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Several new oxozirconium dithiocarbamates and their bimetaUic
derivatives with Hg(II), Cd(JI) and Ag(I) have been prepared and
their structures established through physicochemical data.
Bimetallic derivatives are formed through the toordination from the
sulphur atom of the oxozirconium dithiocarbamate to the soft
acceptors i.e. Hg(II), Cd(Il) and Ag(I).

In the past two decades a large number of
dithiocarbamates ', carbarnates ", monothio-
carbamates ' and xanthates" of transition metals have
been investigated. However, the reports on the
corresponding derivatives of oxometals are limited to a
few oxomolybdenum and oxovanadium dithio-
carbamates" -7. In continuation of our studies on
oxometal dithiocarbamates 8

, we report in this note the
synthesis and characterisation of some oxozirconium
dithiocarbamates. Their interaction with soft lewis
acids such as Hg(II), Cd(lI) and Ag(I) has yielded new
bimetallic dithiocarbamates.

Oxozirconium chloride (BDH) was converted into
o =Zr(OHh by reaction with aqueous ammonium
hydroxide. Carbon disulphide (BDH), amines
(Aldrich), 2,2' -dimethoxypropane (Aldrich) and
triethyl orthoformate (Aldrich) were distilled/recrys-
tallized before use. The solvents were purified by
standard methods.

Preparation of oxozirconium bis-(dithiocarbamates)
The title compounds were prepared by the

interaction of CS2 with oxozirconium hydroxide and
amines using 2,2'-dimethoxypropane or triethyl
orthoformate as the solvent according to the following
general equation,

O=Zr(0Hh + 2CS2 + 2R2NH--+
o =Zr[S(S)CNR2]2 + 2H20

In a representative experiment, to a mixture of
freshly prepared hydrated oxozirconium hydroxide(lO
mmol) and carbon disulphide (20 mmol), suspended in
25 ml of 2,2' -dimethoxypropane, was added
morpholine (20 mmol) in 10 ml of the same solvent at
- 20°C with constant stirring. The reaction mixture
was stirred for six hr. The precipitated oxozirconium
bis-(morpholine dithiocarbamate) was filtered, washed
with diethyl ether and dried over P4010 in vacuo.

-- ._---_.-. --------
Table 1-Analytical Data and Characteristic IR Bands(cm -1) of Oxozirconium Bis-Idithiocarbamates)

Complex Found (Calc.),/., IR absorption (em -1)

(m.p., DC;yield,iJ ----_.- -------------. ----- - (KBr)

Zr C H N ------_._ ..- -- - --
"C::: N) "C =S)

0= Zr[S(S)CN(C lH shh 22.4 29.6 4.9 6.9 1430m 1020s
(>240,80) (22.5) (29.7) (4.9) (6.9)
0= Zr[S(S)CNHC4H9lz 22.4 29.6 4.9 6.9 1435m 1020s
(214d,84) (22.5) (29.7) (4.9) (6.9)
o =Zr[S(S)CN(C4H9lz]l 17.5 41.7 6.8 5.3 1435m 1015s
(192d,I!O) (17.6) (41.9) (6.9) (5.4)
o =Zr[S(S)CN(C 6H slz] 1 15.2 52.3 3.3 4.6 1430m 1015s
(>240,85) (15.2) (52.4) (3.3) (4.7)
0= Zr[S(S)CN(CH lC6H slz] 1 13.8 55.2 4.2 4.2 1425m 1020s
(> 240,85) (13.9) (55.2) (4.3) (4.3)
o =Zr[S(S)CNHC6Hs]l 20.4 37.8 7.6 6.3 1430m 1025s
(>240,84) (20.5) (37.9) (7.7) (6.3)
o =Zr[S(S)CNC4H.O] 21.1 27.8 3.6 6.3 1430m 1020s
(>240,96) (21.1) (27.8) (3.7) (6.4)
o =Zr[S(S)CNC4H.]l 22.7 30.0 4.0 6.8 1435m 1020s
(I 27d,90} (22.8) (30.0) (4.0) (7.0)
o =Zr[S(S)CNCsH 10]l 21.2 33.6 4.6 6.5 1430m 1020s
( >240,88) (21.3) (337) (4.6) (6.5)
o =Zr[S(S)CNC4HsCNC.Hs]l 15.6 45.3 4.3 9.5 1430m 1020s
(I 93d,96) (15.6) (45.4) (4.4) (9.6)
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Table 2- Analytical Data and Characteristic IR Bands (ern -I) ofOxozirconium Bis-(morpholine-dithiocarbamate).2M'X2
or 2MX

