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Abstract : Thepreparation of dinuclear transition
metal (11) dithiocarbamate-based macrocyclic and their
characterisation are described. Themacrocydicdithio-
carbamate complexeswere synthesi sed viaaone pot
reaction using; bis-secondary amine, CS,, KOH and
metal (11) chloride. The mode of bonding and over all
geometriesof thebinuclear complexesweredetermined
by IR, UV-Vis. NMR, mass spectral, magnetic mo-
ment, elemental analysis(C. H. N. S), metal content

INTRODUCTION

Dithiocarbamate (dtc) speciesrepresentsan inter-
esting branchinthesyntheticinorganic chemistry. This
isdueto thefact that dtcscan bind tothetransitionand
representative metd ions. Theimportant roleof thedtcs
isrdaedtotheir ability totabilizemeta ioninavariety
of oxidation gates, and adlowing the metd ionto adopt
its preferable geometry!™. Based on these facts, the
chemistry of dtcs has been devel oped to givean un-
usua molecular architecture capable of encapsulating

and molar conductance. Thesestudiesreved edthefor-
mation of binuclear macrocyclic complexesof thegen-
erd formula[M(L)], withtetrahedral geometriesfor Fe',
Ca'", Zn" and Cd", and square planer geometrieswith
Ni'" and Cu' complexes. © Global Scientificlnc.

K eywor ds: Bisdithiocarbamates; Transition metal
complexes, One-pot reaction; Structura study.

guest mol eculesin asel ective manner. Dithiocarbam-
atesareversatileligandswhich have been extensively
investigated with regard to their numerous gpplications
indifferent areas such asmedicing?, and material ssci-
enced, andinindustrial applicationg. Many works
have described not only the preparation and
characterisation of related complexes, but also their
action against arangeof tumours®, fungi, bacteria, and
other microorganisms®. Inthispaper, wereport herea
one-pot templ ate preparation of new dimeric assem-
bliesof dithiocarbamate-based complexes.
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EXPERIMENTAL

Materials

All reegentswerecommercidly availableand used
without further purification. Solventsweredidtilled from
appropriatedrying agentsimmediately prior to use.

Physical measurements

Elemental analyses(C, H, N and S) were carried
out onaHeraeusingrument (Vario EL). Mdting points
were obtained on aBuchi SMP-20 capillary melting
point apparatusand are uncorrected. IR spectrawere
recorded asATR uses asmart diamond ATR attach-
ment onaThermo - Nicolet FT-IR Spectrometer (AVA-
TAR 320) intherange4000-500 cm?, and as Csl discs
using aShimadzu 8300 FTIR spectrophotometer inthe
range 600-300 cn2. Electronic spectrawere measured
between 245-1000 nmwith 10 M solutionsin dimeth-
ylsulfoxide (DM SO) spectroscopic grade solvent at 25
°C using a Perkin-Elmer spectrophotometer Lambda.
M ass spectrawere obtained by positive Electrospray
mass spectroscopy technique (ESMS). NMR spectra
(*H, BC, DEPT, *H-'H COSY, C- *H HMQC NMR)
were acquired in DM SO-d6 solutions using a Jeol
Lambda400 MHz spectrometer with tetramethylsilane
(TMS) for *H NMR. Metalsweredetermined using a
Shimadzu (A.A) 680 G atomic absorption spectropho-
tometer. Conductivity measurementswere madewith
DM SO solutionsusing aJenway 4071 digital conduc-
tivity meter and room temperature magnetic moments
were measured with amagnetic susceptibility balance
(Johnson Matthey Catalytic System Division).

SYNTHES S

Prepar ation of thebis-amine precursor

Thefreebis-amine precursor namely N, N -(1,4-
phenylene)big(2-(butylamino) acetamide) was prepared
by two stepsand asfollows:

(a) Preparation of N, N’~(1,4-phenylene)bis(2-
chloroacetamide)

To amixture of 1,4-phenyldiamine (0.54 g, 5.0
mmol) in CHCI, (25 mL) was added asol ution of KOH
(0.59g,10.0mmol) inH,O (10mL). Chloroacetyl chlo-
ride(1.13g, 10.0mmol) dissolvedin CHCI, (25mL)
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was added dropwisewith stirring tothe mixture. After
15 minutesthe solid wasfiltered off, and then washed
with Et,0 (10 mL). Dryingin vacuo gaveapink solid.
Yidd=1.28¢,(98.1%). IR (ATR cm?): 3258 v(-CON-
H), 3093 v, (C-H), 2857 v, (C-H), 1661 v(C=0), 1620
d(N-H), 1590 v_(C=C). NMR data (ppm), J,, (400
MHz, DMSO-d,): 8.67 (br, 2H, NH), 7.52 (d of d,
J,=6Hz J, =3Hz 2H,ArH), 732 (dof d, J =

" “HH ' UHHT
6Hz, J,, = 3Hz, 2H, ArH), 4.24 (s, 4H, CH,Cl).

