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Abstract—Two new 8-hydroxyquinoline coordinated vanadium(V) complexes, [VO(L')(L)] (I) and
[VO(L?)(L"] (II), where L' is the dianionic form of 2-[(2-hydroxyethylimino)methyl]-6-methylphenol
(H2L1), L2 is the dianionic form of N'-(4-oxopentan-2-ylidene)pivalohydrazide (H2L2), L' is the monoan-
ionic form of 8-hydroxyquinoline (HL'), were prepared and characterized by elemental analysis, infrared,
UV-Vis and '"H NMR spectra, and single crystal X-ray diffraction (CIF files CCDC nos. 1012078 (I) and
1012077 (II)). Complex I crystallizes in the monoclinic space group P2,/n with unit cell dimensions a =
16.120(1), b = 6.9952(5), c = 16.128(1) A, B = 106.948(2)°, V'=1739.6(2) A3, Z=4, GOOF = 1.127, R, =
0.0464 and wR, = 0.1172. Complex II crystallizes in the orthorhombic space group Pra2, with unit cell di-
mensions a = 13.512(2), b= 9.606(1), c = 31.081(4) A, V=4034.3(8) A?, Z=8, GOOF = 1.044, R, = 0.0604
and wR, = 0.1038. The V atoms in the complexes are in octahedral coordination. Thermal stability of the

complexes was studied.
DOI: 10.1134/S107032841504003X

INTRODUCTION

Schiff bases and their metal complexes have re-
ceived extensive attention in coordination and bioi-
norganic chemistry [1—6]. Among the compounds,
vanadium complexes have been reported to have inter-
esting biological activities such as normalizing the
high blood glucose levels and acting as models of ha-
loperoxidases [7—11], as well as catalytic oxidation
properties [12—15]. Recently, our research group has
reported a few vanadium complexes with biological
activities [16—20]. In the present paper, two new 8-hy-
droxyquinoline (HL') coordinated vanadium(V) com-
plexes, [VO(L")(L"] (I) and [VO(L?)(L")] (II), where
L! is the dianionic form of 2-[(2-hydroxyethylimi-
no)methyl]-6-methylphenol (H,L'), L? is the dian-
ionic form of N'-(4-oxopentan-2-ylidene)pivalohy-
drazide (H,L?), are presented.

EXPERIMENTAL

Materials and measurements. Commercially avail-
able 3-methylsalicylaldehyde, 2-(2-aminoethylami-

! The article is published in the original.
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no)ethanol and pivalohydrazide were purchased from
Sigma-Aldrich and used without further purification.
Other solvents and reagents were made in China and
used as received. C, H and N elemental analyses were
performed with a Perkin-Elmer elemental analyser.
Infrared spectra were recorded on a Nicolet AVATAR
360 spectrometer as KBr pellets in the (4000—400) cm™!
region. '"H NMR spectra were recorded on a Bruker
300 MHz instrument. Thermal stability analysis was
performed on a Perkin-Elmer Pyris Diamond TGA-
DTA thermal analyses system.

Synthesis of 1. 3-Methylsalicylaldehyde (1.0 mmol,
136 mg) and 2-(2-aminoethylamino)ethanol (1.0 mmol,
104 mg) were dissolved in methanol (20 mL) and stirred
at room temperature for 30 min. Then, a methanolic
solution (20 mL) of 8-hydroxyquinoline (1.0 mmol,
145 mg) and [VO(Acac),] (1.0 mmol, 265 mg) was
added dropwise to the mixture under stirring. The final
mixture was stirred for another 30 min at room tem-
perature to give a yellow solution. The solution was al-
lowed to stand in air for a few days. Yellow block-
shaped crystals suitable for X-ray single crystal diffrac-
tion were formed at the bottom of the vessel. The iso-
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lated product was washed three times with cold meth-
anol, and dried in air. The yield was 49%.