Complex Found (ea1c.).% IR absorption (em -I)
(m.p .•°C)

Zr Hg/Cd/Ag C H N l(C::':N) l(C =S)

O=Zr[S(S)CNC.HsOh2HgCI2 9.3 41.0 12.3 1.6 2.84 1470m 100Ss
( >240) (9.3) (41.1) (12.3) (1.6) (2.80)
o =Zr[S(S)CNC.HsO]2.2Hg(SCNh 8.5 37.6 15.6 1.4 7.8 1465m 1005s
( 176d) (8.5) (37.6) (15.8) (1.5) (7.9)
o =Zr[S(S)CNC.HsO]2.CdCI2 10.5 26.2 14.0 2.2 3.2 1475m 1005s
(> 240) (10.6) (26.3) (14.0) (2.2) (3.2)
o =Zr[S(S)CNC.H~O]2.2AgSCN 11.8 28.2 18.8 2.0 7.2 1470m l00Ss
( I78d) (11.9) (28.3) (18.8) (2.0) (7.3)
'0 =Zr[S(S)CNC.H~O]2·2Hg(OCOCF Jh 7.0 31.1 1470m IOO5s
( 13Od) (7.0) (31.1)
O=Zr[S(S)CNC.H~O]2.2Hg(OClOJh 7.3 32.4 1465m IOO5s
(*) (7.4) (32.5)
o = Zr[S(S)CNC.HsO]2.2AgOClOJ 10.7 25.3 1468m l005s
(*) (10.7) (25.3)
0= Zr[S(S)CNC.HsO]2.2AgOCOCF J 9.3 22.0 1475m 1005s
( 194d) (9.3) (22.0)
*Explode at their m.p.
-_.- ._'--- ----- .-----------.--.------.

Identical product was obtained by the reaction of
oxozirconium chloride with ammonium morpholine
dithiocarbamate in methanol at room temperature.

Reaction of oxozirconium bis-(morpholinedithio-
carbamate) with Hg(ll), Ccl...II) and Ag(1) salts

In a typical experiment, to a stirring methanolic
solution of oxozirconium bis-morpholine dithio-
carbamate) (10 mmol) was added HgCI2 (20 mmo\) in
acetone-methanol mixture. The reaction mixture was
stirred for about 10 hr. The precipitated product was
washed several times with acetone-methanol mixture
and dried over P4010 in vacuo. Similar adducts were
prepared using Hg(SCN)2' Hg(OCOCF 3)2,
Hg(OCl03h, CdCl2, AgSCN, AgOCl03 and
AgOCOCF 3 as acceptors. The analytical data are
given in tables 1 and 2.

Zr and Hg were determined gravimetrically by
reported methods. Analytical data for C, H, N at
semimicro and infrared spectra in the range 4000-200
em -1 using Perkin-Elmer 577 spectrophotometer were
obtained from the CORI, Lucknow. The molar
conductances were measured at room temperature by
a Phillips magic eye conductivity bridge PR9500 using
dip-type conductivity cell. T G analysis was carried out
using a manual balance supplied by FCI. India, in a
self-produced atmosphere using platinum crucible.

The elemental analyses indicate 1:2 (rnetal.dithio-
carbamate) stoichiometry for the oxozirconium
dithiocarbamates. The compounds are white to light
grey in colour, inert towards atmospheric oxygen and
moisture. They are insoluble in common organic

solvents, sparingly soluble in methanol and soluble in
OMSO and OMF. The conductance data (10-20
ohm -tcm2mol -I) show their non-electrolytic nature
in OMSO.

The TG analysis of a few representative samples at a
heating rate of 5°C min -I indicated their slow
decomposition at 100°C resulting in the formation of
CS2 and organic matter. At 160°,a mixture of 0 =Zr = S
and Zr02 was obtained which ultimately changed to
Zr02 at 440°C.

