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Summary 

The reactions of bis(cyclopentadienyl)titanium(IV) chloride 
( C5H5)s TiClz with o-hydroxy oximes (OXHz) in THF/benzene (molar 
ratio 1 :l) in the presence of triethylamine (2 moles) at room temperature 
lead to the formation of derivatives of the type (C5H5)aTi(OX), where 
OXHs is 2-hydroxy-5-methyl acetophenone oxime, 2-hydroxy-5-methyl 
propiophenone oxide, 2-hydroxy-5-methyl butyrophenone oxime, salicyl- 
aldoxime or cr-benzoin oxime. Reactions of (C5H5)sTiC12 with glyoxime 
(GH,) and a-benzildioxime (DPGH,) at various molar ratios and under 
various conditions always gave (C,H,),Ti(G) and (Cr,Hs)zTi(DPG), respec- 
tively, whereas with dimethylglyoxime (DMGHz) under similar conditions 
(Cr,Hr,)zTi(DMGH)s was obtained. These complexes have been characterized 
by elemental analysis, IR and electronic spectra. Molecular weight deter- 
mination in benzene indicated that the complexes were monomeric. 

1. Introduction 

Much work has been carried out on the oxime derivatives of aluminium 
[l] , titanium [ 21, zirconium [3] and tin [4]. These complexes are reported 
to be of great industrial importance [ 51 and useful as fungicides, bacteri- 
tides, flame-retarding additives, polymerization catalysts etc. 

A survey of the literature revealed that no work has been done on the 
reactions of (C5H5)zTiC12 with oximes. It was therefore considered of 
interest to carry out systematically reactions of (C,H,)sTiCl, with various 
types of oximes. On the basis of elemental analyses, molecular weight deter- 
minations, IR and electronic spectra, it was concluded that the complexes 
are obtained by replacement of the hydroxy hydrogen of oximes by an 
organometal moiety of the titanium metal. Reactions were facilitated by the 
presence of a suitable hydrogen chloride acceptor such as triethylamine, 
pyridine etc. The reactions may be represented by the following equations: 
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OH 

(C5H5)2TiC12 + + 2(CzH,)aN- 
R C= NOH 

R’ 

+ + 2(C2H6)3N* HCl 

JR, R 
0 

where (a) R’ = H, R = H; (b) R’ = H, CH3, C2H5, C3H7, R = CH3. 

(C6H6)2TiC12 + R-C C-R + 2(C2H5)3N - 

!.JOH OH R 

“N=,-R 
/ 

-+ (CsHs)zTi 
\ 1 

+ 2(C2H5)3N*HCl 

N=C-R 

O/ 

where R = H, CsHs 

(1) 

(11) 

(C6H6)2TiC12 + CH,-C-C -CH3 + 2(C2H5),N--+ 

kOH kOH 

+ (C5J3512 + 2(C2H5)3N* HCl (III) 

Complexes of type (I) were pale or deep brown amorphous solids which 
were appreciably soluble in benzene, tetrahydrofuron, chloroform, acetone 
etc. The dioximates (II) and (III) were pale or deep yellow insoluble 
complexes. Owing to the insoluble nature of these complexes, their 
molecular weights could not be determined. 
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2. Experimental 

2.1. Materials 
THF (BDH) was dried by distilling it over lithium aluminium hydride. 

Benzene and titanium tetrachloride were purified by a method described in 
the literature [6]. (C5H5)zTiC12 was prepared by a known method [7]. 
A.R. grade DMGH, and glyoxime were used in the synthesis of complexes. 
o-benzildioxime was prepared from benzil by a method given in the literature 
[8] . o-hydroxy ,oximes were prepared according to a known method [9]. 
Triethylamine was purified by a known method [8] . 

2.2. Apparatus 
Glass apparatus with interchangeable standard joints was used through- 

out this work; stringent precautions were taken to exclude moisture from 
the system. 

2.3. Analytical methods 
The titanium content of the complexes was determined as TiOs [6]. 

Nitrogen was estimated using the Kjeldahl method; chlorine was determined 
as silver chloride. 

2.4. Reaction of (C5H5)2TiC12 with 2-hydroxy-5-me thy1 acetophenone 
oxime (molar ratio 1:l) 

A mixture of (CsHs)s TiClz and 2-hydroxy-5-methyl acetophenone 
oxime in a 1:l molar ratio and 2 moles of triethylamine was stirred in THF/ 
benzene for about 48 h at room temperature. The reaction mixture was 
filtered to remove triethylamine hydrochloride and the clear filtrate was 
evaporated to dryness under reduced pressure. The residue was washed 
several times with petroleum ether (60 - 80 “C) and dried. The complex was 
recrystallized from a THF/petroleum ether mixture (yield 78%). Analysis 
showed: Ti, 13.84; N, 4.56%. (C5H5)zTi(CsHsNOz) requires: Ti, 14.05; N, 
4.47%. For the sake of brevity, the reactions of (C5H5)2TiC12 with other 
o-hydroxy oximes are summarized in Table 1. 

