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Abstract

A new Schiff base ligandHL?, and four new Schiff base complexl.,, PdL';, NiL% andznL?,
have been prepared and characterized by elemerabises (CHN), FT-IR and UV-Vis spectroscopy.
'H and **C NMR techniques were employed for characterizatidnthe ligand HL? and the
diamagnetic complexePdL', and ZnL%). The molecular structures &fdL',, NiL% and ZnL?
complexes were determined by the single crystadiffraction technique. The crystallographic data
reveal that in these complexes the metal centerfoar-coordinated by two phenolate oxygen and two
imine nitrogen atoms of two Schiff base ligandse Treometry around the metal center in Fiu. ',
andNiL % complexes is square-planar andZot_? it is a distorted tetrahedral.

In the end, five newHL? NiL';, PdL%, NiL% andznL?%) and six reportedHL*, VOL %, CoL%;,
CuL',, znL% andZn,L*,) Schiff base compounds were tested for tirewitro antimicrobial activity
againstStaphylococcus aure@ndEscherichia colias examples of Gram-positive and Gram-negative

bacterial strains, respectively, by disc diffusioathod.

Keywords: Schiff base, Crystal structure, Antibacterial aityiv



1. Introduction

Schiff bases play an important role in inorganieraistry as they easily form stable complexes with
most transition metal ions [1-7]. The high stapilgotential of Schiff base complexes with different
oxidation states extended the application of tlwesepounds in a wide range.

The catalytic activity of Schiff base metal comm@exhas been analyzed critically in various reastion
such as polymerization, oxidatioepoxidation, reduction of ketones, allylic alkytatiand Michael
addition reactions [4, 8-17].

Apart from the catalytic applications of Schiff kasompounds, they are important class of compounds
in medicinal and pharmaceutical fields. They shovemiial applications and properties such as
anticancer, anticonvulsant, antitumor, antifungatjbacterial, antitubercular, antioxidant, antianll,
anti-inflammatory and anti-HIV activities [5, 18-28]

Although numerous Schiff base complexes with déifer structures have been synthesized and
characterized, reports on Schiff base ligands amdptexes derived from amines containing terminal
allyl group are scanty [29, 30]. We have recentlgarted the synthesis and structural properties of
bidentate Schiff base ligan#ll( *) derived from salicylaldehyde and allylamine atsdManadium(IV),
Cobalt(111), Copper(ll) and Zinc(Il)) complexes [BJAIso, in another work, a new asymmetric Schiff
base ligand derived from condensation of 2,3-dibygbenzaldehyde and allylamine and its Mo(VI)
complex were prepared and characterized by singystad X-ray analysis that showed special
geometry called pseudo-scorpionate due to hydragernaction in terminal allyl group of the ligands
[32-36]. In continuation of these studies, herei@ m@port the synthesis, characterization and X-ray
crystal structures of four new complex®8l,, PdL*,, NiL% andznL?, of the reportedHL*) and
new (bidentate Schiff base ligands (Schemes 1 anth Zontinuation, the antibacterial activities of

Schiff base ligandsHL! andHL?, and its mononuclear complexasQL',, CoL';, CuL?,, ZnL™,
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NiL%, PdL%, NiL% and ZnL?%, and also a related binuclear Zn(ll) compl&n,L's, have been
investigated for theim vitro antimicrobial activity agains$taphylococcus aureyTCC 29737) and
Pseudomonas aeroginogRTTC 1570) as examples of Gram-positive and Gnagsative bacterial
strains, respectively, by disc diffusion methode Tiffusion method is simple, yet is routinely used
hospital laboratories; it requires commercial digke medium used is Mueller-Hinton agar with 2% of
glucose, and the diameter of the zone of inhibii®wisually read 24 h after incubation at 37 °C.
Antibacterial activity was estimated on the bagithe size of the zone of inhibition formed arouhd

paper disks on the seeded agar plates.

