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Complexes of the type [M (Et,DTC),]> [M= Zn(1) or Hg(2)] were

prepared from the reaction of mercury acetate or zinc acetate with
sodium diethyldithiocarbamate trihydrate (NaEt,DTC.3H,0) in (1:2)
molar ratio (metal: ligand) in mixture of MeOH and H,O as a solvent.
Treatment equal molar of (1) or (2) with diphosphine ligands {where
diphos:  bis  (diphenylphosphino)  methane  (dppm), 1,2-bis
(diphenylphosphino) ethane (dppe) and 1,3-Bis (diphenylphosphino)
propane (dppp)} afforded complexes of the type [Zn(Et,DTC),(dppeO)]
(3);  [Zn(Et.DTC)y(dpppS)]  (4a);  [Zn(Et,DTC).(dppp)]  (4b);
[HY(Et,DTC),(dppm)] (6a); [HY(Et.DTC),(u-dppm)]2(6b);
[Hg(Et,DTC),(dppe)](7) and [Hg(Et,DTC),(dppp)](8), or with two
moles of triphenylphosphine (PPh;) afforded a complexes of the type
[M(*-Et,DTC),(PPhs),] (5a, 9a) and [M(k*Et,DTC),(PPhs),] (5b, 9b)
{M= Zn, Hg}. The prepared complexes were fully characterized by
different technics such as IR, NMR (*H and *!P) spectroscopy, elemental
analysis, and molar conductivity. Characterization data showed that the
(Et,DTC) ligand in all of the prepared complexes was coordinated with
metal through the sulfur atoms of CSS™ group. The geometry of the
complexes (1-9) were tetrahedral around the Zn(ll) and Hg(ll) ions,
except isomers 5b and 9b are octahedral geometry. .

Zn(1),

1. Introduction

Diethyldithiocarbamate ~ is ~ known as a 2. Experimental

{diethyldithiocarbamic acid, or diethyldithione, 2.1 Materials and Methods:

(Et,DTC)}. Dithiocarbamate chemistry has been All chemical compounds and solvents
attracted more attention because both DTCs (Zn(OAC),.xH-0, Hg(OAC),.xH,0, sodium

derivatives and their complexes are very important in
the biological field [1,2], industrial [3,4] and
inorganic analysis [5, 6]. Moreover; diverse functions
of dithiocarbamates were used as antidotes against
metal poisoning in cisplatin or carboplatin toxicity
[7]1. (E,DTC) ligand can be showed bridge
coordination fashion to metal ions and acts as the
ability to bonding as a bidentate fashion through
sulfur atoms [8,9]. Complexes of
diethyldithiocarbamate or their derivatives with metal
ions such as Tc(Il), Pt(11), Hg(ll), Cd(ll), and other
ions have been recently been synthesized and
characterized [10-13]. Herein, we describe the
preparation of mixed ligand Zn (Il) and Hg (1)
diethyldithiocarbamate (Et,DTC) complexes with
phosphine. ~ The  prepared complexes  were
characterized by spectroscopic and physical methods.

59

diethyldithiocarbamate trihydrate (NaEt,DTC.3H,0),
phosphines, chloroform (CHCI;) and methanol
(MeQOH)) were supplied and used without further
purification. IR spectra were recorded on Shimadzu
8400 S FTIR spectrophotometer as KBr disc in 4000-
400 cm™ range. NMR spectra (*H-{*'P} and *'P-
{*H}) were recorded on Bruker av 400 NMR
spectrometer in DMSO-d®, except the (**P-{*H}) for
Zn (1) complexes which were recorded on Bruker av
300 NMR spectrometer in DMSO-d°. Melting points
were recorded on SMP40 - Stuart company. The
conductivity of the prepared complexes solution (10
*M) in DMSO were measured on digital conductivity
meter 730.

