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SYNTHESES, CRYSTAL STRUCTURES,  

AND ANTIMICROBIAL ACTIVITIES OF ZINC  

COMPLEXES DERIVED FROM 2-AMINO-N ′- 

(PYRIDIN-2-YLMETHYLENE)BENZOHYDRAZIDE 
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New zinc complexes, [ZnBr2(HL)] (1), [ZnBr(HL)(NCS)]⋅0.5H2O (2), [Zn(HL)I2] (3), and [ZnL2] (4), 

where L is the monoanionic form of 2-amino-N′-(pyridin-2-ylmethylene)benzohydrazide (HL), have been 

prepared and characterized by elemental analysis, IR and UV-Vis spectra, as well as single crystal X-ray 

diffraction. The Zn atoms in complexes 1-3 are in distorted trigonal-bipyramidal coordination, and that in 

complex 4 is in octahedral coordination. The crystal structures of the complexes are stabilized by hydrogen 

bonds. The antibacterial and antifungal activities of the compounds were evaluated. 

DOI: 10.1134/S0022476622080170 

Keywords: hydrazone, zinc complex, crystal structure, antimicrobial activity. 

INTRODUCTION 

Hydrazones and their derivatives are a special type of Schiff bases, which have interesting and fascinating 

pharmaceutical and biological activities like antibacterial, antifungal, anti-inflammatory, antiviral and antitumor [1-4]. Metal 

complexes derived from hydrazone ligands are important in bioinorganic chemistry [5-11]. In particular, when coordinated to 

transition metals, they significantly expand the lipophilic character that contributes to increasing potential biological 

complexes [12]. In order to obtain metal complexes, it is necessary to use active metals that have low toxicity to organisms 

[13]. Zinc complexes with hydrazone ligands have shown various biological activities [14-17]. In the past few years,  

a number of zinc complexes with hydrazone ligands have been reported for their synthesis, crystal structures and biological 

application. The coordination geometries of zinc complexes are usually tetrahedral, square pyramidal, trigonal bipyramidal 

and octahedral [18-23]. The hydrazones adopt either ketone or enol form during the coordination. However, it is hard to 

predict which form they will present. As a continuation of our work on the hydrazone complexes [24-26], and to control the 

coordination mode of hydrazone ligands, as well as in pursuit of new biological agents, we reported here a series of new zinc 

complexes, [ZnBr2(HL)] (1), [ZnBr(HL)(NCS)]⋅0.5H2O (2), [Zn(HL)I2] (3) and [ZnL2] (4), where HL is 2-amino-N′-

(pyridin-2-ylmethylene)benzohydrazide (Scheme 1). 
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SAINT [28], and multi-scan absorption correction was performed using the SADABS [29]. The structures of the complexes 

were solved by direct method and refined against F2 by full-matrix least-squares method using the SHELXL-2018/3 package 

[30]. All of the non-hydrogen atoms were refined anisotropically. The amino H atoms were located from difference Fourier 

maps and refined isotropically, with N–H and H⋯H distances restrained to 0.90(1) Å and 1.45(2) Å, respectively. The water 

H atoms were located from difference Fourier maps and refined isotropically, with O–H and H⋯H distances restrained to 

0.96(1) Å and 1.47(2) Å, respectively. The remaining hydrogen atoms were placed in calculated positions and constrained to 

ride on their parent atoms. There is no acceptor for O3–H3A and O3–H3B bonds in complex 2, which is due to the disorder 

of the water molecule, and it is difficult to add the hydrogen atoms at the right positions. The crystallographic data for the 

complexes are summarized in Table 1. Selected bond lengths and angles are given in Tables 2 and 3. 

Antimicrobial assay. The antibacterial activities of the compounds were tested against B. subtilis, S. aureus, E. coli, 

and P. fluorescens using MH (Mueller–Hinton) medium. The antifungal activities of the compounds were tested against 

C. albicans and A. niger using RPMI-1640 medium. The MIC values of the tested compounds were determined by  

a colorimetric method using the dye MTT [31]. A stock solution of the aroylhydrazone compound (150 μM) in DMSO was 

prepared and graded quantities (75 μM, 37.5 μM, 18.8 μM, 9.4 μM, 4.7 μM, 2.3 μM, 1.2 μM, 0.59 μM) of the tested 

compounds were incorporated in specified quantity of the corresponding sterilized liquid medium. A specified quantity of the 

medium containing the compound was poured into microtitration plates. Suspension of the microorganism was prepared to 

contain approximately 105 cfu/mL and applied to microtitration plates with serially diluted compounds in DMSO to be tested 

and incubated at 37 °C for 24 h and 48 h for bacteria and fungi, respectively. Then the MIC values were visually determined 

on each of the microtitration plates, 50 μL of PBS (phosphate buffered saline 0.01 M, pH = 7.4) containing 2 mg of MTT/mL  
 

TABLE 1. Crystallographic and Experimental Data for the Complexes 

Compound 1 2 3 4 

Formula C13H12Br2N4OZn C14H13BrN5O1.5SZn C13H12I2N4OZn C26H22N8O2Zn 

Formula weight 465.46 452.63 559.44 543.88 

Crystal shape / color Block / colorless Block / colorless Block / colorless Block / colorless 

