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ABSTRACT

The preparation and characterisation of dithiocanmate (DTC) ligand and its binuclear metal(ll) didbarbamate-
based macrocyclic complexes are reported. The liggand was prepared from the reaction of a bis-setayy
amine, Cgand KOH. The macrocyclic bis(dithiocarbamate) ctarps were synthesised using two approaches; (i)
from the reaction of the free ligand with a metah,iand (ii) via a one-pot reaction. In the fregahd approach,
complexes were prepared by the reaction of potassiithiocarbamate salt with the metal ions; 'M@&d', and CU.

In the one-pot reaction, the complexes were preparging a bis-secondary amine, LZ&EOH and metal(ll)
chloride. Ligand and its complexes were fully cltdesised by elemental analysis, thermal analysHR; UV-Vis,
mass spectroscopy, magnetic susceptibility, coadieet melting points, antH, *C- NMR spectroscopy. These
studies revealed the formation of binuclear macctic\complexes of the general formula [MYl, with tetrahedral
geometries for Mh Cd', and square planar geometry with 'Ceomplex. Bacterial activity of the ligands andithe
metal complexes were screened for their antibaglteattivity against four bacterial species (Esclebia coli,
Pseudomonas aeruginosa, Staphylococcus aureus aoluB stubtilis), which revealed that the comgexare
potentially more active against these bacteriahsts, compared with the free ligand.

Keywords: Dithiocarbamate macrocyclic complexes; One-pottiearStructural studies; Bacterial activity.

INTRODUCTION

Dithiocarbamates (DTCs) are a group of small orgamblecules that have strongly chelating abilitwaods metal
ions [1,2]. Their ability to bind transition metalscluding lanthanide and actinide and represamatlements
make them useful ligands in both inorganic andrgigganic chemistry. This is based on the presehtigeanionic
CS  moiety that has a range of binding modes; mornatienbidentate or bridging, upon complexation [3-5
Dithiocarbamates are flexible ligands that havedhitity to stabilize metal ion in a range of oxida states and
allowing the metal ion to implement its most prafde geometry [6]. Dithiocarbamates have been widel
investigated due to their numerous applicationmadicine [7], materials science [8], environmerapplications
[9] and in the industry [10]. Many researchers regub the act of dithiocarbamates against some tusndungi,
bacteria, and other microorganisms [11, 12]. Is ffaper, we report the preparation, structuralagttarisation and
bacterial activity of new DTC ligand and its magyrolec metal-based complexes.
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MATERIALS AND METHODS

Materials
All reagents were commercially available and usethaut further purification. Solvents were distdlefrom
appropriate drying agents immediately prior to use.

Physical measurements

Elemental analyses (C, H, N and S) for ligand dmair tmetal complexes were carried out on a Heraaisument
(Vario EL) and Euro EA 3000. Melting points weretaibed on a Buchi SMP-20 capillary melting poinpagatus
and are uncorrected. Infrared spectra were obtasdtBr discs using a Shimadzu 8300s FT-IR speletitmmeter

in the range 4000-400 ¢hand as Csl discs in the range 400-200" cEiectronic spectra were measured between
200-1100 nm with 1 M solutions in dimethylsulfoxide (DMSO) spectropim grade solvent at 25 °C using a
Perkin-Elmer spectrophotometer Lambda. Thermogretrim analysis was carried out using an STA PT-1000
Linseis company / Germany. Mass spectra were aidaby positive electrospray mass spectroscopy tgabn
(ESMS). NMR spectra’fd, *C- NMR) were acquired in DMSOgasolutions using a Brucker-300 and a JEOL-
400MHz for '"H-NMR and 75 and 100.61 MHz fdfC-NMR, respectively with tetramethylsilane (TMS) as
internal reference forH NMR. Metals were determined using a Shimadzu JA680 G atomic absorption
spectrophotometer. Conductivity measurements weadenwith DMSO solutions using a Jenway 4071 digital
conductivity meter at room temperature. Magnetiamants were measured with a magnetic susceptilniitgnce
(Sherwood Scientific).

