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ABSTRACT

Dithiocarbamates as ligands are well known to bind strongly and selec-
tively to many metal ions, so inthe past few years self-assembly directed by
metal—dithiocarbamate coordination have emerged as a useful supramo-
lecular methodology for the preparation of macrocycles, cages, catenanes,
and nanoparticles. Dithiocarbamate (DTC) ligands are known for their anti-
fungal, antibacterial and biocide activity. They form complexeswith transi-
tion metals, leading to the stabilization of awide range of oxidation states.
These complexes have found applications in diverse areas such as materi-
alsscience and medicine. Thein situ generated dithiocarbamate formed by
the reaction of an diamine and aldehyde and carbon disulfide in the pres-
ence of triethylamine. The antibacterial activity of dithiocarbamte tested
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against microorganism.

INTRODUCTION

The continuing discovery of themany pivota roles
played by anionsin chemical, biological and environ-
mental processes has stimulated the construction of
molecular host systems capabl e of complexing anionic
guests¥. Dithiocarbamatesareversdileligandscapable
of forming complexeswith most of theelementsand
ableto stabilisetrangition metasin avariety of oxida
tion stated?. This property of stabilising high oxidation
statesin metal complexesreflects strong o-bonding
characteristic of theseligands. Although the sulfur at-
omsof dithiocarbamate ligands possess o-donor and
n-back-donation characteristics of the same order of
magnitude, theseligands have aspecid featurein that
thereisan additiona n-electron flow from nitrogento
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sulphur via aplanar delocalised n- orbital system, as

shown below:
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Thiseffect resultsin strong e ectron donation and
henceahigh e ectron density onthemeta leadingtoits
next higher oxidation state’®l. However, whiledithio-
carbamate complexes have been known for over acen-
tury, with many thousands having been prepared, the
vast mgjority of these contain only simplealkyl sub-
dtituentssuch asmethyl and ethyl. A developinginterest
in the area of dithiocarbamate chemistry is the
functionalization of the backbone such that new appli-
cationsand interactions can bedevel oped. Thisareais
still initsearly stagesbut already interesting potential
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Schemel: Preparation of thedithiocar bamateligand

applications have been noted i ncluding the functiona
lization of gold nanoparticles, the stepwise build-up of
multimetdlic arrays, the synthesis of dithiocarbamate-
contai ning supramol ecular systemswhich can beused
for anion binding, the development of technetium
radiopharmaceutical §2. Dithiocarbamatesare aclass
of metal-chelating, antioxidant compoundswith vari-
ous gpplicationsin medicinefor thetreatment of bacte-
rial and fungal infections, and possible treatment of
AIDS4,

Dithiocarbamateligand were synthes zed and char-
acterized by using elemental anayses, FT-IR, NMR.
Theantibacterid activitiesof synthesized compounds
were studied against two Gram-negative species, Es-
cherichiacoli, Klebsiella pneumoniae and two Gram-
positive species, Saphylococcusaureus and Bacillus
subtilisand, for in vitro antifungal activity against,
Candida albicans, Aspergillus flavus, Aspergillus
nigar.

EXPERIMENTAL

Materialsand general methods

Thereagentsand sol ventswereof analytical grade.
Aldehyde, amine, carbon disulfidewere purchased from
Merck Company. *H and *C NM R spectraof deuter-
ated chloroform (CDCIl,) and solutions of the com-
pounds were registered on a Bruker WM-300 spec-
trometer (300 MHz) using tetramethylsilane as internal
gtandard. Theinfrared spectracf thecompoundsasKBr-
diskswererecorded intherange of 400-4000 cm with
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aMattson 1000 FT spectrometer. The microdilution
broth method was used to determinethe antibacterial
activity of compoundsagainst thebacteria: S aureus
ATCC 25923, B. subtilis ATCC 1023, and K.
pneumoniae ATCC 10031, E. coli ATCC 8739, C.
albicans ATCC 10231, A. flavus ATCC 9170, A.
nigar ATCC 16404.

Synthesisof dithiocarbamateligand

Thesecondary diamineligands, used asstartingma:
terial for the preparation of thedithiocarbamate, were
obtained in 78% vyield by condensation of
cinnamaldehydewith 1,6-hexamethylenediaminein
methanol followed by reduction of the Schiff basewith
NaBH, in methanol. One-pot synthesisfromthisamine,
carbondisulfide, triethylaminegaveligand dithiocarbam-
ate (Scheme 1). These productsare solublein non po-
lar sol vents such asdichloromethane and chloroform,
but insolublein polar solventssuch asacetone, ethanal,
methanol, dimethyl sulfoxide, acetonitrileand water.