2. Experimental section

2.1. Chemicals and instrumentation

All the chemicals were purchased from Merck Co. asdd without further purification. The FT-IR
spectrum was recorded on a JASCO, FT/IR-6300 spmeter (4000—400 ch) in KBr pellets. The
elemental analysis was performed on Leco, CHNS-888 Perkin-Elmer 7300 DV elemental
analyzersVOL Y, Col';, CuL?,, zZnL', and Zn,L*; were prepared according to literature methods

[29, 31].

2.2. Crystal structure determination

X-ray data forPdL%,, NiL?% andZnL 2% complexes were collected on a STOE IPDS-II difoaveter
with graphite monochromated Mositadiation. FomNiL %, the crystals were green and fedL®, and
ZnL %, complexes, the crystals were yellow. A high-quafitgce of crystal was chosen in each case
using a polarizing microscope and they were mounte@ glass fiber, then used for data collection.

Cell constants and an orientation matrix for datection were obtained by least-squares refinement
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Data were collected at a temperature of 298(2) serées ofn scans in 1° oscillations and integrated
using the Stoe X-AREA [37] software package. A nuoaé absorption correction was applied using
the X-RED [38] and X-SHAPE [39] software’s. The a@avere corrected for Lorentz and Polarizing
effects. The structures were solved by direct nighasing SIR2004 [40]. The non-hydrogen atoms
were refined anisotropically by the full matrix $asquares method d¥f using SHELXL [41]. All
hydrogen atoms were added at ideal positions antsti@ned to ride on their parent atoms.
Crystallographic data for complexes are listed abl€ 1. Selected bond distances and angles are

summarized in Table 2.

2.3. Synthesis of Schiff-base ligand (H)

Allylamine (10 mmol) was dissolved in 30 ml of ahge methanol or chloroform and added slowly to
a stirred solution 2-hydroxy-5-methylbenzaldehyd® (mmol) in 30 ml of absolute methanol or
chloroform at ambient temperature. The color imrataly changed to yellow. The mixture was then
stirred for 2h at ambient temperature before remoft/aolvent under vacuum. The result was yellow
oil. Anal. Calc. for GiH130N: C, 75.40; H, 7.48; N, 7.99. Found: C, 75.33;7H3; N, 8.04. Selected

IR data (KBr,cn): 1631¢C=N), 1328 {C-O).

2.4. Preparation of complexes (Nits, NiL?%, ZnL? and PdL',)

A MeOH (or EtOH) solution (20 ml) of allylamine (@mol) was added dropwise to a MeOH solution
(20 ml) of the salicylaldehyde (for preparation ®iL', and PdL',) or 2-hydroxy-5-
methylbenzaldehyde (for preparationMiL. %, andZnL %) (6 mmol). The yellow solution was stirred
for 2h at ambient temperature. Then a solutiomiefitylamine (8 mmol) in absolute MeOH (5 ml) was
added to the solution. The solution was essentihk yellow at this time. The mixture was stirfed
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10 min, and then a solution of appropriate metél & mmol Zn(NQ),.6H,O , NiChL.6H,O or

Pd(OAc)) in absolute MeOH (20 ml) was added dropwise.

NiL %: Upon addition of NiGJ, the color of solution changed to green. The tesmlsolution was
stirred for 12h at ambient temperature. After comigion at room temperature, the green precipitate
was collected by filtration. The typical yield w88%. Anal. calc. for gH»oN,O.Ni: C: 63.37, H:
5.32, N: 7.39. Found: C: 63.36, H: 5.35, N: 7.3@leSted IR data (KBr, cif): 1609 ¢C=N), 1326

(vC-0).

NiL?%: Upon addition of NiGJ, the color of solution changed to green. The tesplsolution was
stirred for 12h at ambient temperature. The gredutisn was slowly evaporated to dryness at room
temperature to yield a green solid which was pedlifoy washing with 50 ml of cold methanol and the
obtained green precipitate was dried in air. Appedp single crystals for X-ray crystallography wer
obtained directly from the reaction mixture. Thpital yield was 89%. Anal. calc. for,&1,4N,0,Ni:

C: 64.90, H: 5.94, N: 6.88. Found: C: 64.86, H:15.W: 6.90. Selected IR data (KBr,&n

1617¢C=N), 1329 {C-O).