SynthesisPreparation of the bis-amine precursor
The precursor was prepared using a standard metipodted in [13, 14]. The free bis-amine precurgas prepared
by two steps, and as follows:

Preparation of N,N’-(biphenyl-4,4'-diyl)bis(2-chloroacetamide)

Potassium hydroxide (0.78g, 13.24mmol) isgOH20mL) was added with stirring to a mixture ohbiline (1.22g,
6.62mmol) dissolved in CHE(50mL). Chloroacetyl chloride (1.49g, 13.24mmadBswblved in CHG (50mL) was
added dropwise with stirring to the above mixtukéier 15 minutes a white precipitate that formedsvitered off
and then washed with £2 (20mL). The mixture was air-dried and a whiteduct was collected, m.p=205-207 °C.
Yield: 2.1g, (94%) FTIR (cm?), 3296v(-CON-H), 1685v(C=0), 15873(N-H), 1493v.,o:{C=C). The electrospray
(+) mass spectrum of the N,N'-(biphenyl-4,4'-diig)B-chloroacetamide) showed the parent ion peak/at 337.6
(M)* (10%) for GgH14ClLN,O,; requires =337.20 and the following fragments; .246L1%) and 154.4 (80%)
correspond to [M-(NH-CO-CCI)]" and [M-(NH-CO-CHCI)+(NH-CO-CHCI)]*, respectively, Figure (1).

NMR data (ppm)¢u(400 MHz, DMSO-@): 10.351 (2H, s, NH), 7.56-7.64 (8H, m, £4,6.6-H) (Cs 5,7, 7 -H) Ar-
H,4.24(4H, s, CKCI, (C,, 1-H)), Figure (2).6c(100.63MHz,DMSO-¢): 41.57 (®,Cl, 2C), 119.09 and 126.60
(Ar-C4 569, 164.59 (2G=0), Figure (3).

Preparation of bis-amine N,N'-(biphenyl-4,4'-diyl)his(2-(propylamino) acetamide)

An excess of propyl-1-amine (2.97g, 50.29mmol) Wweated up to 40 °C, and thBiN’-(biphenyl-4,4'-diyl)bis(2-
chloroacetamide) (4.24g, 12.57mmol) was added go#tiise with stirring. The mixture was stirred & % for 12
h, and then KD (200mL) was added. The product was extracted @ipCl, (4 x 50 mL), washed with 1D
(200mL) and dried over £0Os. Solvent was removed under reduced pressure dlndvy@il was obtained. Yield:
2.969, (61%). FTIR (cf), 3305v(N-H), 3236v(-CON-H), 3236v(N-H),3045v.on(C-H), 1674v(C=0), 15835(N-
H), 1520v,,,{C=C). The electrospray (+) mass spectrum of teeahiine showed the parent ion peakn&t=383.1
(M+H)* (7%) for G,H3N4O,; requires =382.50 and the following fragmentsné =298.7 (70%), 184.8(8%) and
154.6(7%) corresponding to [M-(GBH,CH=CHCH,CH5)]", [M-(CH3;CH,CH=CHCH,CHs)+(NH,-CH-CO),]" and
[M-(CH3CH,CH=CHCH,CHz)+(NH,-CH-CO)+(NH,NH,)]", respectively.

NMR data (ppm)g,(400 MHz, DMSO-@): 0.99 (6H, t J;1=3Hz, (G a-H), 1.26 (4H, m, (§ g'-H),1.72 (4H, t,
JHH:1.8HZ, (Q; C\'H)), 299,300 (2H, m, 2NH), 6.78 (ZH, S, aml(ﬂ‘l¢,—742 (4H, d,]HH:].ZHZ, (Q4\6 5\'H)),754
(4H, d J4y=6.8Hz, (G s 7 7-H)) (Aromatic-H), Figure (4)dc (100.63 MHz, DMSO-g): 12.11 (G, A), 31.972
(Cg,8), 49.71 (G, ), 54.15 (G, 1), 119.102 (G 4 6.6 ), 130.23 (G 5 ,7,7), 172.52 (C=0, (€2)), Figure (5).
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Figure (1): ES (+) mass spectrum of acetamide prersor
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Figure (2): '"H-NMR spectrum of acetamide precursor in DMSO-¢