The preparation of theligand required was car-
ried out in two stepsfollowing procedur esreported
intheliterature

(1) N,N-biq[(1Z,2E)-3-phenylprop-2-enylidene]
hexanediamine

1,6-Hexamethylenediamine (3.37 g) and two
equivaentsof cinnama dehyde (7.68 g) weredissolved
inethanol (25mL) and the sol ution wasrefluxed for 2
h. After evaporation of the solvent thediiminewasob-
tainedinform of red oil (yield: 78 %). IR (KBr, cn?)
v(C=N), 1647; v(C-N), 1213; v(C-H), 3075; v(C-H,
out-of-plane), 733, v(out-of-plane ring bend) 690; *H-
NMR (300 MHz, CDCl,, ppm): 6 8.0-8.1 (d, 2H,
CH=N), 7.26-7.59 (m, 10H, C H,), 6.92-6.94 (d, 4H,
C,H.-CH=CH), 3.54-3.50 (q, 2H, C,H,-CH=CH),
1.67-1.72 (br, 8H, NCH,CH,), 1.39-1.42 (m, 4H,
NCH,CH_.CH,); *C-NMR (75 MHz, CDCl,, ppm):
8 27.34, 31.89, 51.79, 112.00, 124.17, 126.32,
129.11, 130.08, 135.54, 164.28.

(2) N,N'bis[(2E)-3-phenylprop-2-enyl] hexa-

nediamine
N,N’-bis[(1Z,2E)-3-phenylprop-2-enylidene]

hexanediamine (7.95 g) wasdissolved in methanol and

the solution was cooled to 0 °C. Sodium borohydride
(3.18 g) wasadded under stirring and the mixturewas
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TABLE 1: Invitroantifungal sudiesof thecomplexes
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TABLE 2: Invitroantibacterial studiesof thecomplexes

Candida Aspergillus Aspergillus
albicans flavus niger
No. Sample MDA MDA MDA
(ng/mi) (ng/ml) (ng/ml)
1 Dithiocarbamate(1) 70 65 122

alowedtoreact over night. After remova of thesolvent
under vacuum, theresulting viscousliquid waswashed
with water and dichloromethanewasaddedin order to
extract the product. The organic layer wasdried over
anhydrous Na,SO,. After filtration the solvent was
evaporated to obtain aorangeoil that wasidentified as
the product (yield: 81%). IR (KBr, cmt) v(N-H) 3297;
v(C=C) 1652; v(C-N), 1210, 1069; v(C-H, out-of-
plane), 742; v(out-of-plane ring bend) 693; *H-NMR
(300 MHz, CDCI,,, ppm): § 6.25-7.33 (m, 10H, CH)),
5.40-5.42 (m, 2H, CH.-CH=CH), 4.30-4.32 (m, 2H,
C,H.-CH=CH), 3.63-3.67 (g, 4H, CH-N), 2. 28 (br,
2H, CH,-NH), 1.53 (br, 8H, NCH,CH,), 1.21-1.26
(m, 4H,NCH,CH,CH,); *C-NMR (75MHz, CDCI,,
ppm): 6 27.36, 32.14, 50.39, 110.54, 126.38, 126.77,
128.08, 134.99, 135.94, 160.72.

Dithiocar bamateligand (1)

N,N'-big[(2E)-3-phenylprop-2-enyl] hexanedi-
amine(2.99), triethylamine (0.5 mL) and carbon disul-
fide (1.25 g) weredissolved in methanol (10mL) and
girredfor 2 h. Theresulting solution yellow was purifi-
cationwith (1:1) n-hexane/ethyl acetate. (yie d: 67 %),
IR (KBr, cm™) v(C-N), 1477; v(CS,) , 1249; v(CS,),
988; v(C-N), 1122; v(C-H, out-of-plane), 750; v(out-
of-planering bend) 696; *H-NMR (300 MHz, CDCI,,,
ppM): 6 6.25-7.33 (m, 10H, C H,), 5.21-5.19(m, 2H,
C,H.-CH=CH), 4.33-4.30 (m, 2H, C,H.-CH=CH),
3.52-3.50 (g, 4H, CH,-N), 2.00 (br, 2H, CH_-NH),
1.21 (br, 84, NCH,CH,), 1.28-1.21 (m, 4H,
NCH,CH,CH,); *C-NMR (75 MHz, CDCI., ppm)
026.31,31.89,55.46,58.19, 123.28, 126.10, 127.00,
127.79, 132.18. 213.17 .Anal. Calcd (%) for
C,.H,, NS, (498.13 gmol™): C, 62.60; H, 6.10; N,
5.60; S, 25.66. Found: C, 62.63; H, 6.07; N, 5.62, S
25.67 %.

