
135 

Journal of Organometallic Chemistry, 332 (1987) 135-139 
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

Some new organozirconium( IV) compounds 
with IV-( aryl) -2-mercaptoacetamides 

Satish C. Dixit, Ram Sharan, and Ramesh N. Kapoor * 

Department of Chemistry, University of Delhi, Delhi-11GQ07 (India) 

(Received February 25th, 1987) 

Abstract 

Reactions of dichlorodicyclopentadienylz.irconium(IV) with various stoichiomet- 
tic proportions of mercaptoacetamides have been examined. Complexes of the type 
Cp,Zr(MA)Cl and Cp,Zr(MA), (Cp = Cyclopentadienyl and MAH = N-(aryl)-Z 
mercaptoacetamide; aryl = phenyl, o-tolyl, m-tolyl, p-tolyl, a-naphthyl or 3,5-di- 
methylphenyl) were obtained, and were characterized by elemental analysis and by 
‘H NMR, variable temperature ‘H NMR, IR, and electronic spectral data. 

Inlmduction 

There has been an enormous upsurge of interest in the chemistry of transition 
metal complexes containing nitrogen-oxygen-sulphur chelating ligands [1,2]. This 
may be attributed to the reported carcinostatic and antiviral activity of several such 
ligands and their complexes [3-51. We describe here the results of a study of the 
reactions of Cp,ZrCl, with various mercaptoacetamides aimed at investigation of 
the possible coordination sites of ligands in the complexes. The mercaptoacetamides 
used were as follows: 

rl 
R-NH-C-CH,-SH 

R = phenyl (PMAI-I), R = o-tolyl ( O-TMAI-I), R = m-tolyl (m-TMAH), R = p-tolyl 
( p-TMAH), R = cy-naphthyl (NMAI-I), R = 3,5-dirnethylphenyl (DMPH). 

Results and discussion 

The reaction of dichlorodicyclopentadienylzirconium(IV) with N-(aryl)-2- 
mercaptoacetamides in l/l and l/2 molar ratio in anhydrous THF in the presence 
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of triethylamine are represented by the following equations (where MA- represents 
the anion of the corresponding bidentate mercaptoacetamide, MAH): 

Cp,ZrCl, + MAH + Et,N 3 Cp,Zr(MA)Cl + Et,N - HCl 
emp . 

Cp,ZrCl, + 2MAH + 2Et3N 3 Cp,Zr(MA), + 2Et,N. HCl 
emp . 

All the complexes are crystalline, and extremely sensitive to hydrolysis. These are 
soluble in tetrahydrofuran and chloroform, but insoluble in n-hexane and petroleum 
ether. 

The IR spectra of the complexes show the usual absorptions due to cyclopenta- 
dienyl groups at - 3100 cm-’ (v(C-H)), - 1435 cm-’ (v(C-C)), - 1020 cm-’ 

(&,.(CH)) and - 810 cm-’ (&,,(CH)) [lo]. The persistence of the bands of 
cyclopentadienyl rings in the complexes indicate that these groups are m-bonded to 
the metal and retain their aromatic character. The IR spectra of the ligands show a 
medium intensity band in the region 3280-3240 cm-’ which is assigned to v(NH) 
[ll]. The complexes give a v(NH) band in almost the same region, which suggests 
that the amide group nitrogen is not involved in the coordination to the metal. 
Mercaptoacetamides show a weak band in the region 2560-2500 cm-‘, attributable 
to v(SH) [12] and disappearance of this band in the spectra of the complexes 
indicates the deprotonation of thiol-S. The ligands show medium to strong bands in 
the regions 1645-1640, 1545-1530, 1280-1270,720-685 and 610-590 cm-’ which 
may be assigned to amide-I (y(C=O)), amide-II (v(CN) + 6(NH)), amide-III 
(v(CN) + 6(NH)), amide-V (&_$==O)), and amide-IV (S,,,,(C=O)), respectively 
[13]. In the complexes amide-I, the ~(0) band appears at lower frequencies 
(1630-1600 cm-‘); this downward shift indicates a decrease in the carbon-oxygen 
bond order and coordination of the carbonyl oxygen of the amide group to the 
metal. However, there are other amide bands in almost the same region, which 
confirms that the amide nitrogen does not participate in the coordination. The band 
at - 450 cm-’ can be assigned to v(Zr-0) [14]. 

