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Abstract

Two new VV complexes with the bromo-substituted hydrazones N’-(3-bromo-2-hydroxybenzylidene)-3-hy-
droxy-4-methoxybenzohydrazide (H,L!), N-(3-bromo-2-hydroxybenzylidene)-3,5-dimethoxybenzohydrazide (H,L?),
[VOL(OCH3)(CH;0H)] (1) and [VOLY(OCH;)(CH;0H)] (2), were synthesized and structurally characterized by IR,
UV-Vis and 'H NMR spectroscopy, as well as single-crystal X-ray determination. The V atom in the mononuclear com-
plexes are six-coordinated in octahedral geometry. The free hydrazones and the complexes were studied on their antibac-
terial activity on S. aureus, B. subtilis, E. coli and P. fluorescence, and antifungal activity on C. albicans and A. niger. The
bromo groups of the hydrazone ligands may increase their antibacterial activity.
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1. Introduction

Hydrazones and their complexes have received
much interest because of their excellent biological appli-
cations in antibacterial,! antifungal,? as well as antitumor.?
The compounds with electron-withdrawing groups have
been proved to possess increased antimicrobial activity.*
Recently, a series of chloro, fluoro, iodo- and bromo-sub-
stituted compounds have been assayed for their remark-
able antimicrobial activity.® Schiff base vanadium com-
plexes have distinguish antibacterial activity.® In pursuit
of new antimicrobial material, we report herein two new
bromo-substituted hydrazone compounds N’-(3-bro-
mo-2-hydroxybenzylidene)-3-hydroxy-4-methoxyben-
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zohydrazide (H,L!'), N’-(3-bromo-2-hydroxybenzyli-
dene)-3,5-dimethoxybenzohydrazide (H,L?), and their
vanadium(V) complexes, [VOL(OCH;)(CH;0H)] (1)
and [VOL? (OCH;)(CH;0H)] (2), and studied their anti-
microbial activities.

2. Experimental

2. 1. Materials and Methods

3-Bromosalicylaldehyde, 3-hydroxy-4-methoxyben-
zohydrazide, 3,5-dimethoxybenzohydrazide and VO(a-
cac), were obtained from Sigma-Aldrich. The remaining
reagents with AR grade were obtained from Xiya Chemi-
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cal Reagent Co. Ltd. The hydrazones were prepared by the
literature method.” Elemental analyses (C, H, N) were de-
termined with a Perkin-Elmer automated model 2400 Se-
ries I CHNS/O analyzer. The molar conductivity was de-
termined using a DDS-11A conductor device. FT-IR
spectra were carried out on a Perkin-Elmer 377 FT-IR
spectrometer with KBr disks. The electronic spectra were
performed on a Lambda 35 spectrometer. 'H NMR were
carried out on a Bruker 300 MHz instrument. Single crys-
tal X-ray determination was collected on a Bruker APEX
II CCD diftractometer.

2. 2. Synthesis of the Hydrazones

To the MeOH solution (30 mL) of 3-bromosalicylal-
dehyde (0.01 mol, 2.01 g) a MeOH solution (20 mL) of
3-hydroxy-4-methoxybenzohydrazide (0.01 mol, 1.82 g)
or 3,5-dimethoxybenzohydrazide (0.01 mol, 1.96 g) was
added drop wise. The solution was stirred at room tem-
perature for 30 min, and filtered. The filtrate was evaporat-
ed to give colorless crystalline product, which were
re-crystallized from MeOH and dried at reduced pressure
above anhydrous CaCl,.

For H,L!: Yield 94%. Anal. Calc. for C;sH,;BrN,O,:
C,49.3; H, 3.6; N, 7.7. Found: C, 49.5; H, 3.7; N, 7.6%. IR
data (cm™): 3429, 3195, 1642, 1612. UV-Vis data (MeOH,
Amap NM): 225, 293, 307, 325, 400. 'H NMR (300 MHz,
d®-DMSO): § 12.76 (s, 1H, OH), 12.30 (s, 1H, OH), 11.27