Synthesis of free ligand

The free ligand potassium2,2'-(biphenyl-4,4'-dig{azanediyl))bis(1-chloro-2-oxoethane-2,1-diyl)prspy!
carbamodithioate) (Lwas prepared according to standard method usetheinsynthesis of dithiocarbamte
compounds [15] and as follows:

To a solution of bis-amine(N,N'-(biphenyl-4,4'-diyis(2-(propylamine)acetamide (0.30g, 0.816mmoll@nmL of

a mixture of MeCN:HO (9:1), was added an excess of KOH (0.18g, 3.26nveq) dissolved in O (2mL). The
mixture was allowed to stir in an ice bath, anchthesolution of carbon disulfide (0.18g, 2.44mn3o&q) was added
dropwise with stirring. The mixture was allowedstir at 0 °C for 2 h, during that the formationtbé potassium
dithiocarbamate salt was obtained as a light oravjiel, m.p=165-167 °C. Yield: 0.31g, (63.26%).FT(&n"),
3298 v(-CON-H), 3097 v,(C-H), 1674 v(C=0), 1591 3(N-H), 1531 v4on{C=C), 1416v(N-CS;), 1009, 972
vas{CS).. The electrospray (+) mass spectrum of theshbwed the parent ion peaknatz=611.8 (M+HY (3%) for
CoqHagKoN4O,Sy; requires =610.97 and the following fragmentsméz=381.4 (3%), 338.3 (22%), 225.2 (4%) and
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154.1(4%) corresponding to [M-(@8),]*, [M-(CS,K),+(CHs-CH,-CH,)]*, [M-(CS,K),+(CHs-CH,-CH,)+(CHs-
CHy-CH,)+(NH-CO-CHN)]*,  [M-(CS;K),+(CHg-CHy-CH,)+(CHs-CH,-CH,)+(NH-CO-CHN)]*  and  [M-
(CSK) 2+(CH3-CH,-CH,)+(CHs-CH,-CH,)+(NH-CO-CH,N)+(NH-CO-CH-NH)]*. NMR data (ppm)¢(300 MHz,
DMSO-d): 1.54 (6H, t,Ju4=8.1Hz, (G A-H)), 1.68-1.69 (4H, m, (£&-H),), 3.62 (4H, t, (€ c-H)),3.32 (4H,
S,(Cz 2\'H)), 7.76,7.77 (4H, dJHH:2.4 Hz, Q 6\,8, g"H), 8.29, 8.30 (4H, dJHH:]..S Hz, ((::3 5"7’ 7\'H) (Ar'H), 9.86
(2H, s, amidicH), Figure (8) d¢c (75 MHz, DMSO-@): 11.21 (CH, Ca a"), 19.69 (CH, Gg5"), 55.62 (CH, Cc. ¢),
66.34 (CH, (G, 2)), 114.20 (G 5 7,7), 123.56 (G 6 s.8), 167.25 (C=0) (&3), 191.87 (C=S) (€1), Figure (9).
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Figure (3): ®C-NMR spectrum of acetamide precursor in DMSO-¢
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Figure (4): 'H-NMR spectrum of the propyl amine precursor in DMSO-dg
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Figure (5): **C-NMR spectrum of propylamine precursor in DMSO-ds

General method for synthesis of macrocyclic comples

The bimetallic dithiocarbamate-based macrocyclimpie@xes were synthesised according to standard oaieth
reported in [16, 17] using two approaches; (i) fribma reaction of the free ligand with a metal iand (ii) via a one-
pot reaction.

Synthesis of macrocyclic complexes from free ligand

Complexes were prepared from the reaction of ledgit of potassium dithiocarbamate salt, dissolmetOmL of
MeCN/H,0 (9:1) with 1 equivalent of the metal salt; Mi€d', and CU. The solution mixture was allowed to stir
overnight, after that distilled water was addede€essary, to precipitate the product. The redsiéid was filtered
off, washed with methanol to give the macrocyclmmplex. Elemental analysis data, colours and yiédshe
complexes are given in Table (1).