(b) Prepar ation of secondary bis-amineN, N’-(1,4-
phenylene)bis(2-(butylamino) acetamide)

An excess of butylamine (20 mL, 14.80 g, 20.23
mmol) was heated up to 40 °C, and then 2-chloro-N-
[4-(2-chloro-acetylamino)-phenyl]-acetamide (4.24 g,
12.68 mmol) wasadded portion-wisewith irring. The
mixture was stirred at 40 °C for 12 h. H,O (200 mL)
was added and the product extracted into CH,CI,, (4 x
50mL ), and then washed againwith H,O (200mL) be-
foredrying over K, CO,. Filtration followed by solvent
removal and heating at 40 °C in a vacuum gaveyelow
oil. Yied: (2.159, 96 %)". IR (ATR cm't): 3348 v(N-
H), 3263 v(-CON-H), 3030 v, (C-H), 2925 and 2857
v, (C-H), 1665v(C=0), 1620 3(N-H), 1520 v_(C=C).
NMR data(ppm), 4, (400MHz, CDCl): 0.91(t,J,, =
7.33Hz,6H),1.33(qof t, J, = 7.33Hz, 4H), 1.42 (t of
t,J,,,=7.33Hz,4H), 1.60(s, 2H) 2.65(t, J = 7.34Hz,
4H),3.36(t, J,,,= 15.28Hz,4H), 7.24(d, J, ,=15.28Hz,
4H) 9.33 (s, 1H); 6. (100.63 MHz, CDCl,): 14.02,
20.38, 32.33, 50.12, 53.07, 120.01, 133.98.
General onepot synthesis of the complexes

Toamixtureof MeCN/H,O (9:1v/v) solution (10
mL) of the bis-secondary amine N,N’-(1,4-
phenylene)bi(2-(butylamino) acetamide) (1 mmol) and
3.3equivaentsof KOH, wasaddedin smdll portionsa
mixtureof CS, (5.5mmoal) inamixtureof MeCN/H,O
(5mL). Thegenerated yellow solutionwasallowed to
stir for 15minat 0°C, and then asolution of metal salt
(1.25mmol) in2mL of MeCN/H,O (9:1), was added
dropwise. Thereaction mixturewasdlowed to stir un-
der Argon at room temperaturefor 18 h, resultinginthe
formation of asolid masswhichwasfiltered, collected
and washed with acopiousof methanol. Thesolidwas
thendried under vacuum. Elementd andysisdata, colours,
andyiddsforthecomplexesaregivenin (TABLE 1).

NMR data (ppm): [Zn(L)].; the'H and **C spec-
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traof thecomplex; J,, (400 MHz, DMSO-d,): 0.84 (t,
J.,=7.33Hz, 6H), 1.25 (m, 4H), 1.63 (m, 4H), 3.75
(t,4H), 4.58 (t, J, =7.34Hz, 4H), 7.72 and 7.50 (d,
J.,;=15.28Hz, 4H) to each one, 9.95 (s, 2H): J_
(100.63 MHz, DMSO-d,): 13.66, 14.18, 19.38,
19.58, 28.20, 119.42, 164.75, 205.55.

RESULTSAND DESICCATION

Chemigtry

Dithiocarbamate macrocyclic complexeswerepre-
pared from the bis-secondery amine, N, N’-(1,4-
phenylene)bi S(2-(butylamino) acetamide), separated by
aromatic amidesspacer. Thisspacer conferred adegree
of rigidity upontheformationof ligand, thusplay arolein
pre-organisingit for self-assembly. Attemptstoisolate
thefreeligand wereunsuccessful. Therefore, aonepot
gpproach wasimplemented to obtain metal complexes.
Inthisapproach, theresulting bis-secondary aminewas
reacted with abase, carbon disul phide and metal(I1)
chloridesdt toyield the bis-metalic macrocyclic com-
plexes. Inthesetemplatereactionsthemeta centresplay
akeyroleintheass sted self-assembliesforming bime-
talic dithiocarbamate macrocyclic complexes. Thebis-
amine precursor N, N’-(1,4-phenylene)bis(2-
(butylamino) acetamide) (Scheme 1) wassynthesisedin
amost quantitetiveyiddviatwo steps; (i) preparation of
theN, N’-(1,4-phenylene)bis(2-chloroacetamide), which
based on the deha ogi nati on reaction using two equiva:

lents of chloroacetyl chlorideand oneequivaent of p-
phenylenediaminein chloroform solvent to givetheakyl
chloridegartingmaterid. n-Butylaminewasreacted with
akyl chlorideto givethe secondary amine, N, N’-(1,4-
phenylene)bis(2-(butylamino) acetamide).