ZnL %y

After adding of Zn(NQ),.6H,O, the resulting solution was stirred for 12h abant temperature. The

yellow solution was slowly evaporated to drynessoaim temperature to yield a yellow solid which
was purified by washing with 50 ml of cold methandlppropriate single crystals for X-ray

crystallography were obtained directly from thectemn mixture. The typical yield was 84%. Anal.



calc. for GoH.4N-O.Zn: C: 63.85, H: 5.85, N: 6.77. Found: C: 63.885H83, N: 6.76. Selected IR data

(KBr,cm™): 1619 ¢C=N), 1322 (C-O).

PdL%,: Prepared in a similar manneriiL , but the resulting green solution after adding P2 (3
mmol) was refluxed for 12h. After concentratiorr@m temperature, green precipitate was collected
by filtration and purified by washing with cold rhainol. Recrystallization from GBI, yielded single
crystals of PdL?, suitable for X-ray crystallography. The typicaleld was 82%. Anal. calc. for
CaoH20N20.Pd: C: 56.28, H: 4.72, N: 6.56. Found: C: 56.35,473, N: 6.62. Selected IR data

(KBr,cm™): 1622 ¢C=N), 1320 {C-O).

2.5. Antibacterial studies

The antibacterial activity of compounds were testedStaphylococcus aureu8TTC 29737 and
Pseudomonas aeroginoATTC 1570 (Persian type culture collection) by pamson based on
diameter of inhibition zone using the standard &Bauer disc diffusion assay (KBDD method). The
bacterial speciesStaphylococcus aurewmndPseudomonas aerogingsaere stored in a refrigerator.
Nutrient agar powder (1.8 g) was dissolved in 5@fwater, sterilized by autoclaving at 115 °C 26r
min, cooled in a disinfected laminar hood and 00f culture of each organism was seeded in agar
plates using the pour plate technique. The compovaxiplaced on top of the agar and the plates and

incubated at 37 °C overnight. The zones around daschwere measured with a ruler.

3. Results and discussion

3.1. IR spectra



The formation of Schiff base liganHL ?, is evidenced by the presence of a strong IR bad631 crh

! due tov(C=N), while no bands attributable ¢(C=0) or tov(NH,) have been detected [31, 42].

A comparison of the spectra of the free ligardls [31] andHL?, and its Ni(ll), Zn(Il) and Pd(II)
complexesNiL ', PdL';, NiLZ% andZnL?, indicated that the ligands were coordinated ®rifetal
centers. Coordination of the azomethine nitrogethéometals was suggested by the shift of the C=N
band to lower frequencies in the IR spectra ofzihe, nickel and palladium complexes compared with
the Schiff base ligands. Formation of M-—N bondglieg to weakening of C=N band and this can be
explained by the donation of electrons from theogién atom to the empty d-orbitals of the metaiato
[4]. Additional support for the formation of the (N) Zn(ll) and Pd(Il) complexes were provided by
the existence of weak intensity bands at ~ 480 attributed to the formation of M—N and M—O

bonds [14].

3.2. NMR study

The'H NMR and**C NMR spectra of the Schiff base ligartl, >, and diamagnetic complexdziL®,
andZnL 2, were measured in CDgwith TMS as internal standarfhe data is depicted in Figs. 1 and
2 and spectra in Figs. S1-S7. Theand'*C NMR were run immediately after dissolving in CR@hd
gave the expected simple spectra, indicating thegiity of Schiff base ligand and complexes. The
spectra for ligand and complexes obtained afte4248 and 120 h were similar to the initial spect
indicating that Pd(ll) and Zn(Il) complexes arebdtain deuterated chloroform.

