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Zirconium(1V) N,N-dialkyldithiocarbamates of the
type Cp,Zr(S,CNR,)Cl and (MeCp).Zr(S,CNR,)CI
(R = Me, Et) have been prepared by reaction of di-
cyclopentaaienyl zirconium(IV) dichloride and bis-
methylcyclopentadienyl  zirconium(IV) dichloride
with anhydrous sodium N,N-dialkyldithiocarbamates
in refluxing dichloromethane. Molecular weight,
conductance and infrared data demonstrate that
these complexes are monomeric nonelectrolytes in
which the dithiocarbamate ligands are bidentate. The-
refore, the zirconium(IV) atom may be assigned a
coordination number 5. Proton nmr studies have also
been carried out for these complexes.

Introduction

The dithiocarbamate ligands by virtue of their (i)
low charge, and (ii) relatively small ‘bites’ (2.8-2.9 A)
are particularly well suvited for the stabilisation of
higher coordination states of metals. Thus many
high coordination state dithiocarbamate complexes
such as Tl(s;CNR2)3C1 [1, 2] , VO [SQCN(C2H5)3]3
[3], NbO[S;CN(C;Hs):]s 3], Mo(NO)[S,CN(n-
CsHs),]5 [4] and (n°-CsHs)Zr[S,CN(CH3).]5 [5]
have been reported.

The present communication deals with the
preparation and characterisation of complexes of the
type Cp,Zr(S,CNR,)Cl and (MeCp),Zr(S;CNR;)Cl
(R = Me, Eb).

Experimental

Reagents and Techniques

Sodium salts of dithiocarbamic acid, Na(S,CNR,),
were prepared by the method [6] described by
Klopping and Kerk. The above sodium salts were
dried under vacuum over phosphorus pentoxide (first
at room temperature and then at 110 °C). Dicyclo-
pentadienyl zirconium(IV) dichloride was prepared
by reaction of zirconium tetrachloride with sodium
salt of cyclopentadiene in tetrahydrofuran [7]. Bis-
methylcyclopentadienyl zirconium(IV) dichloride was
prepared by reaction of zirconium tetrachloride with

sodium salt of methylcyclopentadiene in tetrahydro-
furan [8].

Dichloromethane was dried by refluxing for 24
hours over calcium hydride. Nitrobenzene was purifi-
ed for conductance measurements by the method
described by Fay et al. [9].

Preparation of the Complexes

The dicyclopentadienyl zirconium(IV) dichloride
and bismethylcyclopentadienyl zirconium(IV) dichlo-
ride were refluxed separately in 100 ml of dichloro-
methane with stoichiometric amounts of anhydrous
sodium salts of the N,N-dialkyldithiocarbamates for
24 hours. The solution was then filtered and the
volume of the filtrate was reduced to ~25 ml. Colour-
less crystals of the compounds were obtained by
adding petroleum ether (60-80 °C) (~15 ml) to the
above concentrated filtrate and allowing the mixture
to stand overnight.

Biscyclopentadienyl N,N-dimethyldithiocarbama-
to chlorozirconium(IV): This complex was prepared
in refluxing dichloromethane by reaction of 0.2922 g
(0.001 mol) of dicyclopentadienyl zirconium(IV)
chloride and 0.143 g (0.001 mol) of sodium N,N-
dimethyldithiocarbamate, Na(S,CNMe,); yield 0.298
g (79%).

Bis-cyclopentadienyl N,N-diethyldithiocarbamato
chloro zirconium(IV): This complex was prepared in
refluxing dichloromethane by reaction of 0.2922 g
(0.001 mol) of dicyclopentadienyl zirconium(IV)
dichloride and 0.171 g (0.001 mol) of N,N-diethyl
dithiocarbamate, Na(S,CNEt,); yield 0.291 g (72%).

Bis-methylcyclopentadienyl N,N-diethyldithiocar-
bamato chloro zirconium(IV): This complex was
prepared in refluxing dichloromethane by reaction of
0.3202 g (0.001 mol) of bis-methylcyclopentiadienyl
zirconium(I1V) dichloride and 0.143 g (0.001 mol) of
Na(S;CNMe,); yield 0.283 g (70%).