IR data (KBr; v, cm™): 1627 s, 1563 m, 1497 w,
1458 m, 1433w, 1379 m, 1310, 1266 w, 1225w, 1101 m,
1048 s, 9558, 877 m, 825w, 786 w, 751 s, 641 m, 545 m.
'H NMR (300 MHz, DMSO-d;; 8, ppm): 9.12 (s., 1H),
8.31 (m., 2H), 8.03 (d., 1H), 7.61—7.20 (m., 5H), 7.05
(d., 1H), 6.75 (t., 1H), 5.22 (s., 1H), 4.78 (m., 2H), 4.50
(m., 2H), 1.68 (s., 3H). UV-Vis (acetonitrile; A, (1g€)):
243 (4.59), 286 (4.10), 335 (3.79), 510 (3.65) nm.

For C19H17N2O4V
anal. calcd., %:
Found, %:

C, 58.8;
C, 58.7;

H, 4.4;
H, 4.6;

N, 7.2.
N, 7.1.

Synthesis of II. Pivalohydrazide (1.0 mmol, 116 mg),
8-hydroxyquinoline (1.0 mmol, 145 mg) and [VO(Acac),]
(1.0 mmol, 265 mg) were dissolved in methanol (30 mL)
and stirred at room temperature for 30 min to give a
brown solution. The solution was allowed to stand in
air for a few days. Brown block-shaped crystals suit-
able for X-ray single crystal diffraction were formed at
the bottom of the vessel. The isolated product was
washed three times with cold methanol, and dried in
air. The yield was 28%.

IR data (KBr; v, cm™"): 1583 s, 1497 s, 1464 s,
1373s,1318s,1266 m, 1213w, 1141w, 1103 s, 1043 s,
960 s, 822 m, 792 w, 748 s, 635 m, 602 m, 533 m,
491 w. '"H NMR (300 MHz, DMSO-dg; 8, ppm):
8.81 (s., 1H), 8.50 (m., 1H), 7.67—7.12 (m., 4H),
2.40 (s., 1H), 2.05 (s., 1H), 1.08 (m., 5H), 0.74 (s.,
6H), 0.68 (s., 3H). UV-Vis (acetonitrile; A, (1g€)):
250 (4.60); 356 (3.98); 517 (3.71) nm.

For C,yH,,N;0,V
anal. calcd., %:
Found, %:

C, 56.0;
C, 56.2;

H, 5.4;
H, 5.6;

N, 10.3.
N, 10.2.

X-ray structure determination. Diffraction intensi-
ties for the complexes were collected at 298(2) K using
a Bruker D8 VENTURE PHOTON diffractometer
with CuK|, (for I) and MoK, (for II) radiations. The col-
lected data were reduced using the SAINT program [21],
and multi-scan absorption corrections were per-
formed using the SADABS program [22]. The struc-
tures were solved by direct methods and refined
against F? by full-matrix least-squares methods using
the SHELXTL [23]. All of the non-hydrogen atoms
were refined anisotropically. H atoms were placed in
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idealized positions and constrained to ride on their par-
ent atoms. Crystallographic data are listed in Table 1.
Selected bond lengths and angles are given in Table 2.

Supplementary material has been deposited with the
Cambridge Crystallographic Data Centre (CCDC
nos. 1012078 (I) and 1012077 (II); deposit@ccdc.
cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

The molecular structure and atom numbering
scheme of complex I is shown in Fig. 1a. The V atom
is in octahedral coordination, with the phenolate oxy-
gen, imino nitrogen and hydroxyl oxygen of the
Schiff base ligand, and the phenolate oxygen of 8-hy-
droxyquinoline ligand in the equatorial plane,
and with one oxo oxygen and the pyridine nitrogen of
8-hydroxyquinoline ligand in the two axial positions.
The V atom derivates from the least-squares plane de-
fined by the four equatorial atoms by 0.316(1) A. The
distance of V(1)—O(4) is 1.595(2) A, indicating it is a
typical V=0 double bond. The bond lengths in the
complex are comparable to those observed in the
mononuclear oxovanadium(V) complexes with Schiff
bases [24, 25]. The angular distortion in the octahedral
environment around V comes from the five- and six-
membered chelate rings taken by the Schiff base ligand
and 8-hydroxyquinoline ligand. For the same reason,
the frans angles significantly deviate from the ideal
values of 180°. Distortion of the octahedral coordina-
tion can be observed from the coordinate bond
angles, ranging from 75.4(1)° to 102.9(1)° for the per-
pendicular angles, and from 157.1(1)° to 173.8(1)° for
the diagonal angles.