2.2. Preparation of [Hg(Et,DTC),]. (2)

A methanolic solution of NaEt,DTC.3H,0 (1.000g;
4.4383mmole) in (15ml) was added to an aqueous
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solution of Hg(OAc),.xH,0 (0.7072g; 2.2192mmole)
in (10ml) in (2:1) (ligand: metal) molar ratio with
stirring. The mixture was stirred at room temperature
for two hours. The green precipitate formed and then
the product was filtered off and dried under vacuum
(Yield: 1.030g; 94%; m.p:141 °C).

Complex [Zn(Et,DTC),], (1) was prepared and
isolated in a similar method. (colour : white; Yield:
0.763g ;95% ;m.p: 182 °C).

2.2.2 Preparation of [Hg(Et,DTC),(dppm)] (6)

A solution of bis (diphenylphosphino) methane
(dppm) (0.1144g; 0.4023mmole) in CHCI; (10ml)
was added to a solution of [Hg(u-Et,DTC),],
(0.2001g; 0.4025 mmole) in CHCI; (10ml) with
stirring. The mixture was stirred for 24 hours at room
temperature. The creamy solution was filtered off and
then filtrated was left aside at room temperature until
the solvent evaporate. The gummy product was
washed with diethyl ether and n-hexane several times.
The yellow precipitate was collected and dried under
vacuum. (Yield: 0.2128g; 60%: m.p: 86°C).

TJPS

The following complexes [Zn(Et,DTC),(dppeO)] (3),
[Zn(Et.DTC)(dppp)] (4), [HY(EL,DTC),(dppm)] (6) ,
[H9(E,DTC),(dppe)] (7) and [Hg(Et.DTC).(dppp)]
(8) were prepared same procedure as mentioned
above, while the [Zn(Et;,DTC),(PPhs),] (5) and
[Hg(Eto,DTC),(PPhs),] (9) complexes were prepared
and isolated in a similar method, but the molar ratio
was (1:2) (complex : phos).

3. Results and Discussion

3.1 Synthesis

The reaction of zinc (Il) acetate or mercury (Il)
acetate  with two equivalents of sodium
diethyldithiocarbamate trihydrate (NaEt,DTC.3H,0)
in absolute methanol and distilled water, gave
complex of the type [M(Et,DTC),]l, (M =Zn(1),
Hg(2)) (See Scheme 1). The Et,DTC ligand was
coordinated as bridged bidentate and bidentate
chelating ligand through the sulfur atoms of CSS
group to afford a tetrahedral geometry around the
central atom ion, in binuclear complexes.

S S
\
_/N_C/ \M/ N
s N\ N
- S
2 Na N—C .3H,0 + M(OAc),.xH,0 MeOH /D.W \ S/ + 2CH;COONa
— 0\ Stirring 2 h S S
s AV I
i AN
M= Zn(1) or Hg(2)

Scheme 1: preparation of [Zn(u-Et,DTC),], and [Hg(u-Et,DTC),], complexes

Treatment equal molar of diphosphine ligands (dppm,
dppe and dppp) with [M(u-Et,DTC),], [M= Zn (1) or
Hg (2)] in chloroform as a solvent afforded
complexes of the types [Zn(Et,DTC),(dppeO)] (3);
[Zn(Et,.DTC),(dpppS)] (4a); [Zn(Et,DTC).(dppp)]
(4b); [Hg(Et,.DTC),(dppm)] (6a); [HY(Et,DTC),(u-
dppm)]»(6b); [Hg(Et,.DTC),(dppe)](7) and
[Hg(Et,DTC),(dppp)](8). The dithiocarbamate ligand
was bonded as monodentate ligands through the
sulfur atom of the thioureide group, while the
diphosphine ligands were bonded as a bidentate
chelating ligand. The reaction of one mole of the

complex [M (p-Et,DTC),], [M= Zn (1) or Hg (2)]
with two moles of PPhs, afforded yellow precipitate
characterized as [M(k*-Et,DTC),(PPhs),] (5a, 9a) and
[M(k*-Et,DTC),(PPhs),] (5b, 9b), which exist as a
mixture of two inseparable products was resulted as
shown by *P{*H} NMR spectroscopy (Scheme 2
and 3). In complex (5a, 9a) the (Et,DTC) ligand
behaved as monodentate ligand through a sulfur atom
of thioureide group, whereas in complex (5b, 9b) act
as bidentate chelating ligand through the sulfur atoms
of CSS’ group.