The'H NMR spectrum ofHL ? shows one singlet peak at 8.31 ppm correspondiriiget imine proton
(CH=N), and an almost broad O-H signal at 13.22 pphe‘H NMR spectra of the complexes are
almost similar to that of the ligands with slighifs to lower fields. The signal for the imine protm

the Pd(Il) and Zn(Il) complexes appears at 7.56 &A4@, respectively, and this is shifted upfieldhwit
8



respect to the corresponding signal in the freanklj indicating that the metal-nitrogen bond is
retained in solution. Phenolic-OH signals of Schifise ligands,HL *:11.1 ppm andHL %13.2 ppm)
disappears in spectra of their complexes, indigatimat OH protons are removed completely upon
coordination.

The *C NMR spectra of Schiff base ligand, Pd(ll) and IBn¢omplexes, show one peak at 165.7,

162.6 and 171.3 ppm corresponding to the iminearagiom oHL %, PdL', andZnL 2, respectively.

3.3. X-Ray diffraction studies

3.3.1. Structure description of PdL; and NiL?%

The molecular structure oPdL', and NiL?% are shown in Figures 3 and 4, respectively. The
crystallographic data and selected bond lengthsaagtes are collected in Tables 1 and 2. In thiel sol
state,PdL*;, and NiL? are placed in a crystallographic center of symmetag is right in the middle
point of the M(Il) in a planar-transoid conformatiaFigs. 3 and 4). The molecular unit is
centrosymmetric and is made up of equivalent halVee crystallographic data reveal that the Ni(ll)
and Pd(ll) complexes are four-coordinated by twernaiate oxygen and two imine nitrogen atoms of
two Schiff base ligands. The Schiff base ligands @ranged with respect to each other imaas
orientation such that one allyl substituent lieexabthe [MGQN;] plane and the other below (Fig. S8.).
In NiL % complex, the chelate rings have the envelope fordhthe structure is the step configuration,
while the configuratiorin PdL*, complex is planar [4]. The C=N bond distance 284(4) (N1=C7)
for PdL'; and1.285(5)A (N1=C7) foNiL %, which are consistent with a slight elongatiorihef C—N
double bond when coordinated to a metal center. Btdmination of the main metal-ligand distances
in Ni(Il) and Pd(Il) complexeshows that the M---N distance [1.928(3) A k%, 2.017(2) A for
PdL';] is longer than the M---O distance [1.837(3) A Ntk %, 1.981(2) A forPdL', ]. The bond
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angles O—M—N [O(1)-M(1)-N(1) = 92.53(1)RiL %] and 91.90(10)fPdL%;]; O(1)—M(1)-N(1A) =
87.47(12)°[NiL %] and 88.10(10){PdL";] are close to 90°. These distances and angles milarsto
those seen in related complexes [4, 31]. The CsBnice [1.278(8) A foNiL % and1.294(2) A for
PdL',] is well within the range expected for double befeund in allyl derivatives [29, 31].

Although there are no classical hydrogen bondsrircture ofPdL*; andNiL %, but two intramolecular
C—H...O contacts are observed in the solid states(Bg4; Table 3). Also, there are intermolecular C
H...ttinteractions ifNiL % complex (Fig. 5). Special structures of molecalssemblies can be formed
and controlled by various kinds of hydrogen bondiegyen by C-H.m interactions that are
considerably weaker than classical H bonding. TH&sH/rt interactions also play notable structure-
stabilizing roles in structures. Here C—Hit edge-to-face interactions are present between IGHipg
with H...rtdistance of 2.96 A for C(5)—H(5) ...Cg(1) and 2.9Gok C(10)—H(10B)...Cg(1) [Cg(1)

is centroid for C(1)/C(6) ring].