Crystal size, mm 0.20×0.18×0.17 0.18×0.17×0.17 0.18×0.15×0.15 0.33×0.30×0.28 

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic 

Space group P21/c P21/c P21/c P21/n 

a, b, c, Å 13.7533(13),  
14.7742(18),  
7.6164(11) 

8.5250(10),  
13.1640(13),  
16.5270(15) 

13.6455(17),  
15.679(2),  
7.9227(11) 

8.806(2),  
13.5800(11),  
20.6453(18) 

β, deg 95.676(2) 96.646(2) 95.229(2) 97.871(2) 

V, Å3 1540.0(3) 1842.2(3) 1688.0(4) 2445.5(6) 

Z 4 4 4 4 

Dc, g/cm3 2.008 1.632 2.201 1.477 

μ, mm–1 6.786 3.628 5.115 1.046 

F(000) 904 900 1048 1120 

θ range, deg 1.49 / 25.50 1.98 / 25.50 1.50 / 25.50 1.80 / 25.49 

Reflections / parameters 8913 / 199 9008 / 223 9870 / 199 14339 / 350 

Unique / observed reflections  
      (I ≥ 2σ(I)) 

2851 / 2321 3323 / 1449 3145 / 2446 4549 / 3386 

Restraints 4 3 4 6 

GOOF on F2 1.080 1.012 1.025 1.045 

R1, wR2 (I ≥ 2σ(I))#1 0.0406,  0.1104 0.0899,  0.2316 0.0351,  0.0808 0.0382,  0.0862 

R1, wR2 (all data) 0.0528,  0.1176 0.1934,  0.3027 0.0517,  0.0891 0.0589,  0.0944 
 

 

 

#1 R1 = ∑ ||F0| – | Fc|| / ∑ |F0|, wR2 = [∑w(F0

2 – Fc

2)2 / ∑w(F0

2)2]1/2. 
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TABLE 2. Selected Bond Lengths (Å) and Angles (deg) for Complexes 1-3 

Bond length 1 2 3 

Zn1–N1 2.204(5) 2.184(9) 2.205(5) 

Zn1–N2 2.098(4) 2.084(9) 2.107(4) 

Zn1–O1 2.262(4) 2.212(8) 2.269(4) 

Zn1–X1 2.3447(9) 2.419(2) 2.5381(8) 

Zn1–X2 2.3882(9)  2.5675(9) 

Zn1–N5  1.932(13)  

Bond angles 1 2 3 

N2–Zn1–N1 74.30(16) 74.9(4) 74.10(16) 

N2–Zn1–O1 71.14(15) 73.1(4) 71.13(15) 

N1–Zn1–O1 145.26(15) 147.9(4) 144.93(16) 

N2–Zn1–Br1 129.47(13) 132.0(2) 130.57(13) 

N1–Zn1–Br1 102.20(13) 100.1(3) 103.84(12) 

O1–Zn1–Br1 96.94(11) 98.7(3) 95.33(11) 

N2–Zn1–Br2 114.67(13)  114.44(13) 

N1–Zn1–Br2 100.06(13)  99.84(13) 

O1–Zn1–Br2 97.40(12)  98.44(12) 

Br1–Zn1–Br2 115.52(3)  114.51(3) 

N5–Zn1–N2  113.5(5)  

N5–Zn1–N1  100.0(4)  

N5–Zn1–O1  95.6(4)  

N5–Zn1–Br1  114.4(4)  
 

TABLE 3. Selected Bond Lengths (Å) and Angles (deg) for Complex 4 

Bond length Distance Bond length Distance 

Zn1–O1 2.0758(18) Zn1–O2 2.1566(18) 

Zn1–N1 2.227(2) Zn1–N2 2.060(2) 

Zn1–N5 2.257(2) Zn1–N6 2.040(2) 

Bond angle Value Bond angle Value 

N6–Zn1–N2 175.37(8) N6–Zn1–O1 109.41(8) 

N2–Zn1–O1 74.85(7) N6–Zn1–O2 73.96(8) 

N2–Zn1–O2 107.61(8) O1–Zn1–O2 97.82(7) 

N6–Zn1–N1 100.32(8) N2–Zn1–N1 75.33(8) 

O1–Zn1–N1 150.10(8) O2–Zn1–N1 93.23(7) 

N6–Zn1–N5 75.66(9) N2–Zn1–N5 102.35(9) 

O1–Zn1–N5 96.21(8) O2–Zn1–N5 149.31(8) 

N1–Zn1–N5 87.94(8)   
 

was added to each well. Incubation was continued at room temperature for 4-5 h. The content of each well was removed, and 

100 μL of isopropanol containing 5% 1 M HCl was added to extract the dye. After 12 h of incubation at room temperature, 

the optical density was measured with a microplate reader at 550 nm. 