— Ph,
N C. P
pa— ~ /
Zn
— N
NC h
S — S Ph,
N
—_ Oo=P o 4a) (40%
N C\s\/ dppe / CHCl; o dppp / CHCly (“4a) (40%)
. L.
S/Zn \P Stirring 24h Stirring 24h —_—\
N C =
TN\ Ph, 2PPhy Se /s P
— \s CHCl4 Zh
3 Stirring / \
24h \ P
NC Ph,
PPh, (4b) (40%)
\N S
— S S S /s PPh
7 \Z 7N o
_/N-C\ - “\ //C-N Zn\
S \
S \ s PPh,
N-C_
PPhy /g
(5b) (55%) (5a) (45%)

Scheme 2: preparation of complexes (3-5)
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Scheme 3: preparation of complexes (6-9)

All prepared complexes are air stable in solid state
and insoluble in diethyl ether, n-hexane, methanol
and distilled water, but they are soluble in CHClIs,
CH,CI, , DMSO and DMF. The elemental analyses
are listed in Table (1) and they agreed with the
theoretical analysis. The conductivity of freshly
prepared complexes solution were measured in

DMSO at room temperature and that the complexes
are non-electrolyte [14]. The prepared complexes
were characterization by many technical IR, NMR
spectroscopy (*H and *'P), CHNS analysis and molar
conductivity. All the data are mentioned in Tables (1
-3).

Table (1), Color, yield%, m.p. (°C) and elemental analysis of prepared complexes (1-10)

Se Complexes Color m.p.(°C) Yield % A (Ohm™.cm? Elemental analysis
q. .mol™?) Found(cal.) %
C H N S
1 [Zn(u-Et,DTC).]; White 182 95 1.65 332 5.59 773 35.44
(33.19) | (65.57) | (7.90) | (35.43)
2 [Hg(u-Et.DTC),]. Green 141 94 0.46 24.18 4.10 5.62 25.79
(24.16) | (4.06) | (5.64) | (25.80)
3 [Zn(Et;.DTC),(dppm)] Creamy 100 89 7 56.51 5.79 3.80 17.15
(56.33) | (5.67) | (3.75) | (17.18)
4 [Zn(Et.DTC):(dppe)] Creamy 125 65 12.3 56.93 5.87 3.65 16.95
(56.87) | (5.83) | (3.68) | (16.87)
5 | [Zn(Et.DTC)(dppp)] Creamy 138 92 15.4 57.46 6.18 3.70 16.54
(57.39) | (5.99) | (3.62) | (16.56)
6 [Zn(Et,DTC),(PPhs).] Creamy 157 50 15.5 62.45 5.68 3.25 14.55
(62.33) | (5.69) | (3.16) | (14.47)
7 [Hg(Et,DTC),(dppm)] Yellow 86 60 7.4 47.79 4.73 3.30 14.59
(47.69) | (4.80) | (3.18) | (14.55)
8 [Hg(Et,DTC),(dppe)] Creamy 155 79 15 48.20 4.99 3.16 14.35
(48.28) | (4.95) | (3.13) | (14.32)
9 [Hg(Et,DTC).(dppp)] Creamy 82 77 217 48.93 4.98 3.05 14.20
(48.86) | (5.10) | (3.08) | (14.10)
10 | [Hg(Et;DTC),(PPhs).] Yellow 112 70 25 54.20 5.20 2.69 12.58
(54.08) | (4.93) | (2.74) | (12.55)

3.2 Spectroscopic studies

3.2.1 Infrared spectra

The IR selected bands of dithiocarbamate and its
complexes are listed in Table (2) and Fig (1 and 2).
The IR spectrum of dithiocarbamate showed bands at