3.3.2. Structure description of ZnlL%,

An ORTEP view ofZnL?% with the atom-numbering scheme is presented in Bigand the
crystallographic data and selected bond lengths agles are collected in Tables 1 and 2. The
asymmetric unit oZnL , consists of two independent Schiff base complexiés slightly different
bond lengths and angles. The crystallographic dataal that the metal center is four-coordinated by
two phenolate oxygen and two imine nitrogen atofmsvo Schiff base ligands. The geometry around
the metal center is distorted tetrahedral, vidBh/c, space group. The ligands coordinate to the metal
center incis geometry with respect to each other.

The C=N bond distances for two independent molscue 1.276(6) A (N1=C7), 1.287(6) A

(N2=C18), 1.286(8) A (N3=C29) and 1.302(8) A (N4#4which are consistent with a slight
10



elongation of the C—N double bond when coordinatedx metal center [29,31]. The C-O bond
distance exhibit values between 1.313(7) until 8BRA [(C(1)-(01): 1.314(6): (C(12)-(02): 1.328(6)

: (C(23)-(03): 1.321(7); (C(34)-(04): 1.313(7)] EnL % complex, which is nearer to a C-O single
bond than to a C—O double bond distance. Thesantdiss prove that the ligand coordinates to the
Zn(Il) in enolate form [29,31].

Surprisingly, we can see the big difference in geynaround zn(ll) irZnL*, andZnL % complexes.

As depicted in Fig. 6, The geometry around the fre@nter inZnL % complex is distorted tetrahedral.
But, as previously reported by our group [31], teometry around the Zn(ll) center fa@nL',
complex is square planer. The only difference betvnL *; complex and&ZnL % complex is use of 2-
hydroxy-5-methylbenzaldehyde instead of salicylaide in synthesis aZnL % complex. In order to
justify such structures, the investigating of stesind electronic factors in these two complexes is
necessary. As shown in Fig. 6, the methyl groupibf Schiff base ligand is very far from Zn(ll)
center. For this reason, we don't have any stéridrance on behalf of methyl groupZmL %, complex

for changing of the structure of square planar istodted tetrahedral. Then, the only effective

parameter for this change is electronic factor.

3.4. Electronic spectra

Electronic spectra of the free Schiff base ligaadsl their complexes were recorded in a MeOH
solution and are shown in Fig. 7. Based on liteeadata recorded for benzene [43] and amil
Schiff bases in different solvents [44], aNpectra of Schiff bases and their complexes dixhib
two main bands. The first intense dodier wavelength bands in the 215-270 nm regiore hawlar
extinction coefficient values greater than one famd and are attributed to intra-riregy1t* transitions

of the phenolic ring that in the complexes are ificantly shifted relative to the free ligand aseault
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of the coordination of the heavy metal core. Theoad bands at the 270-400 nm range involve the
azomethine T>T* and R-T* transitions that foHL and its complexes shift to lower wavelengths.
In the Ni(Il) and Pd(Il)complexes, the band around 400 nm may be due to TLKEZN(p)—>M(d))
transition. In these two complexes witfi sdjuare planar structure, itis expected show three
spin-allowed d—d transition bands correspondirg'Atg — "Azg, "A1g— 'Big and'Asq — 'Eg, while

the tailing of CT bands that appeared at ~ 400taward the visible region cause the

disappearance of these bands [4, 45].

3.5. Antibacterial results

Schiff base ligand and its metal complexes weraluated for theirin vitro antibacterial activity

against Staphylococcus aureusand Escherichia colias examples of Gram-positive bacteria and

Gram-negative bacteria, respectively. The diskfusion method was carried out to evaluate the

antibacterial activity of compounds (Fig. S9). Abmpounds were used as powder in antibacterial

activity test except the Schiff base ligands thatewsed as oil. The results of the antimicroliéi/ay

of the Schiff base ligand and complexes againstdesacteria are shown in Table 4. From the results

we can conclude that:

1. On comparing the activity of the tested complexath Schiff base ligands, the obtained data
indicated that the activity dfiL ! is less than its complexes, while the activityaf® is partly more
than its complexes.