The compoundswere characterised by elemental
anadysis, IR, *H and *C NMR spectra. The IR spec-
trum for the bis-amine shows characteristic bandsdue
tothev(N-H), v(C=0) amide and v(C=C) functional
groups (see Experimentd section). TheH NMR spec-
trum showsacharacterigtic pesk at 6= 1.60 ppm, which
attributed to (N, -H) protons. Resonancesat 6=2.65
and 3.36 ppm assigned to (C, ,-H) and (C,/-H), re-
spectively. These signals are appeared as expected
downfield, duetotheir attachment to thewithdrawing
groups (C=0 and N-H). The (N, -H) signal for the
amide segment is detected as expected, assinglet, at
resonance 6= 9.33 ppm. The ¥*C-NMR shows the
chemica shift for the C=0 of theamidemoiety gppears
asexpected at 5= 170.04 ppm, assigned to (C, ).

Metal-directed self-assembly of the desired
dinuclear macrocyclic complexes [M(L)], (where
M=F¢', Ca", Ni", Cu", Zn" and Cd") was performed
viatheinitia reaction of thebis-aminewith potassum
hydroxide and carbon disulphidein MeCN/H,O me-
dium (thiswasto generate the potass um bis-dithiocar-
bamate salt that was not usually isolated), Scheme 1.
Thecomplexesareair stable solid, completely soluble
in DM SO. Thenew dinuclear macrocyclic complexes
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Scheme1: Synthesisrouteof complexes[M (L)], whereM=Fe'', Co",Ni"', Cu", Zn" and Cd"



ChemXpress 4(3), 2014

265

ORIGINAL ARTICLE

werecharacterised by dementa analysis, IR, ESMS,
€l ectronic spectraand *H and *C NMR spectroscopy.
Where necessary, full assignments of peaksinthe'H
and C NMR spectrawere made using two-dimen-
sional *H-'H COSY and **C- *H HMQC NMR. All
attemptstoisolaecrystdssuitablefor X-ray snglecrys-
ta diffraction andysswereunsuccessful. Theanaytica
data(TABLE 1) agreewd | with the suggested formu-
lae. Themolar conductance of thecomplexesinDM SO
solutionsisindicativeof their non-electrolytic nature”.

FTIR and mass spectra for complexes

Theimportant infrared bands of complexeswith
their assignmentsare collected in TABLE 2. The IR
spectraof thedinuclear macrocyclic gaveevidencefor
theformation of thedithiocarbamatefunctionsandtheir
coordination to the metal ions. Bands at 1494-1463
cmrt, which resulted from the stretching vibrations of
the C-N-S bonds, have awave umber that are inter-
mediate when compared to those reported for C-N
snglebondsat 1250-1350 cm and C=N doublebonds
at 1630-1690 cm?, suggesting apartial delocalization
of n-electron density within the dithiocarbamate func-
tiong®. For the CS, groupstwo bandswere observed;
v(CS,) asymmetric at 1112-1110 and 1034-1005 cm™*
and one band for the symmetric v(CS,) around 1005-
969 cm™. Thisischaracteristic for an anisobidentate
chelation modeof theligand to the metal atomg®%, At
lower frequency the complexes exhibited two sets of
bands around 345 and 391cn?, which areassigned to

the v(M-S) vibration mode, and supporting the
anisobidentate chelation mode of theligand®.
Theelectrospray (+) mass spectrum of Ni''-com-
plex gaveion peak at m/z=1084.5 (4 %), which as-
signed for the parent ion peak (M)*=(C, H.N,
Ni,O,S,)*. The spectrum displays the observed and
theoretical isotopedistribution pattern of the molecular
ion peaks for the complex. Peaks detected at 988.2
(4%) and 666.7 (35%) assigned to [M-(Ni.)]*and [M-
{(Ni,)+(CH,),(CH,),(CO),N,CS }]*, respectively.