 



1

2

s

r

z

b

p

p

o

r

w

b

in

lo

th

H

r

tr

tw
 

1362

2-am

synth

respe

zinc 

base

prese

prese

obta

room

when

bond

n H

ong

hat 

HL a

respe

rigo

wo 

2 

mino

hesi

ectiv

bro

s lik

ence

ents

ined

m tem

n co

d len

HL is

ger th

in c

are s

ectiv

onal-

hali

Ch

oben

ized

vely

omid

ke 4

e of

s in 

d by

mpe

 

 

Th

omp

ngth

s lon

han 

comp

shor

Str

vely

-bip

ide o

hem

nzoh

d fro

y in 

de in

4,4′-

f Le

ket

y slo

eratu

he co

pared

h in 

nger

tha

plex

rter 

ruct

y. T

pyram

or p

mistr

hydr

om 

me

n th

-bip

ewis

tone

ow e

ure. 

oord

d w

HL 

r tha

at in 

x 1. 

than

ture

he c

mid

pseud

 

ry. 

razid

the 

ethan

he pr

pyrid

s ba

e for

evap

dina

with 

is s

an th

com

Wh

n tho

e de

com

dal c

doh

The

de w

 rea

nol. 

rese

dine

ses 

rm. 

pora

ation

the 

shor

hose

mple

hile i

ose 

escr

mplex

coor

halid

e h

with

actio

Th

ence

e, py

con

All

ation

n of 

stru

rter t

e in 

ex 2

in c

in c

ripti

xes 

rdina

de lig

hydr

h 1:

on 

he zi

 of 

yrid

ntrib

l the

n of 

HL

uctu

than

com

2. Th

omp

comp

ion 

cry

ation

gand

razo

1 m

of H

inc 

2,2′

ine,

butes

e co

f the

S

L to 

ure o

n tho

mple

he C

plex

plex

of 

ystal

n, w

ds, v

one 

mola

HL 

com

′-bip

 or 

s to

omp

 me

Sch

Zn 

of in

ose 

exes

C7–

x 4, t

x 4. 

com

llize

with 

viz. 

HL

ar ra

wit

mple

pyri

1,1

o the

plexe

ethan

eme

cati

ndiv

in c

s 1-3

O1 

the 

The

mple

e in 

the 

Br1

RE

L w

atio 

th z

ex 4

dine

0-ph

e en

es a

noli

e 2. 

on a

vidua

com

3. T

bon

liga

e N2

exes

the 

equ

1 an

ESU

was 

in 

zinc

 wit

e (S

hen

nol f

are 

ic so

The

affe

al H

mplex

The 

nd le

ands

2–N

s 1-

mo

uato

d B

ULT

fac

me

c br

th o

Sche

anth

form

solu

oluti

e syn

cts 

HL. 

xes 

C7–

engt

s are

N3 an

-3. 

onoc

orial 

r2 f

TS 

cial 

ethan

omi

octah

me

hroli

m of

uble

ion 

nthe

the 

In c

1 an

–N3

th in

e in 

nd C

The

clini

pla

for 1

AN

pr

nol.

ide, 

hedr

2). 

ine,

f the

 in 

of t

etic 

bon

com

nd 2

 bon

n HL

mon

C7–N

e mo

c sp

ane d

1, Br

ND D

repa

 Th

zin

ral c

Inte

 the

e hy

me

the c

proc

nd le

mplex

2, an

nd l

L is 

noan

N3 b

olec

pace

defin

r1 a

DIS

ared 

he z

nc b

coor

erest

e sa

ydra

than

com

cedu

engt

xes 

nd c

leng

sho

nion

bon

cula

e gro

ned 

and N

SCU

by

zinc 

brom

rdin

ting

ame 

azon

nol 

mplex

ure 

ths w

1-3

omp

gth i

orter

nic e

nd le

r st

oup 

by 

N5 f

USS

y t

com

mide

natio

gly, w

stru

ne c

and

xes.

of th

with

, the

para

n H

r tha

enol

ength

truct

P2

the 

for 2

SIO

the 

mpl

e an

on w

whe

uctu

comp

d eth

 Th

he c

h adj

e lig

able 

HL is

an th

late 

hs in

ture

1/c. 

imi

2, a

N 

rea

lexe

nd a

was 

en 2

ures 

pou

hano

he cr

com

djace

gand

to t

s sh

hose

form

n HL

es o

The

ino n

nd I

actio

s 1

amm

syn

2,2′-b

as 

nd. 

ol. S

rysta

plex

ent a

ds a

that 

orte

e in 

m. T

L ar

f co

e Zn

nitro

I1 an

on 

-3 w

mon

nthes

bipy

com

Wh

Sing

als o

xes.

atom

are i

in c

er th

com

The 

re lo

omp

n at

ogen

nd I

of 

with

nium

size

yrdi

mple

hile 

gle 

of th

ms in

in n

com

han t

mple

C6=

onge

plexe

tom 

n (N

I2 fo

2-p

h te

m th

d fr

ne w

ex 4

no 

crys

he c

n th

eutr

mplex

thos

exes

=N2

er th

es 1

in e

N2) 

or 3

pyrid

trah

hiocy

rom 

was 

4 can

Lew

stals

comp

he st

ral k

x 3.

