2, 135.1, 136.2, 143.3, 143.6,

For C22H21Cl3N2OSn
Anal. calcd., % C, 47.65 H, 3.82 Cl, 19.18
Found, % C, 47.84 H, 4.07 Cl, 18.97

For C18H12Cl4N2OSn
Anal. calcd., % C, 40.57 H, 2.27 Cl, 26.62
Found, % C, 40.84 H, 2.52 Cl, 26.38
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145.5, 149.9 (Car), 158.6 (C=N); 119Sn NMR (CDCl3;
293 K; δ, ppm): –503.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 326
(8890), 474 (6720).

4-Nitro-2-((phenyl(pyridin-2-yl)methylene)amino)-
phenolatotrichlorotin(IV) (XIII): orange finely crys-
talline powder, 48% yield.

IR (ν, cm–1): 1594 s, 1568 s, 1346 s, 1314 s, 1249 s,
1127 s, 842 s, 816 s, 801 s, 747 s, 733 s, 703 s, 658 s,
573 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 7.21 (d, J =
9.3 Hz, J (119Sn–1H) = 6.9 Hz, 1Har), 7.43 (d, J =
2.7 Hz, 1Har), 7.76 (m, 2Har), 7.94 (m, 3Har), 8.18 (d,
J = 7.8 Hz, 1HPy), 8.26 (dd, J = 9.3 Hz, J = 2.7 Hz,
1Har), 8.45 (m, 1HPy), 8.74 (td, J = 7.8 Hz, J = 1.5 Hz,
1HPy), 9.37 (d, J = 5.2 Hz, 1HPy); 13C NMR
((CD3)2CO); 293 K; δ, ppm): 118.9, 120.3, 124.4,
126.9, 128.8, 129.6, 130.89, 130.9, 131.2, 132.6, 138.4,
142.4, 145.5, 146.0, 155.6 (Car), 163.9 (C=N); 119Sn
NMR ((CD3)2CO); 293 K; δ, ppm): –505.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 317
(20803), 435 (9079).

2-Chloro-4-nitro-6-((phenyl(pyridin-2-yl)meth-
ylene)amino)phenolatotrichlorotin(IV) (XIV): yellow
finely crystalline powder, 30% yield.

IR (ν, cm–1): 1595 s, 1586 s, 1514 s, 1335 s, 1310 s,
1291 s, 1227 s, 891 s, 750 s, 738 s, 696 s, 610 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 7.39 (d, J =
2.7 Hz, 1Har), 7.79 (m, 2Har), 7.94(m, 4Har), 8.24 (d,
J = 7.9 Hz, 1Har), 8.36 (m, 1HPy), 8.50 (m, 1HPy), 8.77
(td, J = 7.9 Hz, J = 1.5 Hz, 1HPy) , 9.41 (d, J = 5.2 Hz,
1HPy); 119Sn NMR ((CD3)2CO); 293 K; δ, ppm):
‒507.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 320
(20090), 432 (8018).

2,4-Di-tert-butyl-6-((1-(pyridin-2-yl)ethylide-ne)ami-
no)phenolatotrichlorotin(IV) (XV): violet finely crys-
talline powder, 56% yield.

For C18H12Cl3N3O3Sn
Anal. calcd., % C, 39.79 H, 2.23 Cl, 19.57
Found, % C, 40.02 H, 2.46 Cl, 19.36

For C18H18Cl4N3O3Sn
Anal. calcd., % C, 37.42 H, 1.92 Cl, 24.54
Found, % C, 37.65 H, 2.12 Cl, 24.39

For C21H27Cl3N2OSn
Anal. calcd., % C, 45.98 H, 4.96 Cl, 19.39
Found, % C, 46.15 H, 5.22 Cl, 19.11
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IR (ν, cm–1): 1597 s, 1476 s, 1438 s, 1367 s, 1261 s,
1245 s, 1203 s, 1168 s, 835 s, 771 s, 766 s.