UV-Visspectral datafor the complexes, and mag-
netic susceptibility

Theelectronic spectraof theFe', Co", Ni'', Cu",
Zn'" and Cd" complexes exhibited various extents of
bathochromic shift of bandsrelated totheligand field ©
— 1 andn— 7" transitions (TABLE 2). Bandsinthe
rangeof 321-437 nmrelated to the charge transfer tran-
sition (CT)+23, The magnetic moment value of the
Fe(I) complex, aswell astheother andytical data, are
in agreement with tetrahedral structures?. The Fe(1l)
complex in DM SO solutionsindicating further coordi-
nation to solvent molecules. The Fe-complex in DMSO
displays additional bandsinthed-dregionat 491 and
663 nm, dueto °A_g—T,g and °T,g—°Eg, character-
istic for distorted octahedral Fe(ll) complexes®®.
The Co-complex displays additional bands in the d-d
region at 460 and 636 nm, related to ‘A, ® — 4T O
and ‘A, — 4T ®, characteristic for tetrahedral ge-
ometry around Co atom!*¥, The magnetic moment of

TABLE 1: Colours,yields, melting points, (C, H, N, S) analysis, and molar conductance valuescomplexes

Metal ion M.P.°C

Found (Calca%)

Colour Yield (%)

Au(@*tecm?mal™)

M% C H N S

Fe' Red 293-295 46.72 995 4441 529 1042 23.70 22.4
(10.33) (44.44) (5.22) (10.36) (23.73)

Co" Darkred  308* 56.89 10.77 4426 522 1023 2365 23.9
(10.84) (44.18) (5.19) (10.31) (23.59)

Ni" Green 330* 44.82 1069 4411 516 1027 2357 20.7
(10.80) (44.20) (5.19) (10.31) (23.60)

cu" Orange 328* 52.39 11.66 4374 518 1019 2348 11.8
(11.59) (43.81) (5.15) (10.22) (23.39)

zn" White 192-294 54.24 11.94 4371 518 1022 2323 6.8
(11.89) (43.66) (5.13) (10.18) (23.31)

cd" White 223-225 59.38 1870 4021 480 945 21.46 10.1
(18.83) (40.23) (4.73) (9.38) (21.48)

*= Decomposed
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thiscomplex istypical for tetrahedral structure*”. The
Ni(I1) and Cu(ll) complexesin DM SO solutionsindi-
cated further coordination to solvent molecules. The
spectra of the Ni(ll) and Cu(ll) complexes display
bandsinthed-dregion, whicharecharacteristic of dis-
torted octahedral complexes*®. Themagnetic moment
vaueof theNi(Il) and Cu(ll) complexes, aswell asthe
other analytical data, arein agreement with their square
planar structures®*'17, The el ectronic spectraof the
[Zn(L)],and [Cd(L)],complexes exhibited bands re-
latedtoligandfidd and L — M chargetransfer®. These
complexes are diamagnetic as expected (d'° system)

and normally prefer tetrahedra coordination.
H-, ¥C-, and DEPT-NMR

The'H NMR spectrumfor [Zn(L)], displayschemi-
ca shift at 6= 0.84 ppm (6H, t, J, ,=7.33 Hz) assigned
to (C,,-H). Thesigna at 5= 1.25 ppm (4H, m) and
6=1.63 ppm (4H, m) assignedto (C, ,-H) and (C, ,*-
H) protons, respectively. Thechemica shift at 6=3.75
ppm (4H, t) attributed to (C, ,-H). The spectrum dis-
playschemical shift at 6=4.58 ppm (4H, t,J,, =7.34
Hz) assigned to (C; -H) protons. Thesesignalsare
shifted to downfield compared with that detectedinthe

TABLE 2: FTIR spectral data (wavenumber) cmtof bisdithiocar bamate-based complexes

Comp. v(N-H) va(C-H) vg(C-H) w(C=0) 8 (N-H) v4(C=C) v(N-CS;) & (CHy vas(CS,)
[Fe(L)].* 3297 3023 2957,2870 1670 1609 1550,1514 1484 1428 1111, 1005 and 969
[Co(L)]. 3284 3024 2925 1670 1609 1559 1513 1477 1408 1112, 1034 and 1005
[Ni(L)]. 3290 3028 2956,2868 1671 1610 1510 1494 1433 1112, 1010 and 970
[Cu(L)]., 3273 3028 2956,2889 1669 1609 1513 1484 1429 1111, 1009 and 969
[Zn(L)], 3263 3030 2952,2870 1665 1610 1520 1463 1403 1110, 1021 and 970
[Cd(L)]., 3281 3030 2956, 2870 1674 1610 1514 1484 1406 1112, 1005 and 970