The molecular structure and atom numbering
scheme of complex II is shown in Fig. 1b. The asym-
metric unit of the compound contains two indepen-
dent mononuclear vanadium complex molecules. The
V atoms are in octahedral coordination, with the phe-
nolate oxygen, imino nitrogen and enolate oxygen
of the Schiff base ligand, and the phenolate oxygen of
8-hydroxyquinoline ligand in the equatorial plane,
and with one oxo oxygen and the pyridine nitrogen of
8-hydroxyquinoline ligand in the two axial positions.
The V atoms derivate from the least-squares planes de-
fined by the equatorial atoms by 0.333(1) A for V(1)
molecule and 0.332(1) A for V(2) molecule. The dis-
tances of V(1)—O(4) and V(2)—O(8) are 1.59(2) A, in-
dicating they are typical V=0 double bonds. The bond
lengths in the complex are comparable to those ob-
served in the mononuclear oxovanadium(V) complex-

No. 4 2015



8-HYDROXYQUINOLINE COORDINATED VANADIUM(V) COMPLEXES 263

Table 1. Crystallographic data and refinement parameters for complexes I and 11

Value
Parameter

I I
M 388.29 407.34
Crystal shape; color Block; yellow Block; brown
Crystal size, mm 0.18 x0.18 x 0.17 0.31 x0.29 x 0.27
Crystal system Monoclinic Orthorhombic
Space group P2,/n Pna2,
a, A 16.120(1) 13.512(2)
b, A 6.9952(5) 9.606(1)
c, A 16.128(1) 31.081(4)
B, deg 106.948(2)
v, A3 1739.6(2) 4034.3(8)
VA4 4 8
Pealeds €M™ 1.483 1.341
u(MoK,), mm™! 5.008 0.520
F(000) 800 1696
Measured reflections 9168 24381
Independent reflections 2039 8768
Observed reflections (/ > 2c(1)) 1896 5357
Min and max transmission 0.4659 and 0.4831 0.8555 and 0.8724
Parameters 237 497
Restraints 0 1
Goodness-of-fit on F? 1.127 1.044
Ry, wRy, (I 220(1))* 0.0464, 0.1172 0.0604, 0.1038
R, wR, (all data)* 0.0486, 0.1192 0.1212, 0.1220
Largest peak and deepest hole, e A3 0.274, —0.623 0.416, —0.388
* Ry = Fo = Fof Foy WRy = [ W(Fy — FO/Zw(Fg)’I'2.
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Table 2. Selected bond distances and angles for complexes I and 11
Bond d, A Bond d, A
I
V(1)—0(1) 1.880(2) V(1)—-0(2) 1.827(2)
V(1)—0(3) 1.868(2) V(1)—0(4) 1.595(2)
V(1)—N(1) 2.107(2) V(1)—N(2) 2.430(2)
I
V(1)—0(1) 1.885(3) V(1)—-0(2) 1.928(4)
V(1)—0(3) 1.868(4) V(1)—0(4) 1.595(4)
V(1)—N(1) 2.053(4) V(1)—N(@3) 2.375(4)
V(2)—0(5) 1.877(3) V(2)—0(6) 1.940(4)
V(2)—0(7) 1.848(4) V(2)—0(8) 1.591(3)
V(2)—N(4) 2.051(4) V(2)—N(6) 2.366(4)
Angle o, deg Angle o, deg
I
O4)V(1)O(2) 99.5(1) O4)V(1)O(3) 98.9(1)
O(2)V(1)O(3) 97.3(1) O4)V(1)O(1) 97.3(1)
O2)V(1)O(1) 157.1(1) O3)V(1)O(1) 95.4(1)
O4)V(1)N(1) 102.9(1) OQ)V(1)N(1) 78.2(1)
OB)V(1)N(D) 158.2(1) O()V(1)N(1) 83.0(1)
O4)V(1)N(2) 173.8(1) O)V(1)N(2) 83.8(1)
O3)V(1)N(2) 75.4(1) O(D)V(1)N(2) 81.1(1)
N(1)V(1)N(2) 82.9(1)
I
O4)V(1)O(3) 100.7(2) O4)V(1)O(1) 97.0(2)
O3)V(1)O(1) 103.8(2) 04)V(1)0(2) 102.8(2)
O3)V(1)O(2) 88.9(2) O()V(1)O(2) 154.2(2)
O@)V(1H)N(D) 100.0(2) OB)V(1)N(1) 156.3(2)
O(DHV(1)N(1) 85.0(2) OQ)V(1)N(1) 75.3(2)
O4)V(1)N(3) 176.7(2) O)V(1)N(3) 76.0(2)
O(1)V(1)N(3) 83.3(1) O(2)V(1)N(3) 78.0(2)
N(DV(1)N(3) 83.4(2) O(8)V(2)O(7) 102.3(2)
O(8)V(2)O(5) 97.0(2) O(7)V(2)0(5) 103.1(2)
O(8)V(2)O(6) 101.6(3) O(7)V(2)O(6) 89.1(2)
O(5)V(2)O(6) 155.1(2) O(8)V(2)N(4) 99.0(3)
O(7)V(2)N(4) 155.8(2) O(5)V(2)N4) 85.4(2)
O(6)V(2)N(4) 75.4(2) O(8)V(2)N(6) 178.0(2)
O(7)V(2)N(6) 75.7(2) O(5)V(2)N(6) 83.8(1)
O(6)V(2)N(6) 78.2(1) N(4)V(2)N(6) 82.9(2)
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Fig. 1. ORTEP plot of the molecular structures of I (a) and II (b). Displacement ellipsoids of non-hydrogen atoms are drawn at