Synthesis of macrocyclic complexes via a one-potaetion

To a solution of the secondary amine in MeCpBHnixture (9:1) was added with stirring an excelsK@H (3eq).
Carbon disulfide (2.8 equivalents) was added tcstitetion, and the mixture was stirred for 10 masuallowing the
formation of the potassium dithiocarbamate sale Tomplex was prepared situ (ligand salt was not isolated) by
the addition of one equivalent of the metal ione Thixture was stirred overnight, water was addegfecipitation

if required, filtered and dried to give the macrday complex. Analytical data are similar to thatnmplexes
obtained from the free ligand approach.

Table (1): Colours, yields, melting points, (C, HN, S) analysis andnolar conductance values for ligand and its bis-ditiocarbamate-
based complexes, (calc) = calculated

Microanalysis; Found (calc) %

. . 0, -1 -1
Comp. | Empirical formula m.p Yield % colour Au(QcmPmol™) V% I H N S
. - 46.84 | 3.95 | 9.99 19.23
L Co4H28KoN4O S, 165-167 63.26 |Ight orange (4718) (462) (917) (2099)
[MN(L)]2 | CagHseNgOsSs M, 305 47.36 | Deep green 12.08 901 | 4857 | 4.23 | 9.68 | 21.17

(9.35) | (49.05)| (4.80) | (9.53) | (21.82)

9.31 47.88 | 4.08 | 9.83 21.57

9.56 48.01 | 4.12 | 9.71 20.77

[Cu(L)]z | CagHseNgOSsCly 270 38.46 | Dark green 6.77 (10.66) | (48.34)| (473) | (0.40)| (21.51)
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Scheme (2): Synthetic route of macrocyclic complegg(1) a one pot approach; (2) from free ligand

RESULTS AND DISCUSSION

Chemistry

The free ligand was prepared from the reactionasban disulfide and secondary amines in the preseh&OH
(see Scheme (1)). Dithiocarbamatemacrocyclic coxaglevere prepared either via a one-pot approadtoor the
reaction of the free ligand with metal, Scheme {2)e dithiocarbamate moieties are separated byatfommides
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spacer. This spacer conferred a degree of rigigityn the formation of ligand, thus play a role mne-prganising it
for self-assembly upon complexation. The complexes air stable that soluble in hot DMSO rather to#mer
organic solvents.

FTIR and NMR spectra

Ligand and its complexes were characterised asregfjby elemental analysis, thermal analysis, FTUR;Vis,
mass spectroscopy, magnetic susceptibility, corhoet, melting points arfti, **C-NMR spectroscopy. The FTIR
spectrum of L shows characteristic band around &298lue tov(N-H) stretching. Band due t§C=0) amide is
detected at 1674 ¢lnBands at 1109 and 972¢mssigned to the.{CS,) andv{(CS,) functional groups (see Table
(2) Figure (6). The FTIR spectra of tdmuclear-macrocyclic complexes gave evidence lier formation of the
dithiocarbamate functions and their coordinationthi® metal ions. Bands at 1421-1444cthat resulted from the
stretching of thec-N-S bonds; C-N single bonds at 1221-1238'¢csuggesting a partial delocalizationmeélectron
density within the dithiocarbamate functions [18)r the C$ groups, band at 1015-1122 ¢rand 960-995 cihare
assigned tor,{CS) andvy(CS,), respectively. This is characteristic of an ahidentate chelation mode of the
ligand to the metal atoms [19, 20]. At lower fregay the complexes exhibited two sets of bandsnar@62-391
cm?, which are assigned to théM-S) vibration mode, and supporting the anisobid&n chelation mode of the
ligand [8]. Figure (7) represents the FTIR speuntaf Mn-complex.