1H NMR (CDCl3; 293 K; δ, ppm): 1.33 (s, 9H, t-
Bu), 1.49 (s, 9H, t-Bu), 3.04 (s, 3H, CH3), 7.44 (d, J =
1.8 Hz, 1Har), 7.54 (d, J = 1.8 Hz, 1Haryl), 7.91 (m,
1HPy), 8.26 (d, J = 8.0 Hz, 1HPy), 8.38 (td, J = 8.0 Hz,
J = 1.2 Hz, 1HPy), 9.25 (d, J = 4.8 Hz, J (119Sn–1H) =
27.8 Hz, 1HPy); 13C NMR (CDCl3; 293 K; δ, ppm):
18.2 (CH3), 29.3 (CH3(t-Bu)), 31.2 (CH3(t-Bu)), 34.5
(C(t-Bu)), 35.6 (C(t-Bu)), 116.3, 125.3, 125.6, 127.7,
129.8, 140.2, 140.8, 143.4, 144.2, 145.3, 147.8 (Car),
156.5 (C=N); 119Sn NMR (CDCl3; 293 K; δ, ppm):
‒509.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 357
(6773), 480 (4331).

4-Methyl-2-((1-(pyridin-2-yl)ethylidene)amino)phe-
nolatotrichlorotin(IV) (XVI): red-orange finely crystalline
powder, 52% yield.

IR (ν, cm–1): 1597 s, 1548 s, 1487 s, 1447 s, 1370 s,
1291 s, 1262 s, 1246 s, 1135 s, 1028 s, 825 s, 783 s, 773 s,
591 s, 568 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 2.86 (s,
3H, CH3), 3.29 (s, 3H, CH3), 6.96 (d, J = 8.5 Hz,
J (119Sn–1H) = 7.8 Hz, 1Har), 7.31 (dd, J = 8.7 Hz, J =
2.3 Hz, 1Har), 7.77 (s, 1Har), 8.31 (m, 1HPy), 8.76 (m,
1HPy), 8.88 (d, J = 8.2 Hz, 1HPy), 9.25 (d, J = 5.3 Hz,
1HPy); 13C NMR ((CD3)2CO); 293 K; δ, ppm): 17.78
(CH3), 30.62 (CH3), 119.2, 119.4, 119.6, 123.2, 127.8,
127.9, 129.4, 131.7, 134.9, 144.9, 145.0 (Car),
157.03 (C=N); 119Sn NMR ((CD3)2CO); 293 K; δ,
ppm): –507.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 350
(10730), 480 (7520).

5-Methyl-2-((1-(pyridin-2-yl)ethylidene)amino)-
phenolatotrichlorotin(IV) (XVII): orange finely crys-
talline powder, 48% yield.

IR (ν, cm–1): 1610 s, 1598 s, 1586 s, 1562 s, 1480 s,
1441 s, 1366 s, 1299 s, 1263 s, 1249 s, 1166 s, 1140 s,
1120 s, 1030 s, 809 s, 774 s, 735 s, 580 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 2.36 (s,
3H, CH3), 3.24 (s, 3H, CH3, J (119Sn–1H) =
131.0 Hz), 6.77 (dd, J = 8.6 Hz, J = 1.9 Hz, 1Har), 6.90
(s, 1Har), 7.84 (d, J = 8.6 Hz, 1Har), 8.30 (m, 1HPy),

For C14H13Cl3N2OSn
Anal. calcd., % C, 37.34 H, 2.91 Cl, 23.62
Found, % C, 37.62 H, 3.13 Cl, 23.39

For C14H13Cl3N2OSn
Anal. calcd., % C, 37.34 H, 2.91 Cl, 23.62
Found, % C, 37.45 H, 3.01 Cl, 23.44
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8.75 (m, 1HPy), 8.86 (d, J = 7.9 Hz, 1HPy), 9.24 (d, J =
5.1 Hz, J (119Sn–1H) = 31.0 Hz, 1HPy); 119Sn NMR
((CD3)2CO); 293 K; δ, ppm): –507.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 349
(6807), 448 (6140).

4-(tert-Butyl)-2-((1-(pyridin-2-yl)ethylidene)ami-
no)phenolatotrichlorotin(IV) (XVIII): red finely crystal-
line powder, 33% yield.

IR (ν, cm–1): 1597 s, 1538 s, 1486 s, 1365 s, 1358 s,
1259 s, 1248 s, 1186 s, 1144 s, 1031 s, 839 s, 833 s, 778 s,
721 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 1.37 (s,
9H, t-Bu), 3.33 (s, 3H, CH3), 7.01 (d, J = 8.9 Hz,
J (119Sn–1H) = 7.6 Hz, 1Har), 7.57 (dd, J = 8.9 Hz, J =
2.7 Hz, 1Har), 7.86 (d, J = 2.4 Hz, 1Har), 8.31 (m,
1HPy), 8.79 (td, J = 8.1 Hz, J = 1.6 Hz, 1HPy), 8.89 (d,
J = 8.1 Hz, 1HPy), 9.25 (d, J = 5.4 Hz, J (119Sn–1H) =
31.5 Hz, 1HPy); 119Sn NMR ((CD3)2CO); 293 K; δ,
ppm): –507.