(s, 1H, NH), 8.63 (s, 1H, CH=N), 7.63 (d, 1H, ArH), 7.50-
7.40 (m, 3H, ArH), 7.13 (d, 1H, ArH), 6.92 (t, 1H, ArH),
3.85 (s, 3H, OCHj). For H,L* Yield 97%. Anal. Calc. for
C,¢H,5BrN,O,: C, 50.68; H, 3.99; N, 7.39. Found: C, 50.53;
H, 4.08; N, 7.46%. IR data (cm'): 3433, 3197, 1644, 1612.
UV-Vis data (MeOH, A, nm): 225, 295, 307, 328, 400.
IH NMR (300 MHz, d°-DMSO): § 12.65 (s, 1H, OH),
11.33 (s, 1H, NH), 8.63 (s, 1H, CH=N), 7.63 (d, 1H, ArH),
7.45 (d, 1H, ArH), 6.92 (t, 1H, ArH), 6.71 (s, 1H, ArH),
6.45 (d, 2H, ArH), 3.84 (s, 6H, OCHs;).

2. 3. Synthesis of the Complexes

The MeOH solution (10 mL) of hydrazones (0.10
mmol each) was reacted with the MeOH solution (10 mL)
of VO(acac), (0.10 mmol, 26.5 mg). The solution was stirred
and refluxed for 1 h, and cooled to room temperature.
Brown single crystals were generated upon slowly evapora-
tion within 6 days. The crystals were washed with MeOH
and dried at reduced pressure above anhydrous CaCl,.

For 1: Yield 36%. Anal. calc. for C;;H;gBrN,O,V: C,
41.4;H, 3.7; N, 5.7; found: C, 41.3; H, 3.7; N, 5.6%. IR data
(cm™): 3454 (w), 1603 (s), 958 (m). UV-Vis data (MeOH,
Amaw NM): 272, 335. 'H NMR (300 MHz, d5-DMSO): 8
12.71 (s, 1H, OH), 12.20 (s, 1H, OH), 9.39 (s, 1H, ArH),
8.56 (s, 1H, CH=N), 7.61 (q, 1H, ArH), 7.51-7.41 (m, 2H,
ArH), 7.08 (d, 1H, ArH), 6.91 (t, 1H, ArH), 3.86 (s, 3H,
OCHy), 3.33 (s, 6H, CH;0H and OCH3). Ay (107 M in

Table 1. Crystallographic and refinement data for complexes 1 and 2

Complex H,L! 1 2

Formula Cy5H,3BrN,Oy4 C,7H,sBrN,0,V Cy3H»0BrN,O,V
Formula weight 365.18 493.18 507.21

T (K) 298(2) 298(2) 298(2)
Crystal system Monoclinic Triclinic Monoclinic
Space group P2,/c P-1 P2,/n

a(A) 17.2603(13) 7.6101(9) 13.5326(10)
b(A) 7.2902(12) 10.3404(13) 9.3050(7)
c(A) 12.1706(19) 13.1269(16) 16.1808(13)
a(°) 90 81.517(1) 90

B () 104.431(1) 75.965(1) 94.621(1)

y (°) 90 68.939(1) 90

V(A% 1483.1(4) 933.1(2) 2030.9(3)

Z 4 2 4

Deyie (g cm™) 1.635 1.755 1.659

¢ (Mo Ka) (mm™) 2.791 2.716 2.499
F(000) 736 496 1024
Measured reflections 8532 8761 18003
Unique reflections 2764 3455 3606
Observed reflections (I > 2s(I)) 1896 2906 2900
Parameters 205 260 269
Restraints 1 1 1

Goodness of fit on F? 1.025 1.030 1.039

R, wR, [I=20(1)]"
R;, wR, (all data)?

0.0437,0.1036
0.0717, 0.1159

0.0285, 0.0679
0.0378, 0.0721

0.0345,0.0776
0.0498, 0.0857

@Ry =F, - FJF,, wRy = [ w(F,2 - F®)/X w(E, 2?2
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acetonitrile): 41 Q' cm? mol~!. For 2: Yield 41%. Anal.
calc. for C;sH,,BrN,0O,V: C, 42.62; H, 3.97; N, 5.52; found:
C, 42.73; H, 3.89; N, 5.61%. IR data (cm~1): 3450 (w), 1602
(s), 953 (m). UV-Vis data (MeOH, A,,,, nm): 275, 323. 'H
NMR (300 MHz, d®-DMSO): § 12.56 (s, 1H, OH), 9.30 (s,
1H, ArH), 8.59 (s, 1H, CH=N), 7.66 (d, 1H, ArH), 7.53 (d,
1H, ArH), 7.17-6.91 (m, 2H, ArH), 6.70 (s, 1H, ArH), 3.84
(s, 3H, OCH3), 3.78 (s, 3H, OCHj), 3.38 (s, 6H, CH,OH
and OCHj). Ay (1073 M in acetonitrile): 32 Q! cm? mol L.