Bis-methylcyclopentadienyl N N-diethyldithiocar-
bamatc chloro zirconium(IV): This complex was
prepared in refluxing dichloromethane by reaction of
0.3202 ¢ (0.001 mol) of bis-methylcyclopentadienyl
zirconium(IV) dichloride and 0.171 g (0.001 mol) of
Na(S,CNEt,); yield 0.273 g (63%).

Table I lists the important physical characteristics
of the complexes.
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TABLE 1. Yields and Physical Characteristics (A in Ohm ! cm? mol“l)

Calculated (%)

Found (%)

Conductance data

Molecular wt.

Compound

C1

Zr

1

Zr

A

Molarity
x 10°

Calcd. €0

Found

9.4
8.8
8.8

24.2

3.7
3.5

43

414

9.2
8.5

23.1

4.0
34
3.6

4.4
5.0

40.2
4.9

0.55
0.59
0.42
0.46

0.5

205-210(d)
172-175(d)
145-148 (d)
147-151 (d)

376.7
404.7

350
355
395

Cp, Z1(Sy CNMe,)Cl
Cp;Z1(S, CNEt,)Cl

22.5

4.9

445

24.0

43.2

0.5

3.5 22.5

4.9

8.6 44.5

22.8

448

404.7 0.5

(MeCp), Z1(S,CNMe, )C1
(MeCp), Zr (S, CNEt,)C1

3.4 205 8.0 47.1 5.6 3.2 21.1 8.2

53

46.8

0.5

432.7

369
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Molecular Weight and Conductance Measurements
Molecular weights were determined ebulliosco-
pically in benzene using a Gallen Kamp (UK.)
ebulliometer.
Conductance measurements were made in nitro-
benzene at 30 * 05 °C with a Beckmann Conductivi-
ty Bridge Model No. RC-18A.

Infrared Spectra

Infrared spectra were recorded in solid state (KBr
pellets) in the region 4000250 cm™ with a Perkin
Elmer 621 grating spectrophotometer.

Nuclear Magnetic Resonance Spectra

The proton nmr spectra were recorded at ambient
temperature (30 °C) at sweep width of 500 Hz with
a Varian A-60 spectrometer. Spectra were recorded
in triplicate, and the values given in Table 11 are
average values; the magnetic field sweep was calibrat-
ed with a standard sample of chloroform and tetra-
methylsilane (1%) in deuterated chloroform.

Results and Discussion

The methods used for preparation and isolation of
the compounds give materials of good purity as judg-
ed by satisfactory elemental analyses and by proton
nmr spectra of deuterichloroform solutions (Table
IT). All the four compounds are new.

All the above complexes crystallise as colourless
crystals. They are soluble, in carbon disulfide, benze-
ne, dichloromethane and chloroform. These
complexes are thermally stable but decompose near
their melting points. The solids are quite stable in air
but their solutions are hydrolysed relatively rapidly.

Conductance measurements (Table I) show that all
the four complexes are essentially nonelectrolytes in
nitrobenzene. Molecular weight data are presented in
Table 1. All of the complexes are soluble enough to
be studied and are monomeric in benzene solu-
tion.

The chief interest in the preparation of these
complexes is the attachment of dithiocarbamate
ligand. A coordination number of 5 may be assigned
if the dithiocarbamate ligands behave as bidentate as
in Mo(NO)(S,CNR;); (R = Me [10] or n-Bu [4]);
however, the coordination number of 4 would result
if the dithiocarbamate ligands behave as an s-bonded
monodentate ligand, as in Ru(NO)(S;CNR;,); (R =
Me [10] or Et [11]). The two bonding possibilities
can be distinguished by infrared spectroscopy since
complexes having monodentate dithiocarbamate li-
gands exhibit additional infrared bands not found for
complexes having only bidentate ligands [11-17].