UV ((λ, nm (ε, L cm–1 mol–1)): acetonitrile: 342
(751), 464 (4923).

4-Chloro-2-((1-(pyridin-2-yl)ethylidene)amino)phe-
nolatotrichlorotin(IV) (XIX): orange finely crystalline
powder, 23% yield.

IR (ν, cm–1): 1594 s, 1546 s, 1480 s, 1376 s, 1368 s,
1285 s, 1261 s, 1245 s, 1194 s, 1169 s, 1130 s, 1123 s,
1101 s, 1029 s, 871 s, 835 s, 827 s, 784 s, 772 s, 669 s,
590 s, 565 s.

1H NMR ((CD3)2CO); 293 K; δ, ppm): 3.37 (s,
3H, CH3), 7.09 (d, J = 9.0 Hz, J (119Sn–1H) = 7.2 Hz,
1Har), 7.49 (dd, J = 9.0 Hz, J = 2.5 Hz, J (119Sn–1H) =
8.0 Hz, 1Har), 7.95 (d, J = 2.5 Hz, 1Har), 8.37 (m,
1HPy), 8.81 (td, J = 7.9 Hz, J = 1.6 Hz, 1HPy), 8.97 (d,
J = 7.9 Hz, 1HPy), 9.27 (dd, J = 5.4 Hz, J = 1.6 Hz,
1HPy); 13C NMR ((CD3)2CO); 293 K; δ, ppm): 17.7
(CH3), 120.9, 122.2, 122.9, 126.7, 128.4, 129.0, 130.0,
133.4, 133.5, 145.1, 145.2 (Car), 157.5 (C=N); 119Sn
NMR ((CD3)2CO); 293 Kδ, ppm): –506.

UV (λ, nm (ε, L cm–1 mol–1)): acetonitrile: 330
(7247), 453 (4917).

X-ray diffraction analysis of complexes I, VIII–X,
and XII was carried out on Bruker Smart Apex (VIII,
X) and Agilent Xcalibur E (I, IX, XII) diffractometers

For C17H19Cl3N2OSn
Anal. calcd., % C, 41.47 H, 3.89 Cl, 21.60
Found, % C, 41.72 H, 3.99 Cl, 21.29

For C13H10Cl4N2OSn
Anal. calcd., % C, 33.17 H, 2.14 Cl, 30.12
Found, % C, 33.40 H, 2.28 Cl, 29.93
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Table 1. Crystallographic data and X-ray experiment details for complexes I, VIII–X, and XII

Complex I VIII IX X · MeOH XII

System Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group P21/с P21/n P21/n P21/с P21/n

a,Å 13.9657(2) 13.2864(5) 9.21140(10) 13.5209(6) 9.1668(2)
b, Å 12.12140(10) 14.9148(5) 15.51260(10) 14.4120(6) 15.5670(3)
c, Å 14.3498(2) 13.3845(5) 13.56540(10) 22.3666(10) 13.5275(3)
β, deg 109.512(2) 96.2550(10) 98.8020(10) 103.0010(10) 98.060(2)

V, Å3 2289.68(6) 2636.54(17) 1915.57(3) 4246.7(3) 1911.30(7)

Z 4 4 4 8 4

ρ(calcd.), Mg/m3 1.550 1.538 1.777 1.703 1.852

μ, mm–1 1.478 1.295 1.763 1.599 1.906

θ, deg 2.89–30.03 2.05–28.70 3.18–30.03 1.69–27.89 2.88–30.03
Number of observed 
reflections

45565 27234 69507 41573 37494

Number of unique 
reflections

6696 6792 5583 10116 5576

Rint 0.0525 0.0303 0.0284 0.0255 0.0995

S(F 2) 1.033 1.058 1.065 1.047 0.998

R1/wR2 (I > 2σ(I)) 0.0262/0.0469 0.0283/0.0652 0.0144/0.0358 0.0240/0.0558 0.0385/0.0511

R1/wR2 (for all 
parameters)