se in

s 2 a

2 an

han t

1-3 

each

of th

, an

dine

hedr

yana

the

rep

n be

wis 

s of 

plex

truct

keto

 Th

n co

and 

d C

thos

are

h co

he h

nd w

ecarb

ral c

ate, 

e rea

place

e ob

bas

f the

xes a

ture

one f

e N

ompl

3, a

7–O

se in

e sh

omp

hydr

with t

box

coor

and

actio

ed b

btain

es, 

e co

are 

e of 

form

2–N

lexe

and 

O1 b

n com

own

plex 

razo

the 

alde

rdin

d zi

on o

by o

ned.

the 

omp

stab

orga

m. T

N3 b

es 1

com

bond

mpl

n in

is i

one l

axia

ehyd

atio

inc 

of H

other

. Th

hyd

lexe

ble i

anic

The 

bond

and

mpar

d len

lex 4

n Fi

in d

liga

al po

de 

on w

iod

HL w

r Le

hus, 

draz

es w

in ai

c lig

C6=

d len

d 3, 

rabl

ngth

4. 

gs. 

isto

and, 

ositi

and

were

dide,

with

ewis

the

zone

were

ir at

gand

=N2

ngth

and

le to

hs in

1-3,

rted

and

ions

d  

e 

, 

h 

s 

e 

e 

e 

t 

d 

2 

h 

d 

o 

n 

, 

d 

d 

s  



 

 

o

le

3

le

1

1

d

f

d
 

occu

engt

37]. 

engt

130.

100.

disto

for 2

dihe

upied

ths 

The

ths 

57(

1(3)

ortio

2, an

dral

d by

in t

e tr

and

13)°

)° f

on ca

nd 1

Th

l ang

y the

the c

rigon

d ang

° for

for 2

an b

44.9

he py

gle b

e py

com

nal-

gles

r 3, 

2, a

be fu

93(1

yrid

betw

 

Fig

elli

Fig

elli

yridi

mplex

bipy

s. Th

as w

and 

urth

16)°

dine 

ween

g. 1.

ipso

g. 2.

ipso

ine n

xes 

yram

he e

well

71.

her o

 for

ring

n th

. M
oids 

. M
oids 

nitro

are 

mida

equa

l as 

.13(

obse

r 3. 

g an

he be

Molec
are 

Molec
are 

ogen

sim

al c

atori

the 

(15-

erved

nd th

enze

cula
dra

cula
dra

n (N

milar

oord

ial b

ang

103

d fro

he b

ene r

ar st
awn 

ar st
awn 

N1) 

r, an

dina

bond

gles 

.84(

om 

benz

ring

truct
at th

truct
at th

and

nd a

ation

d an

amo

(12)

the 

zene

g and

ture
he 3

ture
he 3

d car

are c

n in

ngle

ong

)° fo

perp

e rin

d th

e of 
30%

e of 
30%

rbon

com

n ea

es of

 the

for 3

pen

ng fo

he rin

com
% pro

com
% pro

nyl o

mpar

ach 

f 11

e axi

3, in

dicu

orm

ng C

mpl
obab

mpl
obab

oxyg

able

com

4.67

ial a

ndic

ular 

m a d

C8–

ex 
bility

ex 2

bility

gen 

e to 

mple

7(13

and 

cate 

ang

dihe

C9–

1 w
y lev

2 w
y lev

(O1

tho

ex is

3)-1

equ

the

gles 

dral

–N4–

with 
vel.

with 
vel.

1) at

ose o

s di

29.4

uator

e di

betw

l ang

–H4

the
 

the
 

tom

obse

istor

47(1

rial 

istor

wee

gle 

4B⋯

e ato

e ato

ms of

erve

rted 

13)°

don

rtion

en th

of 6

⋯O1

om 

om 

f the

ed in

fro

° for

nor a

n of

he tw

6.2(4

1–C

labe

labe

e hy

n zin

om i

r 1, 

atom

f th

wo a

4)°

C7 is

eling

eling

ydraz

nc c

idea

114

ms o

he tr

axia

for 

s 1.2

g sc

g sc

zone

com

al ge

4.4(4

of 71

rigo

al bo

1, 5

2(4)°

chem

chem

e lig

mplex

eom

4)-1

1.14

onal-

onds

5.7(4

° for

me. 

me. 

gand

xes 

metry

132.

4(15

-bip

s of 

4)° 

r 1, 

The

The

d. Th

with

y, a

0(2)

)-10

pyram

f 145

for 

5.4(

erm

erm

he Z

h hy

as in

)° fo

02.2

mid

5.25

2, a

(4)°

 

mal 

 

mal 

Zn–O

ydra

ndic

or 2

22(1

dal c

5(15

and 

° for

O an

azon

cated

2, an

3)°

coor

)° fo

7.5(

r 2, a

nd Z

ne li

d by

nd 1

for 

rdin

for 1

(5)°

and 

Zn–N

igan

y th

114.