2. All the tested compounds, excepolL'; CuL', and PdL?; are found to have biological activity
againste. coli.

3. All the tested compounds, exc&pol's andPdL®; are found to have biological activity agaiSst

aureus
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4. Ni(ll) complex, NiL',, appears to have a higher activity ttainthe other metal complexes.

5. There are not lack of growth & aureusand E. coli around the/OL ', complex, but 15 mm after
the VOL %, complex, we can see a zone with very weak growthaoferia (Fig. S9).

6. Although monometallic and bimetallic Zn(ll) compé prepared frontL* ligand, ZnL*, and
Zn,L',, are found to have no biological activity agaiBstaureusuntil 20 mm of samples, but 20
mm after the samples another zone can be seeththgtowth of bacteria is greatly reduced (Fig.
S9).

7. The tested ligands and complexes have almost simhtéitory against Gram-positive and Gram-

negative bacteria.

4. Conclusion

In this study, a new Schiff base ligartl,. 2, and four new Schiff base complexaii. %, PdL?, NiL?2,
andZnL %, have been prepared and characterized. The matestalictures oPdL*,, NiL?, andZnL?,
complexes were determined by the single crystahdiffraction technique. The crystallographic data
reveal that in all the complexes the metal cengeesfour-coordinated by two phenolate oxygen and
two imine nitrogen atoms of two Schiff base ligan@ihe geometry around the metal center in the
PdL*; andNiL % complexes is square-planar andZot_? it is a distorted tetrahedral.

The new synthesized Schiff base ligand and complatie?, NiL,, PdL%, NiL?% andznL?, along
with reported Schiff base ligand and complexds,, VOL',, ColL';, CuL';, ZnL',, Zn,LYs, were
assayed for thein vitro antibacterial activity again&taphylococcus aureuandEscherichia colias
examples of Gram-positive and Gram-negative baattstrains, respectively, by using disc diffusion

method.
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Appendix A. Supplementary data

Crystallographic data for the structures in thigpgrahave been deposited with the Cambridge
Crystallographic Data Centre as the supplementabyligation no. CCDC 1449477, 1449478 and
1449479 foNiL %, PdL', andZnL %, respectively. Copies of the data can be obtaifted,of charge,
on application to CCDC, 12 Union Road, Cambridge2CiBZ, UK (Fax: +44 1223 336033 or e-mail:

deposit@ccdc.cam.ac.uk).
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Fig. 3H NMR and™*C NMR data foPdL®;

HlOb

Hga / Hioa

H \C -—’C/ \
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3 2 // 9 / ~
—Cyo
\
HNMR *CNMR
H, 7.56(S) G 162.59
Hs 7.27(d of t) G 59.48
Hs 720(d of d) G, Cio, Cor 164.52, 136.10,
H, 6.91(d) 134.67, 134.16,
Ha 6.59(t) 120.35, 120.31,
Ho 6.12 (m) 116.85, 115.00
Hiob Hioa 529(d of t),
5.19 (d of d)

Hge,Hst 4.40(d)
s, singlet; d, dtaipt, triplet; m, multiplet
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Fig. 2H NMR and**C NMR data foHL ? andznL %
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7.07 (d) 6.88 (d) G 20.4 20.2
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6.05 (M) 5.86 (M) 133.1, 131.4, 134.9, 133.4,
5.28, 5.23, 5.18, 5.13, 127.6, 118.5, 133.1,3,31.
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4.25,4.23(2d)  4.14(d)
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13.22(s) -

s, singlet; d, doublet; gadget; m, multiplet
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Fig. 3. ORTEP representation BHL®,. Displacement ellipsoids are drawn at the 30% giodtty level
and H atoms are shown as small spheres of arbitadiy Hydrogen bonds are shown as dashed lines.