61

(2929), (987), (1068) and (1477) cm™ which due to v
(CH) aiphas V(C-S), v(C=S) and v(C-N) respectively. In
the IR spectra of complexes (1), (2) showed two
bands at (983, 1070), (983,991) cm™ and (1070,
1072) cm® assigned to Vv(C-S) and Vv(C=S)
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respectively, these two bands indicates the thioureide
group was coordinated with Hg" and Zn* ions
through the sulfur atoms as bridge and chelate
bidentate [15, 16]. The spectra of complexes (3-10)
showed the v(C-S) and v(C=S) within (985-995) and
(1066-1072) cm™range respectively, and displayed a

TJPS

new bands at (1427-1433) cm™, (501-540) cm™,
(1182) cm™ and (694)cm™ range assigned to v(P-Ph),
v(P-C) [17-28], v(P=0O) [29] and v(P=S) [30]
indicating the phosphine ligand was coordinated with
the metal ions.

Table 2: Selected IR stretching vibration bands (cm™) of the prepared complexes (1-10)

T Tg =z o > = %) o
Seq. Compounds oz os o o b g =3 £
> > © > > = < > ®)
* NaEt,DTC.3H,0 2929w 1477s 987w 1068w -—-
1 [Zn(ELDTC),] gg;ga 115’7012; 991m | 1072w
2 [Hg(ELDTC);] porow | L9 | ggam | 1070w |
3 2978w 1504s Zn-P
[Zn(ELDTC)dppm] | 3061w | fooot | 000 | 993m | 1072w | 1431s | 503m | o
4 P=0
2978w 1502s 1182m
[Zn(Et,DTC).dppe] 3064w 2872w 1271m 993m 1072w 1433s 507w Z1-P
472w
5 P=S
2978w 1502s 694m
[Zn(Et,DTC)dppp] 3053W | Senow | o71m | 995M | 1070w | 1431m | 5llw 7P
547w
6 2976w 1502s Zn-P
[Zn(ELDTC)(PPh),] | 3057m | 52070 | 74w | 991m | 1070w | 143Im | Bdow | oo
7 2976w 1494s Hg-P
[Hg(Et,DTC).dppm] 3040w | Sono | ioe7m | 985M | 1088w | 1427m | 505w | =
8 2972w 1483s Hg-P
[Hg(Et.DTC),dppe] 3051w 2868w 1269m 989m 1072w | 1433w | 509w 479w
9 2972w 1483s Hg-P
[Hg(Et.DTC).dppp] 3051w 2870w 12675 985m 1066w | 1433m | 511m 478w
10 2978w 1496s Hg-P
[HYELDTC)(PPha);] | 3051w | Soec | 1oeom | 985M | 1070w | 1420m | 501w | =00
s: strong, m: medium, w : weak
e,
! B
o A .4'1_, =] @ &
] ,. S = g \
. ] gy = - 3
1 = T 5
1 g 2l -
25+ 2 &
. g
] L
] .
0 ;& = d
! cq °®
4000 2000 1750 1500 1250 1000 750 500
OMKSO0 1/ecm

Fig. 1: IR spectrum of complex (3)
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Fig. 2: IR spectrum of complex (9)

3.3 NMR spectra

The *H and **P chemical shifts are listed in Table (3).
The *H-NMR spectrum of complex (2) measured in
CHCI; (Fig 3) showed two peaks, a triplet peak at
8H=1.33 ppm with coupling constant (3Juy = 20 Hz)

ASM 7.1.fid

assign to 4CH; groups, and a quartet peak at 6H =
3.83 ppm with coupling constant (*Jyy = 16 Hz)
assign to 4CH, groups. The same peaks were
observed for complex (1).