1, 7

natio

1, 14

 for

3.9

1

N b

nds [

he b

44(

73.1

on. 

47.9

r 3. 

(5)°

363

bond

[32-

bond

13)-

(4)-

The

(4)°

The

° for

3

d 

-

d 

-

-

e 

° 

e 

r  



1

 

3

s

n

m

a

a

 

 

#

 

1364

3, in

struc

netw

mole

amin

are l

 

 

6 1–

4 

ndica

cture

work

ecul

no H

inke

N

O

O

N

–x, 2

ating

e of

k alo

les t

H ato

ed th

D

N3–

N4–

N4

O3–

O3–

N3

N4

N3

N4

N4–

N8–

N4–

N4–

Sy
2–y, 

g th

f co

ong 

throu

om 

hrou

D–H

–H3

–H4A

–H4

–H3A

–H3

3–H

–H4

3–H

–H4

–H4

–H8

–H4

–H4

ymm
1–z

hey a

ompl

the

ugh 

form

ugh 

H⋯A

3⋯B

A⋯

4B⋯

A⋯

A⋯

H3⋯

4B⋯

H3⋯

4B⋯

4A⋯

8A⋯

B⋯

4A⋯

metry
z;  #7

 

Fig

elli

are a

lex 

e bc

 N–

ms a

N–H

TA

A 

Br2#

⋯Br2

⋯O1

⋯Br1

⋯S1#

⋯O3

⋯O1

I2#5

⋯O1

⋯I2#

⋯N7

⋯O2

⋯N3

y co
7 1–x

g. 3.

ipso

appr

1, t

c pla

–H⋯

an in

H⋯

TABL

#1 

2#2 

1 

1#3 
#4 

 

1 

5 

1 
#6 

7 
#7 

3 

odes
x, 1–

. M
oids 

roxi

the 

ane 

⋯O 

ntram

⋯I hy

LE 

s:  #

–y, 

Molec
are 

imat

mol

(Fi

and 

mol

ydro

4. H

1 x, 
1–z

cula
dra

tely 

lecu

ig. 4

 O–

lecu

ogen

Hydr

1/2
. 

ar st
awn 

cop

ules 

4). I

–H⋯

ular N

n bo

roge

d(

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

–y, 

truct
at th

plan

are

In th

⋯Br 

N–H

onds

en B

(D–H

.90(

.90(

.90(

.96(

.96(

0.86

0.86

.90(

.90(

.90(

.88(

.88(

.89(

–1/

ture
he 3

nar. T

e lin

he c

hyd

H⋯

s (Ta

Bond

H) 

(1) 

(1) 

(1) 

(1) 

(1) 

6 

6 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

2+z

e of 
30%

This

nked

crys

drog

O h

able

d Di

z;  #2

com
% pro

s is 

d thr

stal 

gen 

hydr

e 4), 

istan

2 –x

mpl
obab

cau

roug

stru

bon

oge

to f

nces

, 1–

ex 3

bility

used 

gh N

uctur

nds (

n bo

form

s (Å

d(

2

2

2

2

2

2

3

2

2.

2.

–y, 1

3 w
y lev

by 

N–H

re o

(Tab

ond 

m tw

Å) an

d(H⋯

1 

2.67

2.92

2.08

2 

3.0(

.99(

2.1

2.0

3 

2.73

2.07

3.00

4 

2.06

247

064

1–z;

with 
vel.

the 

H⋯B

of c

ble 4

(Fig

wo-d

nd B

⋯A)

7(6)

2(5)

8(5)

(2)

(19)

18 

08 

(3)

7(5)

0(2)

6(2)

7(11)

4(17)

  #3

the
 

pre

Br h

omp

4), t

g. 5

dime

Bond

) 

) 

) 

) 

1–x

e ato

senc

hydr

plex

to fo

). In

ensio

d An

x, –

om 

ce o

roge

x 2, 

orm

n the

onal

ngle

1/2+

labe

of N

en b

the

m one

e cry

l net

es (d

+y, 

eling

N4–H

bond

e co

e-di

ysta

two

deg) 

d(D

3.3

3.6

2.6

3.41

3.70

2.93

2.69

3.5

2.6

3.8

2.6

3.1

2.7

1/2–

g sc

H4B

ds (

omp

men

al str

rk a

for 

D⋯A

346(

653(

675(

13(1

02(1

34(1

99(1

572(

656(

861(

674(

07(

726(

–z;  

chem

B⋯O

(Tab

lex 

nsio

ruct

along

the 

A) 

(5) 

(5) 

(7) 

14)

17)

17)

15)

(5) 

(7) 

(6) 

(4) 

(3) 

(3) 

#4 1

me. 