1
N/
/ // NA/
N \ o/ \ /
l I‘@\ /— \ ”/
TN — N /7
/ \ /" O1A -
/N ///
N
/
X

Fig. 4. ORTEP representation biiL %. Displacement ellipsoids are drawn at the 50% gipdlty level
and H atoms are shown as small spheres of arbitadiy Hydrogen bonds are shown as dashed lines.
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X—H(I)...Cg(J)* H...Cg X...Cg X—H...Cg Symmetry codes

C(5)—H(5) ...Cg(1) 2.96 3.670(4) 134 X,-1/2+RZ

C(10)—H(10B) ...Cg(1) _ 2.90 3.681(7) 142 1+X,Y,Z

*Cg(1): C(1)/C(6) ring
Fig. 5. lllustration of C—H..Ttinteractions in molecular structureiL %
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Fig. 6. ORTEP representation @fL %. Displacement ellipsoids are drawn at the 30% gipdtty level
and H atoms are shown as small spheres of arbitadiy
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Fig. 7.Electronic spectra of Schiff base ligands and cexgs (A:HL* B: VOL?',, C: CoL"s, D:

NiL%, E:ZnLY, F: CuL?,, G: PdL*; H: HL? I: NiL% and JZnL %)

24



Table 1Crystal data and structure refinement detailBdif*,, ZnL % andNiL 2.

PdL’, ZnL% NiL %
Empirical formula GcHzoNzOde G,H24N>0,Zn CZZH24N202Ni
Formula weight 426.78 413.80 407.14
Temperature (K) 298(2) 298(2) 298(2)
Wavelength (A) 0.71073 0.71073 0.71073
Crystal system Monaoclinic Monoclinic Monaclinic
Space group P2;/c P2,/c P2,/c
Unit cell (A, ©)
a 9.1663(9) 13.830(3) 8.7116(17)
b 5.3797(5) 13.282(3) 5.8886(12)
c 18.5168(18) 23.576(5) 19.249(4)
B 90.995(5) 102.39(3) 93.67(3)
Volume (&) 912.96(15) 4229.7(17) 985.4(3)
z 2 8 2
Calculated density (Mg/th 1.552 1.300 1.372
Absorption coefficient (mi)  1.031 1.179 1.003
F(000) 432 1728 428
6 range for data collection (°) 2.20 to 27.10 2.56 t0 27.00 3.06 to 25.00
Index ranges -Kh<11 -1 h<17 -& h<10
-6<k <6 -16< k<16 Kkt
23 1<23 -36<1<30 -2X <22
Reflections collected 13167 28537 5191
Independent reflections 13167 ;fR= 0.0465] 9222 [y = 0.1613] 1704 [Ryy = 0.1445]
Data Completeness (%) 99.5 99.9 98.6
Refinement method Full-matrix least-squardsull-matrix least-squares Full-matrix least-squares
onF? onF? onF?
Data / restraints / parameters 2002/1/115 92822500 1704/0/ 125
Goodness-of-fit o 1.072 0.806 1.047
Final R indices [I1>3 (1)] R; =0.0326 R=0.0688 R=0.0711
wR, = 0.0788 wR, = 0.1576 wR, = 0.1815
R indices (all data) R=0.0505 R=0.1481 R=0.0775
wR, = 0.0886 wR; = 0.1813 wR; = 0.1890

Largest diff. peak and hole
(e.A?)

0.625 and -0.433 1.132 and -1.321 1.221 and -1.564
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Table ZSelected bond distances (A) and angles (°Pfiir’,, NiL2 andZnL 2%