Invitroantifungal activity

The compound has been screened in vitro against
Candida albicans, Aspergillus flavus and Aspergil-
lusniger. Among severd methods® available, theone

Zone of inhibitation (mm)

No.  Sample  “Eqherichia Klebsella Staphylococcus Bacillus
coli pneumoniae aureus subtilis
1 Dithiocarbamate
(1) 8 8 9 10

method!®” that iscommon in usein recent timeshas
been adopted.

Micraobroth dilution assay

Thesusceptibility of thefungi to variousfractionsof
compound was assayed by microbroth dilution method.
Sabouraud dextrose medium was dissolved in glass
double distilled water and autoclaved at 10 psi for
15 min. A volume of 90 pL of medium was added to
thewellsof cell culture plates(Nunc Nunclon). The
different concentrationsintherange of 50-400 pug/mL
of variousfractionswere prepared in duplicate wells
andthenthewd Iswereincubated with 10 pL. of conidial
suspension containing 1 x 10* conidia. Theplateswere
incubated at 37°C and examined macroscopically after
48 h for the growth of Aspergillusmycdlia. All experi-
mentswere carried out in duplicateand theresultswere
confirmed inthreeindependent experiments.

Invitroantibacterial activity

Thecompoundshavebeen screened invitro against
Escherichiacoli, Klebsiella pneumoniae and Saphy-
lococcus aureus, Bacillus subtilis Various methods
areavailablefor theeva uation of theantibacteria ac-
tivity of different typesof drugs. However, the most
widely used method®*¥ cons stsin determining thean-
tibacterial activity of the dithiocarbamateligandisto
add it in known concentrationsto the cultures of the
test organisms.

Discdiffusion assay

Method of paper disc diffusion 0.05 mol/L aque-
ous solution of dithiocarbamatewas prepared, and the
antibacteria activity of thedithiocarbamateagainst Es-
cherichia coli, Klebsiella pneumoniae and Saphy-
lococcus aureus and Bacillussubtiliswasstudied. The
bacterium suspensi on concentration was controlled as
5x10°-5x10° cfu/ml; thediametersof filter paper were
5 mm, and for the experiments, flat plateswereincu-
bated at 37°C (bacterium) for 1618 h. Their inhibition
diameter (includingfilter paper) wasmeasured with a
vernier cdiper.
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RESULTSAND DISCUSSIONS

Spectroscopic char acterization

ThelR spectraof 1 gaveevidencefor theforma-
tion of the dithiocarbamate functions. Thebandsresult-
ing from the stretching vibrations of the C-N bonds at
1477 cm® have wavenumbersthat are intermediate
when compared to thosereported for C-N singlebonds
(1250-1360 cm™) and C=N double bonds (1640-1690
cm't), suggesting partial double bond character and,
therefore, partial delocalization of -l ectron density
within the dithiocarbamate functions. For the CS-
groupstwo bandswereobserved, v(CS,), . and v(CS,),
(1249, 988 cm* for 1). A comparison of the*H-NMR
spectrabetween the N,No-big[ (2E)-3-phenyl prop-2-
enyl]hexanediamineand theresulting products showed
significant shift displacementsto lower fieldsfor the
NCH_benzyl and NCH chain methylenehydrogen at-
oms(1: 6= 1. 21 and 1.53 ppm), thus indicating the
formation of thedithiocarbamate. The NCS, carbon
atomsgavesignalsat 6 =203.17 ppm, respectively.
Interestingly, in the *H-NMR spectradl methylene hy-
drogen atomsgaveriseto broad sgnds, indicating that
the compoundsareinvolved in at |east one dynamic
process.

Invitroantifungal study

In the current study (TABLE 1) of some synthe-
S zed dithicarbamate ligand weretested against patho-
genicfungd strainssuch as Candida albicans, Aspergil-
lusflavus and Aspergillus niger. Ketoconazole was
used asreferencedrug for fungi. Theminimum inhibi-
tory concentration (MICs) by microbroth dilution as-
says(MDA) is80-230 pg/mL. The ligand had highest
invitro antifungal activity against pathogenic fungal
strains. Thereason for the highest activity might bere-
lated to the presence of thio groupin thedithiocarbam-
ate.

Invitroantibacterial study

Intheantibacteria study (TABLE 2) of somesyn-
thesi zed dithicarbamate ligand wastested against patho-
genic bacteria strainssuch asEscherichia coli, Kleb-
siella pneumoniae and Saphylococcus aureus and
Bacillus subtilis using the disc diffusion method.
Gentamycin wasused asreference drug for bacteria

Ingenerd, thecompounds showed s gnificant antibac-
terial activity and thebacterid strainswiththe zone of
inhibition, 10 mm at minimum inhibitory concentration
(MIC) of 30.0 pg/disc.
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