The dithiocarbamate group can act as a
monodentate or a bidentate ligand. The nature of
bonding can be distinguished on the basis ofthe(C =S)
stretching mode of vibration. The presence of only one
strong vC = S absorption at 1020± 5 em -1 in the
present complexes suggests the chelating behaviour of
the dithiocarbamate group. A doublet is expected at
1000± 70 em -I in case of unidentate dithiocarbamate
groups 10.The absorption at 1430± 5 em -I, assigned
to l(C :;..:N), is characteristic of thioureide bond having
partial double bond characterll. A band at 980 ±2
em -I has been assigned to l(Zr=O) mode of
vibrationl2. Conclusive evidence of sulphur to metal
bonding is provided by a band occurring at 355± 2
em -t which has been assigned to l(Zr-S) mode.
Structure(I) may be proposed for oxozirconium
bis(dithiocarbamates) in the solid state.
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In the IR spectra of bimetallic complexes.
oxozirconium bis-{morpholine dithiocarbamate).
2M'Xz or 2MX(M'=Hg. Cd; M=Ag; X=CI. SCN.
OCl03• OCOCF 3). absorptions due to vC = Sand
vC "-'N are observed at 1005em -I and 1470± 5 em -1.

respectively. Two separate absorptions for vC = Sand
vC-S could not be identified since due to coordination
from sulphur atom to soft metal acceptor, the C = S
bond is significantly weakend and approximately
corresponds to C - S bond order. Due to the formation
of new coordinated bond an electron drift from R
takes place resulting in an increase in double bond
character of (C = N) and decrease in (C = S) bond
order. The former, therefore, shows a distinct positive
shift. while the latter is lowered. vZr = 0 and vZr-S
modes of vibration remain unaltered in the adducts.
The vHg-S mode could not be identified since it lies
beyond the recording range of the spectrophotometer.
The thiocyanate group is Svbonded, since I'C== N.
vC = Sand bNCS appear at 2060. 730 and 460 cm -I

respectively 13. The trifluoroacetate groups are
unidentate '" since vasOCOand vsOCO appear at 1690
and 1430 cm -I. respectively, with -,1v=260 em -I.
The perchlorate group is unidentately coordinated as
vsCl-O, vsCl03, bas CI-O, bs CI-OJ and bas CI03 are
located at 910, 1040, 1130, 690 and 620 em -I,
respectively 15.

It is thus concluded that one of the sulphur atoms of
the dithiocarbamate group in 0 = Zndtc), is
coordinated to soft metal atom giving rise to bimetallic
dithiocarbamates which are new and are liable to
possess significant biological importance.

In the IH NMR spectrum of morpholine, the
methylene protons. viz.. N-CHz and 0-CH2 are
tentatively numbered as shown:

b

NH -CHz -CH2 -0-CH2 -CHz
t J

In the 1H NMR spectrum, two multiplets centered
at b2. 74 ppm and b3.52 ppm correspond to N-CH 2and
O-CH 2 protons respectively. In the spectrum of
oxozirconium bis-{morpholine dithiocarbamate) there
is a slight upfield shift of N-CHz (b) and O-CHl (a)
protons which now appear at b2.67 ppm and 3.45 ppm,
respectively. It is thus concluded that due to Zr-S
bonding, there is a drift of electrons from N-CH 1 (b)
and O-CHz (a) groups towards the metal.

In the bimetallic complex of oxozirconium
bis(morpholine dithiocarbamate) the N-CH 1 protons
appears at b2.52 ppm indicating considerable drift of
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electrons from -N- to the metal through carbon and
sulphur atoms whereas the position ofO-CH2 protons
remains more or less the same (....,3.52 ppm) as in
morpholine, indicating little effect on the O-CHl
protons.

On the basis of the above evidence, structure(Il) may
be proposed for oxozirconium bis-{morpholine
dithiocarbamate). 2M'Xl or 2MX.

X-M'-X(orM-X I

t
5 0

r=>. II II r=.
o N-C-S-Zr-S-C-N 0
\...,J II \...J

S
t,

X-M -x
OR
M-X

(11)

In these adducts Hg(II) and Cd(lI) are tri-
coordinated 16 while Ag(I) possesses the usual
coordination number of two 17.
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