136
133
131

HiyC—CHz S -
S 4 P S HL—CH;
333 Pi—c( me il |
4 |
M HiC—CH, s \/ g o b 350
t300
A bp k [
a22 .00 12H G
3.95 3.90 3.85 3.80 3.75 3.70 3.65 3.60 3.55 3.50 1.45 1.40 1.35 1.30 1.25 1.20 1.15 cHs !
f1 (ppm G885
& ot === 200
T CH |
t1s0
segs f
CHCl3 Saoa HOD L1o0
l ‘ X
4.22

4.5 4.0
f1 (ppm)

Fig. 3: '"H-NMR spectrum

of complex (2) in CHCI,

Table 3 : 'H and *'P-{*H} NMR chemical shifts (5 ppm) for the prepared complexes (1-10) measured in

DMSO-d°
Seq Complexes 5P (ppm) SH"(ppm)
1 [Zn(u-Et,DTC),], 1.19 (t, *Jyn = 8 Hz, 12H);3.80 (q, *Jnu.n = 8 Hz, 8H)
2 [Hg(u-Et,DTC),], 1.33 (t, *Jun= 20 Hz, 12H);3.84 (q, *Ju.n = 16 Hz, 8H)
3 [Zn(Et,DTC),(dppe)] 38.43 (dd); -2.84 (dd) 1.20 (t, *Jpn= 12 Hz, 12H);3.81 (q, *Ju.n= 12 Hz, 8H); 2.04 (s, 4H,CHx-
dppe); 7.48 (m,20H)
4 [Zn(Et,DTC),(dppp)] | Isomer (a) (24.66) (s) (40%) 1.21 (t,%Jyn = 12 Hz, 12H);3.81 (q, *Js.i= 8 Hz, 8H); 2.64 (s,4H,CH,™-
Isomer (b) (35.37) (dd); (- dppp);1.68 (s,2H,CH,*-dppp); 7.49 (m,20H)
6.94) (dd) (60%)
5 [Zn(Et.DTC),(PPhs).] Isomer (a) 34.10 (s) (45%) 1.20 (t,*Jyn = 12 Hz, 12H);3.81 (g, *Js.i= 12 Hz, 8H); 7.64 (m,30H)
Isomer (b) 37.46 (s) (55%)
6 | [Hg(Et.DTC)y(dppm)] | Isomer (a) (-1.56) (bs) (70%) | 1.25 (t,*Jun= 12 Hz, 12H);3.76 (*J.u= 16 Hz, q,8H); 3.69 (s,, 2H,CH,-
Isomer (b) (26.81) (s) (30%) dppm); 7.46 (m,20H)
7 | [Ho(Et,DTC).(dppe)] 10.54 (bs) 1.22 (t,*Jun = 16 Hz, 12H);3.78 (q, *Ju.n = 16 Hz, 8H); 2.64 (s,4H, CH,-
dppe); 7.51 (m,20H)
8 | [[Hg(Et.DTC)(dppp)] 13.09 (s) 1.23 (t, *Jpn = 12 Hz, 12H);3.77 (q, *Ju.u= 12 Hz, 8H); 2.81 (s,4H, CH,™
dppp); 1.70 (s,2H,CH,*-dppp)7.52 (m,20H)
9 | [Ho(EL,DTC)(PPhs),] | Isomer (a) 22.63) (s) (60%) 1.25 (t,*Jun= 8 Hz, 12H);3.77 (4, *Jwn= 12 Hz, 8H); 7.56 (m,30H)
Isomer (b) 23.52 (s) (40%)
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The *P-{’H} nmr spectrum of [Zn(Et,DTC),(k*
dppe0)](3) (Fig. 4) showed only one signal, as a
doublet of doublets peak at 6P= (38.43) and (-2.84)
ppm for (P=0) and (P) atom respectively, with
coupling constant (Jpp=78.0Hz), this indicate the two
phosphorus atoms are un-equivalent. and dppeO
ligands was bonded as chelating bidentate ligand,

The 3P{*H} NMR spectrum of the product indicated
that it is a mixture of two compounds; 1% compound,
namely [Zn(Et,DTC),(x*-dpppS)](4a) (60%) [*'P-
{*H} NMR a doublet of doublets peak at 5P= (38.43)
and (-2.84) ppm for (P=0) and (P) atom respectively,
this indicate the two phosphorus atoms are un-
equivalent] and 2™  compound,  namely
[Zn(Et,DTC),(x*-dppp)] (4b) (40%) [*'P{*H}INMR: &
24.66 ppm (s), this indicate the two phosphorus atoms
are equivalent].