the 30% probability level.

es with Schiff bases [24, 25]. The angular distortion in
the octahedral environment around V comes from the
five- and six-membered chelate rings taken by the
Schiff base ligand and 8-hydroxyquinoline ligand. For
the same reason, the frans angles significantly deviate
from the ideal values of 180°. Distortion of the octahe-
dral coordination can be observed from the coordinate
bond angles, ranging from 75.4(2)° to 102.8(2)° for
the perpendicular angles, and from 155.1(2)° to
178.0(2)° for the diagonal angles.

The structures of I and II are similar. L! and L? are
tridentate ONN ligands, which form five- and six-
membered chelate rings with the V atoms. L' is a bi-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

dentate ON ligand, which form five-membered che-
late rings with the V atoms.

The complexes exhibit typical bands at 955 cm™!
for I and 960 cm™! for II, assigned to the V=0 vibra-
tions [26]. The intense v(C=N) absorptions are ob-

served at 1627 cm~! for I and 1583 cm™! for I1.

The acetonitrile solutions of the complexes with
concentration of 10~ mol L' have been used to
record the electronic spectra. The main features of all
the spectra are quite similar (Fig. 2). There are absorp-
tions within the range 450—600 nm in the spectra of
the complexes. This can be attributed to the ligand-to-

Vol. 41 No. 4 2015



266 QIAN et al.

(a) 4.
251
5.
20
6
3
s 1.5 7
=
2 10} 8
,£<D . .
0.5F 9.
0 1 1 | ] 10
300 400 500 600 1
A, Nm :
(b)
251 12.
13.
2.0
N 14,
215
R 15.
2
2 Lor 16.
0.5F 17
0 1 1 1 1 18
300 400 500 600
A, nm 19.
Fig. 2. UV-Vis spectra of T (a) and TI (b). 20.
21.
metal charge transfer transitions. The high energy ab- ”
sorptions are most likely due to the transition involv- )
ing ligand orbitals only.
23.