O1 h

ble 4

mo

onal 

ture 

g th

Com

1–x, 

The

hydr

4), t

olecu

cha

of c

he ab

mpl

–y,

erm

roge

to fo

ules 

ains 

com

b pla

lexe

, 1–

 

mal 

en b

form

are

alon

mplex

ane 

es 

∠

–z;  

ond

m tw

e lin

ng t

x 3,

(Fig

∠(D–

13

14

12

11

132

14

12

15

12

16

12

16

13

#5 x,

d. In 

wo-d

nked

the b

 the

g. 6)

–H⋯

33(7

40(6

23(5

1(15

2(19

6(11

8(11

56(6

22(5

61(5

25(2

66(2

30(2

, 3/2

the

dime

d by

b ax

e mo

). 

⋯A)

7) 

6) 

5) 

5) 

9) 

1) 

1) 

6) 

5) 

5) 

2) 

2) 

2) 

2–y,

e cry

ensio

y w

xis. 

olecu

) 

, 1/2

ystal

onal

water

The

ules

2+z;

l 

l 

r 

e 

s 

;  



 

c

e

n

e

b

2

a

c

th

th

a

N

4

v

C

th
 

cryst

equa

nitro

enol

by th

2.25

and 

coor

he o

hat 

and N

N–H

400 

vibra

C=O

hese

talli

atori

ogen

ate o

he b

7(2)

tran

rdina

othe

betw

N8–

H⋯O

cm–

ation

O gro

e ba

Str

izes 

ial p

n (N

oxy

bond

)°, r

ns co

ation

Th

er on

wee

–H8

O hy

IR
–1 u

ns o

oup

ands

ruct

in 

plan

N6) 

ygen

d len

resp

oord

n. 

he py

ne. T

n th

8A⋯

ydro

R an

using

of N

, an

s are

ture

the 

ne de

from

n (O2

ngth

ecti

dina

yrid

The 

he C

⋯N7

ogen

nd U

g K

NH2, 

nd th

e ob

 

e de

mo

efin

m tw

2) o

hs an

vely

ate b

dine 

dih

C21–

7 hy

n bo

UV s

KBr 

and

he m

serv

escr

onoc

ned b

wo h

of th

nd a

y, w

bond

ring

hedra

–C26

ydro

onds

spec

pell

d tha

medi

ved 

ripti

clini

by t

hyd

he hy

angle

which

d an

g an

al an

6 be

gen

 (Ta

ctra

lets.

at at

ium 

at 1

ion 

ic s

the 

razo

ydra

es. T

h ar

ngles

nd th

ngle

enze

 bon

able

a. Th

. Th

t 32

ban

632

of 

spac

pyri

one 

azon

The

re co

s are

he b

e be

ene 

nds 

 4), 

he IR

he i

205 c

nd a

2-16

com

ce g

idin

liga

ne li

 Zn–

omp

e 73

benz

twe

ring

in t

to f

R sp

infra

cm–

at 16

633 c

mpl

group

ne ni

ands

igan

–O 

para

3.96

zene

een t

g an

the l

form

pect

ared
–1 is 

611 

cm–

Fig

of 
sho
hyd
for
om

lex 

p P

itrog

s, an

nd. T

and

able 

6(8)-

e rin

the C

nd th

liga

m tw

tra o

d ab

assi

cm–

1 fo

g. 4.

com
own
drog
rmat

mitted

4. 

P21/n

gen 

nd w

The 

d Zn

to t

-109

ng fo

C8–

he ri

ands

wo-d

of th

bsorp

igne
–1 ca

r the

 M
mple
n a
gen 
tion 
d fo

The

n. T

(N1

with

octa

n–N 

thos

9.41

orm

–C13

ing 

. In 

dime

he fr

ptio

ed to

an b

e co

Molec
ex 1

as 
atom
of

or cl

e m

The 

1), i

h th

ahed

bon

se ob

(8)°

 a d

3 be

C21

the

ensio

ree h

n b

o NH

be a

onju

cula
1. H

da
ms 

f hy
arity

molec

Zn 

imin

e tw

dral 

nd le

bser

° an

dihed

enze

1–C2

e cry

onal

hyd

band

H. T

attrib

ugate

ar p
Hydr

shed
not 

ydro
y. 

cula

ato

no n

wo a

coo

engt

rved

d 14

dral

ene r

22–

ystal

l net

drazo

ds at

The 

bute

ed g

pack
roge
d 
inv

ogen

ar st

om i

nitro

axia

ordin

ths i

d in 

49.3

l ang

ring

–N8–

l str

twor

one 

t 34

free

ed to

grou

king 
en b

line
volv
n bo

truc

in t

ogen

al po

natio

in th

zinc

31(8

gle 

g and

–H8

ructu

rk a

and

482

e hy

o az

ups –

dia
bond
es. 
ed i
ond

cture

he 

n (N

ositi

on i

he c

c co

8)-17

of 7

d th

8A⋯

ure 

along

d the

cm–

ydra

ome

–CH

agra
ds a

Th
in th

ds a

e co

com

N2) a

ions

is di

omp

omp

75.3

7.3(4

he rin

⋯N7

of t

g th

e co
–1 a

azon

ethin

H=N

 

am 
are 
he 
he 

are 

omp

mple

and 

s oc

istor

plex

lexe

37(8

4)° 

ng C

7–C2

the c

he bc

ompl

and 

ne ex

ne g

N–N=

plex 

ex is

eno

cup

rted 

x are

es w

8)°, i

for 

C8–

20 i

com

c pla

lexe

337

xhib

grou

=C(

4

s in

olate

ied 

from

e 2.0

with 

indi

one

–C13

is 1.