Ak
o994 B
100 - AIU / WlJ 4};0
—~\ 972
TR AT 7]
N/ 898 \ A M\l |10ss [
e \~ | ) l‘HumJ \| 1028 I \ [ ‘
] 2825 | | / \U 115 &7 | || | |
80 L a27bs % l“l 1/ ] 1109 %[i | |
i N \/ I
1 \. /309?" Fad| "Fz“éss ‘! JlJ | J | ‘ ﬁ [
\Wailnl W T
= \ {,/ U 2916 “ |‘ ‘ 1315 | | v«:a
= 60 L cutiid A A | 4 |
2 I I T 07
| 1/ | \
g | : | [ [/
i | oot | |
‘ " Kt -5 /_-/ ‘ i ! U = u?ss
j,_u
14186
| ot M |
o | |
I
aze8 Wt ! U
5%5 I( 1674 1531
0 3
3900 3600 3300 3000 2700 2400 2100 1800 1500 1200 300 800
Wavenumbers / (cm-1)

Figure (6): FTIR spectrum of ligand

Table (2): FTIR spectral data (wave number) critof ligand and its complexes

Comp. | v(N-H) | va(C-H) | vai(C-H) | v(C=0) | 8(N-H) | va(C=C) | ¥(N-CS;) | vas(CS) vs(CS) | va(C-N)
L! 3298 3097 2916-2856| 1674 1591 1531 1416 1109, 972 1240
Mn(L)]. | 3313 3032 | 2964,2862| 1662 1604 1500 1421 1015,960 1238
[CoV)] 333¢ 301¢ 292( 167( 160¢ 149¢ 144¢ 1122 ,99! 122¢
[CuL)]2 333( 300z 288¢ 165¢€ 155( 149z 143: 105¢,972 1221

* y(Mn-S) observed at 376.75 and 362.59cm
v(Cu- S) observed at 385.74 and 378.02cm

The'H NMR spectrum of L showed a peak at 3.32 ppmgassi to (CHC, ,-H). The downfield appearance of
this signal may due to attachment to withdrawingugis (C=0O and N-H). Thg,(N-H) signal for the amide
segment is seen as a singlet at its expectedarserat= 9.86 ppm for L, Figure (8). THEC NMR spectrum of L
shows a number of different carbon nucleuses iremubé indicating the formation of the ligand. Themical shift
of the carbonyl moiety appears as expected dowehéied= 167.25 ppm in L. The formation of the free ligamas
been revealed by detecting signals arowémrd91.87 ppm, which can be attributed to quaternzasbon in
dithiocarbamate moiety C=S in the ligand, Figure (9
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Figure (7): FTIR spectrum of [Mn(L)] . complex
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Figure (8): *H-NMR spectrum of the ligand in DMSO-ds

UV-Vis Spectral data for the complexes and magnetisusceptibility

The UV-Vis spectra of L in DMSO solutions revealeehk at 268 and 328 nm assignedite> © and n—
transitions, respectively [21-23], Figure (10). eTélectronic spectra of the complexes exhibitedouarextents of
bathochromic shift of bands at 269-273 nm relatethé ligand fieldt — n* and n— = transitions in L complexes.
Bands at 344-384 nm related to the charge trarisdesitions (CT) in L complexes [24]. The spectromthe
Mn(I1)-complex showed a peak in the d-d region 32 4m assigned A, — *A; transition, indicating tetrahedral
geometry about Mn(ll) ion [25, 26]. The magnetic ment measurement of [M¢L)], revealsps value of 5.29
B.M. This value is typical for a high spin Mn(Ipr, which assigned to tetrahedral geometries fofllilonomplexes
[25, 27]. The Co(ll) complex displays additionabges in the d-d region at 616 and 679 nm du&rtd — *T,®
and ‘A, ® — *T, ® transitions, respectively. This spectrum is chiamstic for Co(ll)-complexes with tetrahedral
geometry around Co atom [26-28], Figure (11).cOmplex gavpes value of 4.69 B.M, which it is typical for
complexes of tetrahedral geometries, indicatingga spin geometry around Co(ll) ion [27, 29]. Theestrum of
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the Cu(ll)-complex showed a peak in the d-d regior644 nm attributed to d-d transition tyfigg —°B,g,
confirming square planar geometry about Cu atora2@} Figure (12). The magnetic moment value ofB.M for
[Cu"(L)]. complex confirms the square planar geometry araZundl) ion [25, 27]. The molar conductance of the
complexes in DMSO solutions is indicative of theon-electrolytic nature [30, 31], see Table (1)eThV-Vis
bands and magnetic moment measurements of ligangleres with their assignments are tabulated ineTé).
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Figure (11): Electronic spectrum of [Co(L)}L in DMSO solution
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Figure (12): Electronic spectrum of [Cu(L)Lin DMSO solution

Table (3): UV-Vis spectral data of ligand and bisdhiocarbamate-based complexes in DMSO solutions andagnetic moment

Con. Band Wave number | Extinction coefficient gyax .
Comp. miL POSition Anm (e o’ i e Assignment Hett (B.M)
L 1x10° 268 37313 894 Tow, .