‘H NMR spectra (see Table 2) of all the complexes show a signal due to 
cyclopentadienyl groups at - 6 6.3 ppm [15,16]. The ‘H NMR spectra of the 
mercaptoacetamides recorded in deuterated chloroform show a triplet in the region 
S 2.2-1.9 ppm due to the SH proton, but this signal is absent for the corresponding 
zirconium complexes, which confirms the deprotonation of the ligands in the 
complexes. The appearance of a singlet from the NH proton in the same region 6 
8.3-8.0 ppm, for both of the ligands as well as for the complexes, shows again that 
the nitrogen is not involved in bonding. The integrated proton ratios were as 
expected for the formulae assigned to the complexes. 

Variable temperature (- 50 to + 50 o C) ‘H NMR spectra recorded for a repre- 
sentative of each of the two classes of compounds show only a singlet for the 
methylene protons at all temperatures. 

The electronic spectra of all the complexes were recorded with chloroform 
solutions and the data are shown in Table 1. The fairly intense bands between 294 
run and 247 nm can be assigned to a charge transfer band [17], and is in accord with 
the (n - l)d’, .s” electronic configurations of the complexes. 
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Table 1 

Characterisation data 

Complex M.P. Colour Analysis (Found (Calcd.) (S)) &naX (m@ 

(“C) Zr C H N Cl 
(in CHCl 3) 

(C,H,)2Zr(m-TMA)Cl 110 Grey 20.78 52.04 - 3.9 8.08 250.8 

125 

145 

143 

115 

138 

110 

110 

178 

160 

180 

205 

Dark Grey 

(20.89) (52.21) 

15.53 - 
(15.69) 

20.61 - 
(20.89) 

15.71 57.4 
(15.69) (57.81) 

20.77 - 
(20.89) 

15.64 - 
(15.69) 
21.1 - 

(21.58) 
16.29 57.04 

(16.49) (56.4) 

19.03 - 
(19.30) 
13.86 59.23 

(13.96) (62.46) 
20.18 - 

(20.24) 

14.88 61.13 
(14.97) (59.09) 

(3.21) (8.13) 
- (E) 

- 
259.8 

Light Orange 

Light Brown 

Yellowish 

Brown 
Yellowish 
Brown 

Chocolate 

Cream 

Light 
chocolate 

Cream 

4.08 - 8.06 255.6 

(4.58) (8.13) 
5.26 - - 254.8 

(5.16) 

8.02 255.8 
(8.13) 

4.38 - 257.0 

(4.82) 
4.0 3.54 8.18 247.2 

(4.26) (3.31) (8.40) 
4.16 5.08 - 253.2 

(4.7) (5.06) 
7.43 282.4 

(7.51) 
4.47 4.88 - 294.0 

(4.59) (4.29) 

Light 
Brown 

Cream 

- 7.8 253.2 
(7.88) 

- (:::) 
- 

256.0 

From the elemental analyses and spectral data, it appears that mercaptoaceta- 
mides behave as monofunctional bidentate (0,s) chelating ligands. The penta- and 
hexa-coordinated structures A and B are tentatively proposed for the complexes of 
the type Cp,Zr(MA)Cl (A) and Cp2Zr(MA), (B): 

(A) (8) 

/\ 

OwS 

= anion of bidcntate mcrcaptoacetamidc 
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Cotton et al. [18] showed by crystallographic studies that in (C,H,),Ti two 
cyclopentadienyl rings are pentahapto and the remaining two monohapto, thus 
giving a 16 electron system. In the case of Zr(C5H5)4 Cotton et al. concluded one 
cyclopentadienyl ring is monohapto, one ring pentahapto, and the other two rings 
act as 4-electron donors, leading to an l&electron system, this conflicts with the 
view of Kulishov et al. [19,20], who suggested that in Zr(C,H,), there are three 
pentahapto-cyclopentadienyl rings with the fourth ring monohapto, leading to a 
20-electron system. We suggest by analogy with the conclusion of Cotton et al. [18], 
that in the complexes Cp,Zr(MA),, one cyclopentadienyl ring is pentahapto and 
the other ring is a 3-electron donor, leading to an l&electron system. 