mplex

ane 

es w

73 c

bits 

up, μ

O)–

is s

n oc

e ox

by 

m o

0758

hyd

icate

 hyd

3–N

.8(4

x, th

(Fig

were 

m–1

stro

μ(C=

–. W

show

ctahe

xyge

the 

ctah

8(18

draz

e the

draz

N4–H

)°. T

he m

g. 8)

rec
 are

ong b

=N)

While

wn 

edra

en (

pyr

hedr

8)-2

zone

e di

zone

H4A

Ther

mole

). 

corde

e as

band

) [43

e in 

in 

al co

(O1)

ridin

ral g

2.156

e lig

stor

e lig

A⋯N

re p

ecul

ed i

ssign

d at 

3]. I

the 

Fig

oord

) an

ne n

geom

66(1

gand

rtion

gand

N3–

prese

les a

in th

ned 

164

In th

spe

. 7. 

dina

nd th

nitro

metr

18)°

ds [3

n of 

d, an

–C7 

ent N

are l

he re

to 

41 c

he c

ectru

Th

ation

he o

ogen

ry, a

° and

38-4

the 

nd 2

is 1

N4–

link

egio

the 

cm–1

comp

um o

e c

n, w

other

n (N

as in

d 2.

42]. 

oct

22.7(

.1(4

–H4

ked t

on o

str
1 du

plex

of c

1

omp

with 

r im

N5) 

ndica

040

The

tahe

(5)°

4)°, 

4A⋯

thro

f 40

retch

e to

xes 

omp

365

plex

the

mino

and

ated

0(2)-

e cis

dral

° for

and

⋯N3

ough

000-

hing

o the

1-3,

plex

5

x 

e 

o 

d 

d 

-

s 

l 

r 

d 

3 

h 

-

g 

e 

, 

x  



1

 

 

4

lo

a

c

c

 

1366

4, th

ocat

agre

char

comp

6 

he C

ted 

es w

acte

plex

C=N 

at h

with

erist

x 2, 

vib

high

h the

tic a

the 

brati

her f

e di

abso

inte

 

on i

frequ

ffer

orpti

ense

is lo

uenc

rent 

ions

e and

Fig

sho
for

ocate

cies

typ

 in 

d typ

Fig

bon
inv
cla

g. 6.

own
rmat

ed a

s, wh

pes o

the 

pica

g. 5.

nds 
volv
arity

. Mo
n as
tion 

at 16

hile

of th

reg

al ba

. M
are

ed 
y. 

olec
s da

of h

603 

 tha

he h

gion

and 

Molec
e sh
in t

cular
ashe
hydr

cm–

at in

hydr

n 32

at 2

cula
how
the 

r pa
ed l
roge

–1 [4

n com

razo

200-

2088

ar p
wn a

form

ackin
lines
en b

44]. 

mpl

one 

350

8 cm

pack
as d
mati

ng d
s. T

bond

The

lex 4

liga

00 cm

m–1 i

king 
dash
ion 

diag
The 
ds ar

e wa

4 is

ands

m–1

s as

dia
hed 

of 

gram
hy

re om

ave 

s loc

s, viz

tha

sign

agra
line
hyd

m of
ydrog
mitt

num

cated

z. k

at ca

ned 

am 
es. 
drog

f com
gen 
ted f

mbe

d at

keton

an b

to th

of 
The

gen 

mpl
ato

for c

ers o

t low

ne f

be a

he v

com
e hy
bon

lex 3
oms
clari

of th

wer 

for 1

ssig

vibra

mple
ydro
nds 

3. H
s no
ity.

he az

freq

1, 2

gned

ation

ex 2

ogen
are 

Hydr
ot i

zom

quen

2 an

d to 

n of

2. H
n at

om

roge
invo

meth

ncy 

d 3,

NH

f the

Hydr
tom

mitte

en b
olved

hine 

wh

, an

H str

e thi

roge
s n

ed f

bond
d in

gro

en c

nd en

retc

ocy

 

en 
not 
for 

ds a
n th

ups 

com

nol 

ching

yanat

 

are 
he 

in c

mpar

for 

g ba

te li

com

red w

4. 

ands

igan

mple

with

The

s. In

nd [4

xes 

h tha

e co

n th

45].