1x10° 328 30487 1658 noma
1x10° 269 37174 1441 : . N

Mn(L)] | 1x10° 344 29069 2263 L;tra"L%a”d“ IR BT
1x10° 432 23148 180 1ol
1x10° 273 36630 1073 Intra-ligandn — 7,

[Co(L)], | 1x10° 344 29069 2380 nom*
1x10° 380 26315 1090 CT 4.69
1x10° 616 16233 136 1,0 547,
1x10° 679 14727 185 A0 4T @
1x10° 273 36630 1070 Intra-ligandr — 7,
1x10° 344 29069 2378 n—m*

[Cul2 | 1x70° 384 26041 1150 cT 17
1x10° 644 1552; 23 ’Big— *Bug

35 7: :z K—/r_‘ Mass change -1.54472 mg : 0.2
o [ o

E "F s T [12 g

; 5 F 20 E Mass change -0.973585 mg L o1a g

pu 2.5 g t

s Onset point: 9.0 °C (7 min) L 2o
20 Offset point: 116.6 °C (3 mir) s

5.0 Point of reaction: -10.858 mi at 53.5 °C (7 min)

! Peak maximum: -13.053 myy at 101.1 °C (8 min) Name :FREE PROPY
25 § -5.5 Enthalpy: -50.313/a Weight :5.8 m, P22
Measuerment type:TG DSC DTG

-6.0 Heating rate :10 c/min
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Figure (13): TG/ DTG and DSC thermogram of ligand n a nitrogen atmosphere

Thermal analysis
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Thermal analysis data for the ligand and selectetahrcomplexes are summarised in Table (4). TheDB&
curves of the ligand and its complexes were deterthfrom ambient temperature up to 6G0n the atmosphere of
nitrogen. The analysis of thermal data showeditjantiis stable up to 148 with a weight loss of 26.18%, which
attributed to (CS+COCHNCH,CH;) fragment. The peak detected at 340-505elated to (CKCH,CH,CH,CS)

segment with 16.56% weight loss. This peak accoiepany the endothermic effect in the DSC curveld:.6 C.
Table (4): TGA/DTG/DSC data for ligand and its compexes

Decomp. Nature of DTG
Compound Stable Temp. tr._alnsforma}non Nature of peak
up Stage initial- fragments /intermediate DSC peaDk temp
to C final 'C formed% mass and temp. C c '
found (calc.)
Lt 148 1 148-320 | (CS+COCHNCH,CHy) 1.5447 (1.5475) 93.8 Exo
2 340-595 | (CHsCH,CH,CH,CS) 0.9735 (0.9771) 510.6 Endo
1 108503 | (2CS) 1.0241 (1.0364) 183.4 Endo
[Mn(LY]2 108 2 210-316 | (HNCOCHNCH;CH,CHy) 0.7532 (0.7769) 243.8 Endo
3 220-503 (3diphenyl+2HNCOCKNCH,CH,CH;+HNCCH,NCH,CH,CHs) 5.0470(5.0618) 477.3Endo
1 255 ©cs) 1.3611 (1.4154) 455: Eé‘;’ o 360
[Co(LY]2 255 2 260-360 | (CSNCH,CH,CHs) 1.3057 (1.3284) 497 2 Endo -
3 668-765 | (diphenyl+2HNCOCHN+HNCOCH+HNCOCHNCH,CH,CH;+CS) 5.0205 (5.0535) 529.8 Endo

The final residue of the compound is attributedh® (diphenyl-NH, S, N, 2K and CO) with 54.91% wHsidpss,
Figure (13).Thermal data of Mnf)], (Figure (14)) and [Co(L)](Figure (15)) complexes consists of three steps.
The first step accompanied by exothermic behavamiconfirmed by the DSC at 56 for [Co(L)], complex.
However, [Mn(L)} exhibits an endothermic peak at 183432, 33]. The weight loss and other thermal prige
including lost fragments of the complexes are tatad in Table (4).