NiL % PdL%, ZnL%,
M(1)*—O(1) 1.837(3)  1.981(2) Zn(1)-0O(1) 1.911(4)
M(1)—N(1) 1.928(3)  2.017(2) Zn(1)-0(2) 1.921(4)
N(1)-C(7) 1.285(5)  1.284(4) Zn(1)-N(1) 1.995(4)
C(9)-C(10) 1.278(8)  1.294(2) Zn(1)-N(2) 2.011(4)
Zn(2)-0(3) 1.916(4)
O(1)-M(1)-O(1A) 180.00(10) 180.000(1) Zn(2)-O(4) .921(4)
O(1)-M(1)-N(1)  92.53(12) 91.90(10)  Zn(2)-N(4) 2416)
N(1)-M(1)-N(1A) 180.00(17) 180.00(13) Zn(2)-N(3) .0D7(5)
C(1)-O(1)-M(1)  128.4(2) 126.4(2) N(1)-C(7) 1.276(6)
C(7)-N(1)-M(2) 124.3(2)  123.3(2) N(Z3(18) 1.287(6)
C(8)-N(1)-M(1) 120.6(2)  119.7(2) N(33(29) 1.286(8)
O(1)-M(1)-N(1A) 87.47(12) 88.10(10)  N(4)-C(40) 0A8)
0(1)-Zn(1)-0(2)  112.99(15)
0O(1)-Zn(1)-N(1)  97.01(16)
0(2)-Zn(1)-N(1)  120.20(18)
0O(1)-Zn(1)-N(2)  117.48(18)
0(2)-Zn(1)-N(2)  96.83(15)
N(1)-Zn(1)-N(2)  113.78(17)
0(3)-Zn(2)-0(4)  111.58(17)
0(3)-Zn(2)-N(4)  121.38(19)
0O(4)-Zn(2)-N(4)  96.1(2)
0(3)-Zn(2)-N(3)  96.2(2)
0(4)-Zn(2)-N(3)  123.3(2)
N(4)-Zn(2)-N(3)  110.3(2)

* M = Ni for NiL*, and Pd foPdL",. Symmetry transformations used to generate etgrivatoms: 1
X+2,-y,- z+2 (forNiL?%) and 1 -x+1,-y+2,-z+2 (foPdL%,)

Table 3. Intramolecular hydrogen bond geometries (A,°)Rdt.', andNiL %

D—H...A D—H H.A D..A D—H...A Symmetry
codes
PdL!, C(8—H(8A)...O(1A) 0.97 2.28 2.792(5 112 1-X,-y,-z
NiL% C(8—H(8B)...O(1A 0.97 2.2( 2.712(5 112 -X,2-y,-Z
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Table 4 Antimicrobial activities of Schiff base ligands aodmplexes

o © g
SR s
) 8 29 S
° = B o < =]
€ 8w E R =
© c a < c 8
5 |eE |38 g
o =
£
HL! | onedrop| 27
NiL%, 620 15
PdL", 0
VoL, 2000 0 There are not lack of growth of bacteria aroundabmplex, but 15 mm
after the complex, we can see a zone with very weakth of bacteria.
2 Col', 580 0
= CuL’, 380 10
3 ZnL%, 460 4 There are not lack of growth of bacteria arounddbm@plex, but 20 mm
) after the complex, we can see a zone with very wgeakth of bacteria.
Zn,LY, 700 11 There are not lack of growth of bacteria arounddbmplex, but 20 mm
after the complex, we can see a zone with very weakth of bacteria.
HL? 2
NiL 2, 7
ZnL%, 2.5
HL' | onedrop| 38
NiL , 800 10
PdL", 0
voLY, 2500 0 There are not lack of growth of bacteria arounddb@plex, but 20 mm
— after the complex, we can see a zone with very wgeakth of bacteria.
3 Col'; 560 0
i CuL?, 330 0
ZnL’, 960 6
Zn,L?, 820 3
HL? 25
NiL % 12
ZnL? 4
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Highlights:

« Synthesis and characterization of a new bidentate Schiff base ligand (HL?) and four new
Schiff base complexes (NiL*,, PdL, NiL% and ZnL?).

« Determination of molecular structures of PdL*,, NiL% and ZnL?% complexes by the
single crystal X-ray diffraction technique.

« Investigation of antimicrobial activity of reported (HL*, VOL';, CoL's, CuL®;, ZnL?%

and Zn,L %) and new (HL?, NiL%, PdL%,, NiL?, and ZnL2,) Schiff base compounds.