0.0374/0.0494 0.0366/0.0689 0.0151/0.0362 0.0317/0.0589 0.0643/0.0557

Δρmax/Δρmin), e Å–3 0.468/–0.488 1.266/–0.320 0.480/–0.331 0.785/–0.369 0.891/–0.601
(ω-scan mode, MoKα radiation, λ = 0.71073 Å, T =
100(2) K). The structures were solved by direct meth-
ods and refined by full-matrix least-squares method
on  in the anisotropic approximation for nonhy-
drogen atoms. The hydrogen atoms in I, VIII–X, and
XII were placed into geometrically calculated posi-
tions and refined isotropically with fixed thermal
parameters U(H)iso = 1.2U(C)eq (U(H)iso = 1.5U(C)eq
for methyl groups). The integration of experimental
intensity sets, absorption correction, and structure
refinement were carried out using SAINT [38], SAD-
ABS [39], SHELX [40], and CrysAlisPRO [41] pro-
gram packages. The crystallographic data and X-ray
experiment details are summarized in Table 1 and
selected bond lengths and bond angles are in Table 2.

The structures are deposited with the Cambridge
Crystallographic Data Centre (no. 1849152 (I),
1849153 (VIII), 1849154 (IX), 1849155 (X), 1849156
(XII); http://ccdc.cam.ac.uk/getstructures).

Quantum chemical calculations for complex I were
carried out using the Gaussian 09 program [42] by
density functional theory (DFT) with the B3LYP
functional [43] and the all-electron DGDZVP basis
set for all atoms. The absence of imaginary frequencies

2
hklF
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
indicates that the optimized molecule corresponds to
the potential energy minimum.

RESULTS AND DISCUSSION
Tin complexes with Schiff bases containing an imi-

nopyridine moiety and a phenol group capable of
covalent binding to metal were prepared by template
synthesis from tin tetrachloride, a variety of o-amino-
phenols and α-carbonyl-substituted pyridines. The
prepared compounds contained substituents of vari-
ous nature in the phenolate moiety of the ligand and at
the imine carbon atom (Scheme 1). The best yields
were attained for compounds containing an unsubsti-
tuted carbon atom at the imine nitrogen and electron-
donating alkyl substituents in the initial aminophenol.
The reactions proceed smoothly on moderate heating
in a methanol solution and are completed within 20–
30 min. For more complete precipitation of the
intensely colored tin complexes, the reaction mixture
was stirred for several hours at 50°C and cooled down
to room temperature. After air-drying, the precipi-
tated target product is analytically pure and does not
require recrystallization. The products are stable to
oxygen and air moisture both in the crystalline state
and in solution.
  Vol. 45  No. 3  2019



194

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45  No. 3  2019

PISKUNOV et al.

Table 2. Selected bond lengths (Å) and angles (deg) in complexes I, VIII–X, XII

Bond
I VIII IX X(A) X(B) XII

d, Å

Sn(1)–O(1) 2.030(2) 2.011(2) 2.0285(8) 2.031(2) 2.041(2) 2.038(2)

Sn(1)–N(1) 2.200(2) 2.209(2) 2.2017(8) 2.196(2) 2.205(2) 2.205(2)

Sn(1)–N(2) 2.229(2) 2.203(2) 2.2110(9) 2.217(2) 2.196(2) 2.212(2)

Sn(1)–Cl(1) 2.4303(5) 2.4004(5) 2.3949(3) 2.4226(5) 2.4359(6) 2.4229(7)

Sn(1)–Cl(2) 2.3486(5) 2.3466(5) 2.3506(3) 2.3441(5) 2.3347(5) 2.3528(7)

Sn(1)–Cl(3) 2.3892(5) 2.4119(5) 2.4280(2) 2.4014(5) 2.3874(6) 2.3849(8)

O(1)–C(1) 1.339(2) 1.339(2) 1.342(2) 1.339(2) 1.352(2) 1.342(3)

N(1)–C(7) 1.281(2) 1.294(3) 1.299(2) 1.289(3) 1.289(3) 1.294(3)

N(1)–C(2) 1.398(2) 1.405(3) 1.401(2) 1.409(2) 1.406(3) 1.403(4)

N(2)–C(12) 1.338(2) 1.334(3) 1.337(2) 1.331(2) 1.333(3) 1.330(4)

N(2)–C(8) 1.361(2) 1.357(3) 1.359(2) 1.360(2) 1.358(3) 1.367(3)