Experimental 

Sodium cyclopentadienide and dicyclopentadienylzirconium(IV) chloride were 
prepared by standard methods [6,7]. THF (Ferak, Berlin, West Germany) was dried 
by storage over sodium wire overnight and then refluxed until it gave a blue colour 
with benzophenone, and then was distilled from LiAlH,. n-Hexane and triethyl- 
amine were dried by standard methods [8]. Mercaptoacetamides were synthesized by 
condensation of thioglycollic acid with the appropriate arylamines [9]. Stringent 
precautions were taken to exclude moisture from the system and reactions were 
carried out under dry nitrogen with the system well-protected from atmospheric 
moisture by means of CaCl, guard tubes. 

Zirconium was estimated gravimetrically as ZrOz. Analysis for carbon, hydrogen 
and nitrogen were carried out at the central Micro-Anaytical Laboratory of the 
Indian Institute of Technology, Kanpur. Chlorine was determined as AgCl. The IR 
spectra were recorded in KBr pellets on a Shimadzu IR-435 spectrophotometer in 
the region 4000400 cm-‘. The ‘H NMR spectra (Table 2) were recorded on a 
JEOL-JNM-FXZOO Fourier Transform spectrometer with CDCl, as solvent. The 
electronic spectra of the complexes in chloroform were recorded on a Shimadzu 
UV-260 spectrophotometer. 

Table 2 

Proton chemical shifts (8, ppm) at room temperature 

Compound C,H, 

GW,Zr(m-TMWJ 6.32 

(C,H,),Wm-TM), 6.56 

(C,H,),Zr@TMWl 6.56 

(C,H,),Zr(p-Tm), 6.56 

(C,H,),Wo-TMWl 6.32 

(GHSWo-m), 6.56 

(C,H,)Jr(PMWl 6.6 

(C,H,)Jr(PM& 6.29 

(C,HSWJMWl 6.36 

(GHMWJM& 6.5 

(GHAZWMPW 6.32 

(C,H,),Zr(DMP), 6.52 

Aromatic 

@! 
7.4m 
7.32m 
7.32m 
7.32m 
7.4m 
7.32m 
7.4m 
7.4m 
7.32m 
7.6m 
7.32m 
7.32m 

NH CH3 CH, 

8.30s 2.32s 3.67s 
8.29s 2.36s 3.68s 
8.24s 2.32s 3.68s 
8.28s 2.36s 3.68s 
8.30s 2.36s 3.8s 
8.28s 2.28s 3.76s 
8.0s - 3.76s 
8.08s - 3.76s 
8.30s - 3.92s 
8.24s - 3.96s 
8.28s 2.32s 3.68s 
8.30s 2.28s 3.64s 
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Synthesis of complexes 
Reaction of dichlorodicyclopentadienylzirconium(IV) (1 mol) with N-(a#)-2- 

mercaptoacetamide (1 mol). A general procedure was followed to synthesize these 
complexes. To the solution of Cp,ZrCl, (0.48 g, 1.64 mmol; 0.71 g, 2.43 mmol) in 
dry tetrahydrofuran (- 80 ml) was added N-(aryl)-2-mercaptoacetamide (0.30 g, 
1.66 nunol; 0.53 g, 2.44 mmol) and triethylamine (0.17 g, 1.68 mmol; 0.25 g, 2.47 
mmol). The mixture was stirred for - 60 h at room temperature then precipitated 
Et,N - HCl was filtered off, and the solvent was removed in vacua. The solids 
obtained were recrystallised from a n-hexane/THF mixture. Details of the com- 
plexes are given in Table 1. 

Reaction of dichlorodicyclopentadienylzirconium(IV) (1 mol) with N-(a$)-2- 
mercaptoacetamide (2 mol). A common procedure was used for synthesis of all the 
complexes. To a solution of Cp,ZrCl, (0.15 g, 0.51 mmol; 0.56 g, 1.92 mmol) and 
N-(aryl)-2-mercaptoacetamide (0.11 g, 0.51 mmol; 0.69 g, 3.81 mmol) in dry THF 
(- 80 ml) was added triethylamine (0.10 g, 0.99 mmol; 0.39 g, 3.85 mmol). The 
subsequent procedure was as described above. Details of the complexes obtained are 
given in Table 1. 
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