*= y(Fe-S), 378 and 364 cm*

TABLE 3: UV-Visspectral data of bisdithiocar bamate-based complexesin DM SO solutionsand magnetic moment

Comp. Concen. Band Position Wave nL_Jlmber Extincti03n coefflficiefrl]t Assignment Ret (B.M)
mol/L Aom (cm™) Emax (dM® mol ™ cm™) per atom
[Fe(L)].  1x10° 266 37594 10000 Intra-ligand . — m* 3.45
1x10° 374 26738 30000 CT
1x10° 491 20367 10000 *A,g >Tog
1x10° 663 15083 40000 °T.g ->°Eg
[Co(L)]. 1x10° 272 37593 69000 Intra-ligand t — m* 3.9
1x10° 321 16447 20000 CT
1x10° 460 21739 5000 “AgP 5*T,gP
1x10* 638 14903 700 *AgP 5*T1g®P
[Ni(L)],  1x10° 262 38168 90000 Intraligand = — n*, Diamagnetic
1x10° 326 30675 20000 n— m*
1x10° 368 27174 10000 CT
1x10° 477 20964 8000 'AgP - ?B,g®
1x10* 631 15848 200 A9 - TAgP
[Cu(L)]. 1x10° 271 36900 150000 Intra-ligand 7t — m* 1.6
1x10° 437 22883 50000 CT
1x10"* 674 14837 200 ’B,g —>°Asg
[Zn(L)]:  1x10° 267 37878 170000 Intraligand n —» n*  Diamagnetic
1x10°® 450 22222 50 CT
[Cd(L)], 1x10* 268 37313 off-scale Intra-ligandn — n*,  Diamagnetic
1x10* 271 36630 off-scale n— m*
1x10™* 280 35714 off-scale CT
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secondary amine (see Experimental section). Thismay
be dueto the redistribution of the negative charge of
the dithi ocarbamate moiety, upon complexation, tothe
carbonyl groupresuiltinginthedeshielding of the (-CH,)
group (C, ,-H). Alsothey are shifted down filed be-
causeof their attachment between two drawing groups
(C=0 and N-H). The N-H signal f the amide group
appeared at 6= 9.95 ppm. This peak is shifted
downfield, comparedto that detected inthebis-amine.
Thismay dueto its attachment to the electron with-
drawing groups (carboxylic group and aromatic ring).

The *C NMR spectrum of [Zn(L)],,, shows the
chemica shift of theamidemoiety, (C, ), asexpected
downfield at &= 164.75 ppm. The Spectrum gaveone
peak at chemical shift 205.55 ppm assigned to CS,
moiety, indicatingthe CS, carbonsareequivaent. The
downfield appearance of the carbon of CS, isdueto
thedleviation of excesseectron density, whichresults
inadrift of electron density towardsthe metal centre
through thethioureide bond from the nitrogen atom,
and supporting the bi dentate coordination fashion of
the dithiocarbamateto metal centres*®.

DEPT “C NMR spectrumfor [Zn(L)],,, showsim-
portant signalsat 6= 14.18, 19.38, 19.57 and 28.20
ppmassignedto (C, ,), (C, ;). (C, ;) and (C; ), re-
spectively. These peskswere enhanced inthe negative
direction (down), and therefore assigned to (-CH.)
group. The other signals between 6= 117.80-119.43
ppm, assignedto (C, ' ,, ). Thesesignalsenhanced
inthepositivedirection (up), and thereforeassigned to
(-CH). Nosgndsaround 140.0-220 ppm may assigned
to (C, ) and (C, ) are detected. These signals are
related to aquaternary carbon whichisnot shownin

the spectrum.

CONCLUSION

The synthesisand characterisation of somebime-
tallic dithiocarbamate macrocyclic complexesarede-
scried. Attemptsto isolatethefreeligand from there-
action mixturewereunsuccessful. Therefore, aone-pot
reaction gpproach using the bis-amine-compound, CS,,
KOH and metal chloride, was used to isolatethere-
quired bimetallic dithiocarbamate macrocyclic com-
plexes. Themode of bonding and overall structure of
the complexeswere determined by physico-chemical
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and spectroscopic methods. Theseresultsrevealed the
preparation of four coordinate complexes.
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