Table I1I lists the characteristic infrared frequen-
cies for Cp,Zr(S;CNR;)Cl and (MeCp),Zr(S,CNR;)-
Cl (R = Me, Et) complexes. Some of the infrared
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TABLE 1L Proton Chemical Shift (in Hz) and Coupling Constant Data (in Hz) at 30 °ct
Compound Deuterichloroform Solution ]
1r-C5 H5 /C5H4 CHj of —CH;- —CHj of
n-CH3CsHy [S2CNR; ]

Cp,Z1(S, CNMe,)Cl -369.7 - - -200.7 -
Cp, Z1(S, CNEt, )Cl —368.8 - -230.8q -76.2 1 7.1
(MeCp), Z1(S, CNMe, )Cl -355.6 -1294 - -2014 -
(MeCp); Z1(S; CNE1,)Q1 -355.2 -129.5 -2314 q -76.6 1 7.1
24 = quartet; t = triplet.
TABLE II1. Characteristic Infrared Bands of Cp, (S CNR,)Cl and (MeCp); Z:(S,CNR2)Cl (R = Me, Et) Complexes.
S.No. Peak Position (in cm 1) Assignment

Due to Due to Due to Due to

Cp2Z1(S;CNMe, )C1 Cpy Zr(S;CNEt;)C1 (MeCp)aZr(S;CNMeg)Cl (MeCp); Zr(S; CNEt;)CI
1 334 m 329 m 335m,b 332 m, b* »(Zr-Cl)
2 358 m 353 m 355m 332 m, b* »(Zr-S)
3 1525, b 1495 vs 1520s,b 1498 s v(C22=N)
4 1000 sh 1010 s° 994 m 1008 m (C:=:8)
5M° 3110m 3110 m 3110 m 3105 m v(C-H)

(i) 1440m,b 1429 s 1450 m 1434 s v(C—C) (asym-
metric ring
breathing)

(i) 1014 s 1010 s 1033 m 1032 m v(C-H) (in plane
bending)

(iv) 805 vs 803 vs 811 vs 819 vs v(C—H) (bending
out of plane de-
formation)

6 1147 m 1146 m 1142 m 1148 m v(C-N-C)
7 2920 m 2960 m 2935 m 2995 m, 2910 m v(C-H) aliphatic

av(Zr—Cl) and v(Zr-S) overlap to give a single broad band.
characterising 7-CsHs and m-CH3 CsHy rings.

bands due to the dithiocarbamate ligands are masked
by cyclopentadienyl (and methylcyclopentadienyl)
bands, but several assignments are possible. The
‘thioureide’ band (C=:-N) near 1500 cm™' is very
characteristic of dithiocarbamates. The frequency of
this band lies between that for C-N (12501350
cm™) and C=N (1640-1690 cm™) which suggests
that this bond has some double bond character. Table
III shows that both the complexes exhibit just one
C-N band and one C-S band. It is assumed from this
evidence that the C—S bonds are most likely equi-
valent. The spectra, therefore, indicate bidentate
dithiocarbamate attachment. Fay er al [5] have
described the X-ray diffraction of (n°-CsHs)Zr[S,-
CN(CHs),; 15 in which, because of the relatively small
size of the cyclopentadienyl group, it is considered to
occupy single axial coordination site in a pentagonal
bipyramidal structure. On this analogy the cyclo-
pentadienyl and methylcyclopentadienyl groups in

POverlaps with ¥(C—H) (in plane bending) band.

®Infrared band

the compounds included in this communication are
assumed to occupy single coordination site.

On the whole then, the infrared data favour a five-
coordinate structure for the above four compounds.

Nmr Spectra

Table 11 lists the positions of the resonance signals
observed in the nmr spectra of the compounds. The
observed nmr spectra favour a trigonal bipyramidal
structure (with the two cyclopentadienyl and two
methylcyclopentadienyl groups in frans-positions)
for the above compounds.

The resonance signal due to the CsH4 portion of
n-CH1CsH, is observed as a comparatively broad peak
with some fine structure. This is probably due to the
presence of the CH; group on the ring.

The intensities were determined by planimetric
integration of these spectra. The integrated proton
ratios correspond to the formula Cp,Zr(S;CNR;)C1
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and (MeCp), Zr(S,CNR,)Cl (R = Me, Et). Because of
the symmetry involved in the above structure, it is
not possible to discuss the stereochemical rigidity or
non-rigidity in the dithiocarbamate portion of the
complexes (because the same number of resonance
signals for R groups will be observed whether S;C—N
bond rotation is slow or fast).
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