2. 4. X-ray Crystallography

Single crystal X-ray determination was performed
on a Bruker APEX II CCD area diffractometer with Mo Ka
radiation at 0.71073 A. The data were reduced with the
program SAINT,?® and corrected by multi-scan using the
program SADABS.? The vanadium complexes were solved
readily by direct method. The complexes were refined by
the full-matrix least-squares method against F? using the
program SHELXTL.!? The non-H atoms were anisotropi-
cally refined. The H atoms of the methanol molecules were
assigned from the difference Fourier maps, and isotropi-
cally refined with dg_y; restrained to 0.85(1) A. The other
H atoms were in calculated geometrical positions. The
crystallographic data and refinement parameters are sum-
marized in Table 1.

2. 5. Antimicrobial Study

The activities against B. subtilis, S. aureus, E. coli, and
P fluorescence of the compounds were assayed with MH
(Mueller-Hinton) medium. The activities against C. albi-
cans and A. niger of the compounds were assayed with
RPMI-1640 medium. The dye MTT was used in the deter-
mination of the MIC values by a colorimetric method.!! A
specified quantity of the medium with the tested compound
was poured into micro-titration plates. Suspension of the
microorganism containing 1.0 x 10° cfu mL-! was applied
to micro-titration plates with the compounds in DMSO to
be tested and incubated at 37 °C for 24 h and 48 h for bac-
teria and fungi, respectively. The MIC values were visually
determined on each of the microtitration plates, Phosphate
buffered saline (50 L, 0.01 mol L™}, pH = 7.4) containing 2
mg of MTT - mL™! was poured into the well. Incubation
was continued for 4-5 h at room temperature. The content
of the well was removed and isopropanol (100 yL) contain-
ing 5% 1 mol L' HCl was added to extract the dye. The
optical density was determied with a micro-plate reader at
550 nm after 12 h of incubation at room temperature.

3. Results and Discussion

3. 1. Chemistry

The hydrazones H,L! and H,L? were synthesized by
the reaction of 3-bromosalicylaldehyde and 3-hydroxy-

4-methoxybenzohydrazide and 3,5-dimethoxybenzohydra-
zide, respectively in ethanol. The vanadium complexes were
synthesized by the reaction of the hydrazones H,L! and
H,L? with VO(acac), in MeOH followed by re-crystalliza-
tion. Elemental analyses (C, H, N) of the complexes are in
accordance with the results of single-crystal X-ray analysis.

3. 2. Spectroscopic Studies

In the spectra of the compounds, the broad and weak
absorptions at 3400-3500 cm™ can be attributed to the
v(O-H). The sharp and weak bands of H,L located at ca.
3195 cm™! can be attributed to the v(N-H). The strong ab-
sorption at 1643 cm™! of H,L are generated by v(C=0),
whereas the typical bands at 1612 cm™! are the v(C=N).
The absence of the v(C=0) and v(N-H) in the spectra of
the complexes, suggests that the hydrazone ligands are
enolized during the coordination. The intense bands at
1602 cm™! of the complexes are due to the v(C=N). The
characteristic v(V=0) at 955 cm™! for the complexes can
be obviously identified.!?

The bands in the UV-Vis spectra of the compounds
at 320-340 nm are attributed to the intra-ligand 7—n* ab-
sorption. The lowest energy transition bands of the com-
plexes are located at 400 nm, which can be attributed to
LMCT transition. The LMCT and to some extent 7—m*
bands observed at 275 nm for complexes 1 and 2 are at-
tributed to the O donor atoms bound to V atoms.!?