The *P-{"H} NMR spectra of the product of the
reaction of dppm with [Hg(u-Et,DTC),] showed two
signal, broad at 6P= (-1.56) ppm for the isomer (a)
[Hg(x*-Et,DTC),(*-dppm)] (70%) dppm bonded as
chelating bidentate ligand, and the second isomer (b)

TJPS

showed a singlet peak at P= (26.81) ppm , due to the
complex [Hg(x*-Et,DTC),(u-dppm)], (30%), and the
positive value of 8P refer to the dppm bonded a
bridge bidentate ligand.

The *P-{"H} nmr spectra of [Hg(k'-Et,DTC)y(k*-
dppe)] and [Hg(x-Et,DTC),(k*dppp)] showed only
one signal at & (10.54) ppm and (13.09) ppm
respectively, indicating the presence of a single
isomer.

The 3P-{"H} nmr spectra of complexes (6a, 6b)
showed a two single peaks at 6P = (34.10) (45%) and
(37.46) (60%) ppm attributed to complexes [Zn(k'-
EtzDTC)z(Pphg)z] and [M(Kz'EtzDTC)Z(PPhg)z]
respectively. And the *P-{*H} nmr spectra of
complexes (9a, 9b) also, showed a two single peaks
at &P (22.63) (60%) and (23.52) (40%) ppm
attributed to complexes [Hg(k™-Et,DTC),(PPhs),] and
[Hg(k*-Et,DTC),(PPhs),] respectively.

The 'H- NMR of complexes (3-9) (Fig 6 and 7)
showed the expected signals for the dithiocarbamate
ligand as well as and the phosphine ligands.

C+P NMR.595.fid
CMKSS 31PNMR in DMSO at 298k 1398/04/12

B
B0

Lenith

'
8

oA

4 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10
f1 (ppm)

Fig. 4:

*Ip_{'H} NMR spectrum of complex (3) in DMSO-d®

OMK-73.3.fid
OMK-73-P31
in-DMSO

r1300
+1200
1100

1000

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 & 7 & 5 4 3 2 1
f1 (ppm)

Fig. 5: *'P-{"H}NMR spectrum of complex (8) in DMSO-d°
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Fig. 6: "H-{*’"P}NMR spectrum of complex (6) in DMSO-d
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Fig. 7: 'H -{*’P}NMR spectrum of complex (8) in DMSO-d®

4. Conclusions

In summary, we have synthesis and characterization
new Zn(ll) or Hg(ll) dithiocarbamate complexes with
phosphine ligands as co-ligands. A complexes of the
type [M(x*Et,DTC),] [M= Zn(1), Hg (2)] were
prepared and characterized. The complex (1) or (2)
was treated with equal molar of phosphine ligands to
afford complexes of the type [Zn(Et,DTC),(dppeO)]
(3); [Zn(Et,DTC)2(dpppS)] (4a);
[Zn(Et,DTC),(dppp)]  (4b); [HY(EL,DTC)(dppm)]
(6a); [HY(EtDTC),(u-dppm)]2(6b);
[Ho(Et.DTC),(dppe)](7) and
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[Ho(Et,DTC),(dppp)](8). Or with two moles of PPhj,
afforded yellow precipitate characterized as [M(x-
Et,DTC),(PPhs),] (58, 9a) and  [M(x*
Et,DTC),(PPhs),] (5b, 9b). The dithiocarbamate
ligand was bonded as monodentate ligands through
the sulfur atom of the thioureide group in complexes
(1-9) except, the complexes (5b, 9b) was bonded as
bidentate chelating ligands the two sulfur atoms of
CSS™ group. The prepared complexes have been
characterized by IR, NMR (*H, and *P)
spectroscopy, molar conductivity and C.H.N.S
elemental analyses.
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