REFERENCES

1. You, Z.-L., Zhang, M., and Xian, D.-M., Dalton 24.

Trans., 2012, vol. 41, no. 8, p. 2515.

2. You, Z.-L., Xian, D.-M., and Zhang, M., CrystEng-  25.

Comm, 2012, vol. 14, no. 21, p. 7133.

3. Qian, S.-S., Zhang, M., Wang, Y.-N., et al., J. Coord.  26.

Chem., 2013, vol. 66, no. 6, p. 1006.

Zhao, Y., Han, X., Zhou, X.-X., et al., Chin. J. Inorg.
Chem., 2013, vol. 29, no. 4, p. 867.

Zhou, X.-S., You, Z.-L., Xian, D.-M., et al., Chin. J.
Inorg. Chem., 2013, vol. 29, no. 4, p. 850.

. Zhang, J.-C., Li, Y.-N., Huang, D., et al., Chin. J.

Inorg. Chem., 2014, vol. 30, no. 2, p. 425.

. Mba, M., Pontini, M., Lovat, S., et al., Inorg. Chem.,

2008, vol. 47, no. 18, p. 8616.

Zhang, X.A. and Woggon, W.D., J. Am. Chem. Soc.,
2005, vol. 127, no. 41, p. 14138.

Zampella, G., Fantucci, P.,, Pecoraro, V.L., et al.,
J. Am. Chem. Soc., 2005, vol. 127, no. 3, p. 953.
Zampella, G., Kravitz, J.Y., Webster, C.E., et al., Inorg.
Chem., 2004, vol. 43, no. 14, p. 4127.

Carter-Franklin, J.N., Parrish, J.D., Tschirret-
Guth, R.A., et al., J. Am. Chem. Soc., 2003, vol. 125,
no. 13, p. 3688.

Romanowski, G., Kira, J., and Wera, M., Polyhedron,
2014, vol. 67, p. 529.

Khatri, PK. and Jain, S.L., Catal. Lett., 2012, vol. 142,
no. §, p. 1020.

Mungse, H.P., Verma, S., Kumar, N., et al., J. Mater.
Chem., 2012, vol. 22, no. 12, p. 5427.

Jain, S.L., Rana, B.S., Singh, B., et al., Green Chem.,
2010, vol. 12, no. 3, p. 374.

Qian, S.-S., You, Z.-L., Li, Y.-N., et al., J. Coord.
Chem., 2013, vol. 66, no. 8, p. 1311.

. Ren, J.-Q., Jiao, Q.-Z., Wang, Y.-N., et al., Chin. J.

Inorg. Chem., 2014, vol. 30, no. 3, p. 640.

Cheng, X.-S., Zhang, J.-C., You, Z.-L., et al., Transi-
tion Met. Chem., 2014, vol. 39, no. 3, p. 291.

You, Z.-L., Shi, D.-H., Zhang, J.-C., et al., Inorg.
Chim. Acta, 2012, vol. 384, p. 54.

You, Z.-L., Sun, H., Ding, B.-W., et al., J. Coord.
Chem., 2011, vol. 64, no. 20, p. 3510.

SMART and SAINT, Madison (WI, USA): Bruker AXS
Inc., 2002.

Sheldrick, G.M., SADABS, Program for Empirical Ab-
sorption Correction of Area Detector, Gottingen (Ger-
many): Univ. of Géttingen, 1996.

Sheldrick, G.M., SHELXTL, Version 5.1, Software Ref-
erence Manual, Madison (WI, USA): Bruker AXS Inc.,
1997.

Root, C.A., Hoeschele, J.D., Cornman, C.R., et al.,
Inorg. Chem., 1993, vol. 32, no. 18, p. 3855.

Rayati, S., Wojtczak, A., and Kozakiewicz, A., Inorg.
Chim. Acta, 2008, vol. 361, no. 5, p. 1530.
Kwiatkowski, E., Romanowski, G., Nowicki, W.,, et al.,
Polyhedron, 2003, vol. 22, no. 7, p. 1009.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 41 No. 4 2015