The 'H NMR spectra of the free hydrazones H,L!
and H,L? exhibit OH (phenolic) resonances at 12.76 and
12.30 ppm, and 12.65 ppm, respectively. Signals for one
CH proton at 8.63 ppm, and one NH proton at 11.27 ppm
for H,L!, and signals for one CH=N proton at 8.63 ppm,
and one NH proton at 11.33 ppm for H,L2. Signals for ar-
omatic protons are found in the 7.63-6.45 ppm range. Sig-
nals for methoxy protons are found at about 3.84-3.85
ppm. The 'H NMR spectrum of complex 1 exhibits two
sets of proton signals at 12.71 and 12.20 ppm, and that of
complex 2 exhibits one proton signal at 12.56 ppm. There
are no NH signals observed, indicating the coordination of
the hydrazones through enolate form. The aromatic pro-
tons appear in the range 9.39-6.70 ppm. In addition, there
exhibits bands at 3.33-3.38 ppm due to the coordinated
methoxide and methanol ligands. The CH=N proton sig-
nals are observed at 8.56 ppm for 1 and 8.59 ppm for 2.

3. 3. Structure Description of H,L!

The molecular structure of H,L! is depicted in Figure
1. The compound adopts E configuration about the CH=N
unit. The methylidene bond C7-N1 (1.281(5) A) is within
typical double bond. The distance of C8-N2bond (1.356(4)
A) is shorter, and the distance of C8-02 bond (1.230(4) A)
is longer than usual, suggests the conjugation effects in the
hydrazone molecule. The bond values are within normal
ranges.*® The two aromatic rings form a dihedral angle of
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Figure 1. A perspective view of H,L! with the atom labeling scheme.
Thermal ellipsoids are drawn at the 30% probability level. Hydrogen
bond is indicated by a dotted line.

Figure 2. Molecular packing structure of H,L!, with hydrogen
bonds indicated by dotted lines.

39.0(3)°. Crystal structure of the compound is stabilized
by intermolecular hydrogen bonds (Table 3, Figure 2).

3. 4. Structure Description of the Vanadium
Complexes

The molecular structures of the vanadium complex-
es are depicted in Figures 3 and 4, respectively. Selected
bond lengths and angles are listed in Table 2. The V atoms
are in distorted octahedral geometry with the hydrazone
ligand coordinated in a meridional fashion. The hydra-
zones form five- and six-membered chelate rings with the
V atoms. The chelate angles are 74.0-74.2° and 82.8-83.5°,
respectively, which are not uncommon for this type of li-
gand systems.!? The hydrazone ligand lies in a plane with
one hydroxylato ligand which lies trans to the hydrazone
imino N atom. One O atom of the MeOH ligand trans to
the oxido group completes the octahedral geometry at
rather elongated distances of 2.40-2.44 A. The displace-
ments of the V atoms from the planes defined by the four
equatorial donors toward the apical oxido atoms are 0.32-
0.33A. The hydrazones coordinate in their doubly depro-
tonated enolate form which is consistent with the observed
02-C8 and N2-C8 bond lengths of about 1.29-1.32 A.
This agrees with reported metal complexes containing the
enolate form of this ligand type.!4

Figure 3. A perspective view of complex 1 with the atom labeling
scheme. Thermal ellipsoids are drawn at the 30% probability level.

pmBCS5
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Figure 4. A perspective view of complex 2 with the atom label-
ing scheme. Thermal ellipsoids are drawn at the 30% probability
level.

In the crystal structure of complex 1, the molecules
are linked by intermolecular hydrogen bonds (Table 3),
leading to the formation of 3D network (Figure 5). In the
crystal structure of complex 2, the molecules are linked by
hydrogen bonds (Table 3), leading to the formation of di-
mers (Figure 6).

Figure 5.Crystal structure of complex 1, with hydrogen bonds indi-
cated by dotted lines.

Zhang et al.: Vanadium(V) Complexes with Bromo-Substituted ...



Acta Chim. Slov. 2019, 66, 719-725

Figure 6.Crystal structure of complex 2, with hydrogen bonds indi-
cated by dotted lines.