C(1)–C(2) 1.419(2) 1.424(3) 1.424(2) 1.416(3) 1.422(3) 1.426(4)

C(1)–C(6) 1.424(2) 1.410(3) 1.404(2) 1.402(3) 1.393(3) 1.407(4)

C(2)–C(3) 1.401(2) 1.401(3) 1.410(2) 1.401(3) 1.409(3) 1.406(4)

C(3)–C(4) 1.379(2) 1.381(3) 1.385(2) 1.376(3) 1.377(3) 1.375(4)

C(4)–C(5) 1.416(2) 1.410(3) 1.409(2) 1.401(3) 1.403(3) 1.396(4)

C(5)–C(6) 1.382(2) 1.394(3) 1.384(2) 1.389(3) 1.390(3) 1.375(4)

C(7)–C(8) 1.465(2) 1.481(3) 1.479(2) 1.482(3) 1.487(3) 1.481(4)

C(8)–C(9) 1.384(2) 1.386(3) 1.389(2) 1.386(3) 1.381(3) 1.380(4)

C(9)–C(10) 1.393(3) 1.392(3) 1.397(2) 1.392(3) 1.390(3) 1.387(4)

C(10)–C(11) 1.381(3) 1.377(3) 1.386(2) 1.380(3) 1.379(3) 1.383(4)

C(11)–C(12) 1.386(3) 1.389(3) 1.396(2) 1.386(3) 1.390(3) 1.383(4)

Angles ω, deg

O(1)Sn(1)N(1) 78.22(5) 78.63(6) 79.56(3) 79.45(6) 78.98(6) 79.40(8)

O(1)Sn(1)N(2) 151.84(5) 152.79(6) 153.80(3) 153.94(6) 154.11(6) 153.62(8)

N(1)Sn(1)N(2) 73.62(5) 74.19(6) 74.48(3) 74.59(6) 75.13(6) 74.42(9)

O(1)Sn(1)Cl(1) 90.38(4) 91.47(5) 92.09(3) 89.93(4) 92.69(5) 91.52(6)

N(1)Sn(1)Cl(1) 85.10(4) 91.76(5) 84.03(2) 85.81(5) 89.82(5) 83.95(6)

N(2)Sn(1)Cl(1) 87.06(4) 88.16(5) 88.72(2) 86.01(4) 87.58(5) 88.95(6)

O(1)Sn(1)Cl(2) 108.42(4) 105.21(4) 106.68(2) 105.79(4) 102.88(4) 106.62(6)

N(1)Sn(1)Cl(2) 171.99(4) 173.94(5) 172.30(2) 174.43(5) 174.38(5) 172.34(7)

N(2)Sn(1)Cl(2) 99.64(4) 101.98(4) 99.48(2) 100.09(4) 102.86(5) 99.74(6)

O(1)Sn(1)Cl(3) 91.33(4) 91.63(5) 90.49(3) 92.35(4) 91.34(5) 90.72(6)

N(1)Sn(1)Cl(3) 91.52(4) 84.81(5) 90.42(2) 89.14(5) 82.90(5) 90.38(6)

N(2)Sn(1)Cl(3) 89.63(4) 87.20(5) 86.27(2) 89.51(4) 85.21(5) 86.30(6)

Cl(1)Sn(1)Cl(2) 90.30(2) 92.81(2) 91.157(9) 92.26(2) 95.36(2) 91.08(3)

Cl(1)Sn(1)Cl(3) 175.82(2) 174.84(2) 173.352(9) 173.99(2) 170.86(2) 173.42(3)

Cl(2)Sn(1)Cl(3) 92.78(2) 90.36(2) 93.971(10) 92.47(2) 91.74(2) 94.21(3)
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Scheme 1.

The obtained derivatives I–XIX are diamagnetic
and contain one tridentate ONN-ligand in the
monoanionic state. The composition and structure of
compounds were confirmed by NMR and IR spec-
troscopy and elemental analysis. In all complexes, the
119Sn chemical shift is in the –503 to –514 ppm range,
which corresponds to six-coordinate metal, usually
resonating between –125 and –525 ppm [44, 45]. It is
noteworthy that poor solubility in common deuterated
solvents precluded multinuclear NMR analysis of
some compounds. The IR spectra exhibit strong
absorption bands at 1700–1500 and 1300–1000 cm–1,
characteristic of double (C=N) and single bonds (C–
N, C–O), respectively [46].