Mass change -1.02418 mg

477.3 °C,90 pv/

Mass change -0.753217 mg

Mass change -5.04706 mg [ -15

Name :FREE PROPY MN

Weight : 8 mg

Measuermen it type: TG DSC DTG
Heating rate :10 ¢/min

HDSC (V)
s

b
elfa m[d (mg
Delta m (mg)

183.4 °C,3 pV
243.8 °C,3 v

o 100 200 300 400 500 600
Temperature (°C)

Figure (14): TG/DTG and DSC thermogram of [Mn(L)], complex in nitrogen atmosphere

Biological activity

The synthesised dithiocarbamate ligand and its-almmimplexes were screened for their antimicrobigivity
against four bacterial speci@sscherichia coli, Pseudomonas aerugingGa), Staphylococcus aureus and Bacillus
stubtilis (G+)). The role of DMSO in the biological screeniwgs clarified by separate studies carried out With
solutions of DMSO alone, which showed no activigaimst any bacterial strains [34]. The measuredcezaf
inhibition against the growth of different microargsms are listed in Table (5) that displays thectfof the
synthesised compounds on bacterial strains. T@&blandicated that complexes found are potentiailyre active
against these bacterial strains, compared withfriee ligand, which means complexation increasesnérbbial
activity (except Mn-complex witlB. Sabtilis and S aurewstrains). This may be explained by chelation effact
which the partially sharing of the positive chaajghe metal in complexes by the donor atoms ptesethe ligand

63
Pelagia Research Library




Mohamad J. Al-Jebooriet al Der Chemica Sinica, 2016, 7(2):53-65

and there may be-electron delocalization over the whole chelateg timat increases the lipophilic character of the
metal chelate system. This will favour its permaatihrough lipid layer of the cell membranes [36]. 3

559.8 9C,232 MW/

3 0.08 F o0

220 ¥ o.06 Mass change -1.36118 mg _

210 3 497.2 °C,175 mwW 85

004

200 s Mass change -1.3057 mg F-Lo

10 4

180 § 0-00 2

170 T -0.02 £ oo

16 -0.04

150 § F-2.5

- -0.06 Name :FREE PROPYL CO

140 4 Weight :11 mg t 1

150 1 008 Measuermen t type: TG DSC DTG Mass change -5.02059 mg 4
= = Heating rate :10 c/min
T 120 § 010 X =
Ewlon g .
W e = £
= 90 E Onset point: 39.2 °C (3 min) E s 7@
b 10 5 offset point: 118.8 °C (9 min) ©
] — Point of reaction: -7.567 m\W at45.7 °C (3 min) . Bz A

70 S N Peak maximum:  -11.803 mW at 68.5 °C (5 min) '

60 + -0.20 Enthalpy: -104.74 J/g

[ -5.5

[ -6.0

F-6.5

F-7.0

F-75
T

- -0.34 =Bl

100 200 300 400 500 600
Temperature (°C)

Figure (15): TG/DTG and DSC thermogram of [Co(L)}, complex in nitrogen atmosphere

Table (5): Biological activity of ligand and its bs-dithiocarbamate-based complexes

No. Inhibition zone (mm)

Sample £ ool p. aeruginosa _ B. sabtilis S. aureus
1 L 6 4 6 6
2 [Mn]. 11 10 - -
3 [Co(U). 12 11 11 10
5 [cuL]L 10 10 9 11
CONCLUSION

In this paper, we have explored the synthesis dratacterisation of ligand and its bimetallic ditacbamate
macrocyclic complexes. The macrocyclic complexeseweepared using two approaches; (i) from theti@aof

the free ligand with a metal ion, and (g a one-pot reaction. The mode of bonding and olvetalcture of the
complexes were determined by physico-chemical gedtsoscopic methods. These results indicateddimation

of four-coordinate complexes in the solid state endolution. Biological activities revealed thatneplexes found
to be potentially more active against these baitstiains, compared with the free ligand.
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