Table 2. Selected bond distances (A) and angles (°) for the complexes

1 2
V1-01 1.8676(16) 1.8594(18)
V1-02 1.9309(15) 1.9445(18)
V1-05 1.5831(17) 1.581(2)
V1-06 2.4343(17) 2.407(2)
V1-07 1.7698(16) 1.7559(19)
V1-N1 2.1330(18) 2.129(2)
05-V1-07 102.51(8) 103.79(11)
05-V1-01 99.01(9) 99.96(10)
07-V1-01 98.66(7) 99.68(9)
05-V1-02 100.53(8) 97.85(10)
07-V1-02 97.74(7) 96.05(9)
01-V1-02 151.03(7) 152.61(9)
05-V1-N1 96.04(8) 96.01(10)
07-V1-N1 160.86(7) 159.01(9)
O1-V1-N1 82.88(7) 83.45(8)
02-V1-N1 74.00(6) 74.12(8)
05-V1-06 177.35(8) 174.54(9)
07-V1-06 80.15(7) 80.79(8)
01-V1-06 80.48(7) 82.00(8)
02-V1-06 79.01(6) 78.55(8)
N1-V1-06 81.32(6) 79.10(7)

Table 3. Hydrogen bond values for the compounds

D-H.-A d(D-H) d(H---A) d(D---A) Angle (D-H---A)
H,L!

N3-H2.-03! 0.90(1) 2.00(1) 2.885(3) 169(4)
03-H3.-02i 0.82 1.84 2.654(3) 172(4)
O1-H1.-N1 0.82 1.87 2.577(4) 144(4)
1

04-H4--0g6iil 0.82 2.39 3.009(2) 133(5)
06-H6--N2 0.84(1) 2.06(1) 2.893(2) 171(3)
C7-H7--04" 0.93 2.58 3.381(2) 144(5)
2

06-H6--N2" 0.85(1) 2.07(1) 2.911(3) 172(4)

Symmetry codes: (i) 1 —-x, 1 -y, 1 -z (i) x, Yo -y, o+ 2 (ii) %, L+, 5 (V) X, -1+, 5 (V) 1 - x, L -y, - z.

3. 5. Antimicrobial Activity

The free hydrazones and the complexes were assayed
for antibacterial activities against two Gram (+) bacterial
strains (B. subtilis and S. aureus) and two Gram (-) bacteri-
al strains (E. coli and P, fluorescence) by MTT method. The
MIC (minimum inhibitory concentration, yg mL™!) values
are given in Table 4. Penicillin G was assayed as the refer-
ence drug. Both the free hydrazones show medium activity
against B. subtilis and S. aureus, weak activity against P. flu-
orescence, and no activity against E. coli. The two vanadi-
um(V) complexes in this work have superior activity
against the bacteria than the free hydrazones. The complex-
es have excellent activity against B. subtilis, S. aureus and E.
coli which are comparable to Penicillin G. Complex 1 has
no activity against P, fluoresence, while complex 2 has weak
activity. Both complexes have no activity on the fungal
strains Aspergillus niger and Candida albicans.

Table 4. Antimicrobial results with MIC (ug mL™!)

B. subtilis  S. aureus E.coli P.fluorescence
H,L! 37.5 18.8 75 > 150
H,L? 18.8 18.8 75 > 150
1 4.6 9.4 9.4 > 150
2 2.3 9.4 9.4 75
Penicillin G 2.3 4.7 >150 > 150

4. Supplementary Data

CCDC 1913947 (H,LY), 1913948 (1) and 1913949
(2) contain the supplementary crystallographic data for
the compounds. The data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or
from the Cambridge Crystallographic Data Centre, 12
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Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-
336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Povzetek

Sintetizirali smo dva nova VV kompleksa z bromo-substituiranima hidrazonoma, N’-(3-bromo-2-hidroksibenzi-
liden)-3-hidroksi-4-metoksibenzohidrazidom (H,L!) in N’-(3-bromo-2-hidroksibenziliden)-3,5-dimetoksibenzohi-
drazidom (H,L?), [VOL(OCH;)(CH;0H)] (1) in [VOL?(OCH;)(CH3;0H)] (2) ter ju okarakterizirali z IR, UV-Vis in 'H
NMR spektroskopijo ter z monokristalno rentgensko analizo. V enojedrnih kompleksih je vanadijev atom oktaedri¢no
koordiniran. Prostima hidrazonoma in kompleksoma smo dolo¢ili antibakterijsko aktivnost na S. aureus, B. subtilis, E.
coli in P. fluorescence ter antimikoti¢no aktivnost na C. albicans in A. niger. Bromov atom na hidrazonskem ligandu lahko
poveca antibakterijsko aktivnost.
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