The molecular and crystal structures of com-
pounds I, VIII–X, and XII were studied by X-ray dif-
fraction (Fig. 1). The crystal cell of compound X com-
prises two independent molecules of the complex,
slightly differing in the bond lengths in the organic
ligand, and two solvate methanol molecules.

In all five complexes, the tin coordination polyhe-
dron is a distorted octahedron, with organic ligand
heteroatoms and one of the halogen substituents
occurring in the equatorial plane. The other two chlo-
rine ligands occupy apical positions. The tridentate
ligand is virtually planar in all complexes (the mean
deviation of atoms from the ligand plane does not
exceed 0.07 Å) and the substituent nature has little
effect on the molecular structure.

The bond length distribution in the organic ligand
in compounds I, VIII–X, and XII is meaningful.
The C–O bond lengths in I, VIII–X, and XII are
smaller than those in the reported tin(IV) amidophe-
nolate complexes [47–49] and are close to those in
metal o-iminosemiquinolate derivatives [50–52].
Quinoid type distortion is observed in the aromatic
phenol rings of the ligands. The C(3)–C(4) and C(5)–
C(6) bonds are shorter than C(1)–C(2), C(2)–C(3),

C(4)–C(5), and C(1)–C(6), which is also a typical
feature of o-iminosemiquinlate derivatives [50–52].
The N(1)–C(2) bond is shorter than the characteristic
single C–N bond, while the N(1)–C(7) bond is longer
than the C=N double bond in tin complexes with
coordinated neutral iminopyridine molecule [53].
This effect is attributable to conjugation of the π-sys-
tem of the iminopyridine group of the ligand with the
π-system of its phenolate moiety, resulting in negative
charge delocalization over the whole organic ligand
and in the corresponding bond length redistribution.

In all five complexes studied by X-ray diffraction,
the metal–oxygen and metal–nitrogen bond length
distribution corresponds to the structural formula
depicted in the Scheme. The Sn(1)–O(1) distances
(2.011(2)–2.041(2) Å) are shorter than the sum of the
Sn and O covalent radii (2.11 Å) [54] and correspond
to the metal–oxygen covalent bond. The Sn(1)–N(1)
and Sn(1)–N(2) distances (2.196(2)–2.229(2) Å) are
somewhat greater than the sum of the covalent radii
(2.12 Å) [54], but markedly smaller than the sum of
van der Waals radii of Sn and N (3.8 Å) [54], which is
indicative of the donor-acceptor coordination binding
of these elements. In complexes I, IX, and X(A), the
Sn(1)–N(1) bonds (2.196(2)–2.2017(8) Å) with imine
nitrogens are somewhat shorter than the Sn(1)–N(2)
bond (2.2110(9)–2.229(2) Å) with pyridine, which
was observed previously for analogous tin complexes
with this type of ligands [34–36].

In order to understand the causes for the consider-
able change in the positions of the UV/Vis bands and,
hence, the color differences between complexes I–
XIX, we carried out quantum chemical calculations
for complex I by the density functional theory method.
From analysis of the molecular orbitals of the opti-
mized molecule, one can conclude that the lowest
unoccupied molecular orbital (LUMO) and the high-
est occupied molecular orbital (HOMO) are almost

NH2R2

R3 OH
R4

+
N

R1

O

+ SnCl4
MeOH

NR2

R3 O
R4

R1 N

SnCl3

R1 = H:  R2 = t-Bu, R3 = H, R4 = t-Bu     (I)

                R2 = Me, R3 = H, R4 = H          (II)

                R2 = H, R3 = Me, R4 = H        (III)

                R2 = t-Bu, R3 = H, R4 = H       (IV)

                R2 = Cl, R3 = H, R4 = H            (V)

                R2 = NO2, R3 = H, R4 = H      (VI)

                R2 = NO2, R3 = H, R4 = Cl    (VII)

R1 = Ph: R2 = t-Bu, R3 = H, R4 = t-Bu    (VIII)

                 R2 = Me, R3 = H, R4 = H              (IX)

                 R2 = H, R3 = Me, R4 = H               (X)

                 R2 = t-Bu, R3 = H, R4 = H            (XI)

                 R2 = Cl, R3 = H, R4 = H              (XII)

                 R2 = NO2, R3 = H, R4 = H        (XIII)

                 R2 = NO2, R3 = H, R4 = Cl        (XIV)