1, 2

at o

mpl

he sp

2 an

of H

lexe

pect

nd 3

L. T

es sh

trum

 are

This

how

m of

e 

s 

w 

f 



 

 

h

(

3

c

G
 

hydr

300

325 

charg

Gram

razo

0 nm

nm 

ge t

m (+

Th

one, 

m) ar

can

trans

An

+) ba

he U

the 

re a

n be 

sfer 

ntim

acte

UV 

ban

asso

assi

[46

micr

erial

 

spec

nds 

ciat

igne

6]. 

robia

l stra

Fig

Th

ctra

at 3

ted w

ed to

al a

ains

g. 7.

erm

Fig

sho
for

a of 

50 n

with

o in

activ

s (Ba

. M
mal e

g. 8.

own
rmat

f the

nm 

h th

ntrali

vity

acil

Molec
ellip

. Mo
n as
tion 

e hy

are 

he be

igan

y. Th

lus s

cula
soid

olec
s da

of h

ydra

attr

enze

nd tr

he h

sub

ar st
ds ar

cular
ashe
hydr

azon

ribut

ene 

rans

hydr

tilis

truc
re d

r pa
ed l
roge

ne an

ted t

π–π

sitio

razo

s and

cture
draw

ackin
lines
en b

nd 

to th

π* t

ns, 

one 

d St

e of
wn at

ng d
s. T

bond

the 

he a

tran

and

and

taphy

f co
t the

diag
The 
ds ar

com

azom

nsitio

d tho

d th

hyloc

omp
e 30

gram
hy

re om

mple

meth

on. 

ose i

he co

cocc

plex 
% p

m of
ydrog
mitt

exes

hine

In t

in th

omp

cus 

4

prob

f com
gen 
ted f

s w

e chr

the 

he re

plex

aur

with
babil

mpl
ato

for c

were 

rom

spec

egio

xes w

reus)

h th
lity 

lex 4
oms
clari

rec

moph

ctra

on 3

wer

) an

he a
leve

4. H
s no
ity.

cord

hore 

a of 

60-3

re sc

nd tw

atom
el. 

Hydr
ot i

ed i

π–π

the

390

cree

wo G

m la

roge
invo

in m

π* t

e com

 nm

ened

Gram

abel

en b
olved

meth

trans

mpl

m ma

d fo

m (–

ling 

bond
d in

hano

sitio

lexe

ay c

r an

–) b

sch

ds a
n th

ol. I

on. T

es, th

orre

ntiba

acte

hem

 

are 
he 

In t

The 

he p

espo

acte

erial

 

me. 

the 

ban

peak

ond t

erial

l stra

spec

nds 

ks in

to th

 act

ains

ctru

at h

n th

he li

tivit

s (Es

um o

high

he re

igan

ty a

sche

of t

her e

egio

nd-to

again

erich

1

the 

energ

on 2

o-m

nst 

hia

367

free

gies

295-

metal

two

coli

7

e 

s 

-

l 

o 

i  



 

1368 

TABLE 5. The MIC Values (μM) of the Compounds 

Tested material B. subtilis S. aureus E. coli P. fluorescens C. albicans A. niger 

HL 9.4 37.5 37.5 >150 >150 >150 

1 2.3 4.7 9.4 18.8 >150 >150 

2 2.3 4.7 9.4 18.8 >150 >150 

3 2.3 4.7 9.4 18.8 >150 >150 

4 4.7 18.8 18.8 75 >150 >150 

Kanamycin 0.6 2.3 4.7 4.7 >150 >150 

Penicillin G 2.3 4.7 >150 >150 >150 >150 

Ketoconazole >150 >150 >150 >150 4.7 18.8 
 

and Pseudomonas fluorescens) by MTT method. The MIC (minimum inhibitory concentration) values of the compounds 

against four bacteria are listed in Table 5. Kanamycin and Penicillin G were used as the standard agents. The free hydrazone 

has medium activity against B. subtilis, and weak activity against S. aureus and E. coli, while inactive against P. fluorescens. 

In general, the complexes have better activities against the bacteria than the free hydrazone. Interestingly, complexes 1-3 

have similar activities against all the bacteria strains. Thus, the Br, NCS and I ligands have no obvious influence on the 

antibacterial activity. The three complexes showed strong activity against B. subtilis and S. aureus, medium activity against 

E. coli, and weak activity against P. fluorescens. Complex 4 showed good activity against B. subtilis, and weak activity 

against the remaining bacteria strains. Interestingly, complexes 1-3 have effective activity against B. subtilis and S. aureus, 

which are comparable to the reference drug Penicillin G. 

The antifungal activity of the compounds was also evaluated against two fungal strains (Candida albicans and 

Aspergillus niger) by MTT method. Ketoconazole was used as a reference agent. Complexes 1-3 have weak activity against 

P. fluorescens, while no activity against C. albicans and A. niger. Complex 4 has very weak activity against P. fluorescens, 

which is weaker than complexes 1-3. 

CONCLUSIONS 

In summary, the present paper reports the synthesis, characterization and crystal structures of four new zinc 

complexes with the ligand 2-amino-N′-(pyridin-2-ylmethylene)benzohydrazide. The hydrazone ligand coordinates to the Zn 

atom through the pyridine nitrogen, imino nitrogen and carbonyl oxygen. When Lewis bases were added to the reaction 

mixture, the hydrazone ligand coordinates to the Zn atom through the pyridine nitrogen, imino nitrogen and enolate oxygen. 

Thus, the presence of Lewis bases contributes to the enolate form of the hydrazone compound. The complexes have effective 

antibacterial activity against S. aureus. 
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