R1 = Me:  R2 = t-Bu, R3 = H, R4 = t-Bu   (XV)

                   R2 = Me, R3 = H, R4 = H        (XVI)

                   R2 = H, R3 = Me, R4 = H      (XVII)

                   R2 = t-Bu, R3 = H, R4 = H   (XVIII)

                   R2 = Cl, R3 = H, R4 = H          (XIX)
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Fig. 1. Molecular structure of (a) I, (b) VIII, (c) IX, (d) X, (e) XII. The thermal ellipsoids are given at 50% probability level. The
hydrogen atoms are omitted for clarity. 
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completely concentrated on the organic ligand
(Fig. 2). Thus, the HOMO–LUMO gap determines
the position of the long-wavelength peak in the
UV/Vis spectrum, corresponding to the interligand
charge transfer (ILCT). According to calculations, the
energy gap between the frontier orbitals of I is 2.57 eV
(λ = 483 nm), which is consistent with experimental
data (λ = 494 nm in acetonitrile). The HOMO of
RUSSIAN JOURNAL OF C
complex I is localized on the donor amidophenolate
moiety of the ligand, while the LUMO is on the accep-
tor iminopyridine moiety (Fig. 2). The introduction of
various substituents into the organic ligand affects the
energy gap between the frontier orbitals and, hence,
the positions of UV/Vis peaks. Electron-withdrawing
substituents in the iminopyridine moiety should
reduce the LUMO energy and thus induce a red shift
OORDINATION CHEMISTRY  Vol. 45  No. 3  2019
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Fig. 2. Shape of the frontier orbitals, (a) HOMO and (b) LUMO, of complex I according to DFT data. The hydrogen atoms are
omitted. 
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Fig. 3. UV/Vis spectra of complexes (a) I, VIII, and XV and (b) II, IV, V and VI in acetonitrile. с = 1 × 10–4mol/L. 
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of the absorption band. Consider complexes I, VIII,
and XV containing organic ligands with identical sub-
stituents in the phenolic moiety but different substitu-
ents (R1) at the imine carbon atom. An unambiguous
red shift is observed on going from the electron-donat-
ing methyl group to hydrogen or to phenyl group (λ =
480 (R1 = Me), 494 (R1 = H), 501 (R1 = Ph) nm (Fig.
3a)).

An opposite effect is induced by enhancement of
electron-withdrawing properties of substituents in the
phenolic moiety of the organic ligand. Electron-with-
drawing groups should reduce the HOMO energy and
thus induce a blue shift in the UV/Vis spectrum. Fig-
ure 3b shows the spectra of complexes II and IV–VI.
These compounds contain different substituents (R2)
in position 5 of the phenolic moiety and invariable
substituent R1 = H. The presence of stronger electron-
withdrawing groups R2 shifts the UV/Vis absorption
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
peaks to shorter wavelength (λ = 480 (R2 = Me), 478
(R2 = t-Bu), 468 (R2 = Cl), 428 (R2 = NO2) nm). A
similar blue shift in the UV/Vis spectrum upon
enhancement of the electron-withdrawing properties
of substituents in the phenolic moiety was found for
salicyldiimine complexes of aluminum [55] and
indium [56].

Compounds exhibiting intramolecular charge
transfer are known to be subject to solvatochromism
[37]. The influence of solvents on the UV/Vis spectra
was considered in relation to complex I. Indeed, on
going from acetonitrile to toluene, a red shift of the
long-wavelength band by 28 nm is observed. However,
no unambiguous correlation can be found between the
absorption band shift and the empirical solvent polar-
ity parameter [37]. This implies that specific interac-
tions related to tin atom solvation with solvent mole-
cules occur in solutions. Previously, the possibility of
  Vol. 45  No. 3  2019
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this solvation was identified for six-coordinate tin
complexes containing a similar diiminodiphenolate
ligand [57].

Thus, this study demonstrated the applicability of
template assembly for targeted synthesis of metal com-
plexes with Schiff bases containing an iminopyridine
moiety. A series of new six-coordinate tin(IV) com-
plexes based on tridentate ONN-ligands were
obtained by one-step synthesis. The influence of elec-
tron-withdrawing (electron-donating) properties of
substituents in various organic ligand groups on the
UV/Vis spectra of the compounds was demonstrated.
This gives a convenient tool for the targeted design of
chromophore compounds with fine-tuned photo-
physical characteristics.
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