2.5. Reaction of (C6H& TiCI, with dimethylglyoxime using excess triethyl- 
amine 

Various amounts of (CsH& TiClz and DMGHz and an excess of tri- 
ethylamine were mixed in benzene. The mixture was stirred at room temper- 
ature for about 45 h to ensure a complete reaction. The insoluble complex 
and triethylamine hydrochloride were removed by filtration. Unreacted 
DMGHz, if present in the residue, was removed by extraction with THF. The 
triethylamine hydrochloride was removed by dissolving the mass in dichloro- 
methane leaving the insoluble compound. Analysis showed: Ti, 11.75; N, 
13.20%. (C5H5)2Ti(C4N202H7)2 requires: Ti, 11.73; N, 13.72%. Other reac- 
tions of (C5H5)zTiC1z with glyoxime and cu-benzildioxime are given in 
Table 2. 
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2.6. Physical measurements 
The molecular weights of the soluble complexes were determined using 

a Gallenkamp ebulliometer (W.G. Pye & Co. Ltd., Cambridge, England). The 
IR spectra of the complexes and ligands were recorded on a Peikin-Elmer IR 
621 spectrometer in KBr over the range 4000 - 200 cm-‘. The electronic 
spectra of the complexes were recorded on a Perkin-Elmer 4000A spectro- 
meter over the range 400 - 750 nm. 

3. Results and discussion 

The stoichiometry of the reactions and the molecular formulae of the 
complexes (I), (II) and (III) suggest that all the oximes except DMGHz 
behave as dibasic ligands. Both the hydrogen atoms of the hydroxy and 
oxime groups are replaced, giving rise to five- or six-membered rings. The 
monobasic behaviour of DMGHz is probably due to its low acidity compared 
with that of glyoxime and (Y-benzildioxime. Methyl groups, being electron 
donating, decrease the acidic nature of the oxime group which is enhanced by 
phenyl groups in the case of a-benzildioxime. It is also suggested that CY- 
benzildioxime isomerizes to y-benzildioxime [lo] which is dibasic in nature. 

3.1. IR spectra 
The important IR frequencies are given in Table 3. The presence of 

cyclopentadienyl groups in the complexes is indicated by the usual peaks in 
the IR spectra. The two bands at 1150 cm-l and 1025 cm-’ are assigned as 
a ring breathing mode and a parallel (in-plane) wag frequency, respectively. 
The band at 815 cm-l is due to a C-H out-of-plane deformation and the 
band at 1440 cm-’ is assigned to an asymmetric u(C-C) [ll]. 

The IR spectra of the oximes exhibit a band at 3300 cm-’ which is 
assigned to u(O-H); this vanishes in the complexes except in the case of the 
complex with DMGH, where it is retained. It is a broad band and is due to 
inter-molecular and intra-molecular hydrogen bonding. The non-conjugated 
v(C=N) band normally appears in the range 1690 - 1650 cm-’ [12]. 
Conjugation shifts it to a lower frequency and it appears around 1630 cm-’ 
in Schiff’s bases [13]. In the spectra of all ketooximes and salicylaldoximes 
there are two strong sharp peaks at 1625 cm-’ and 1612 cm-’ which are 
missing from the spectra of the complexes. These bands are assigned to O-H 
deformations. The broad/medium band at 1585 cm-’ in ligands shifts to a 
lower frequency (around 1530 cm- ‘) in the complexes and can thus be 
assigned to Y(C=N). Similar observations have been made by Birader et al. 
[14]. The lowering of v(C=N) indicates that the bond order of the C=N 
bond decreases and the nitrogen atom coordinates to titanium metal. The 
large shift of C=N from the normal value of 1650 cm’-’ to 1570 cm-’ in 
the ligands appears to be due to factors such as resonance, conjugation or 
coupling with C= C and hydrogen bonding [ 141. A broad medium intensity 
band at 1280 cm-’ in ligands is regarded as being due to v(C-0) + 6 (C-H) + 
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6 (N-O) vibrations [ 141. The bands in the regions 1235 - 1190 cm-’ and 
968 - 935 cm-’ in the complexes are assigned to v(N-0). In the cases of 
glyoxime and a-benzildioxime, the two N-O bands are unequal; this 
probably indicates two different types of N-O linkage. In the complex with 
dimethylglyoxime the two N-O bonds are unequal [15] : one of the O-H 
groups is ionised and the other is not. In the case of bis(cyclopentadieny1) 
titanium bis(dimethylglyoximate), the various bands are in positions 
identical with those of the nickel and palladium dimethylglyoximate 
complexes [ 151 , indicating close structural similarities. In the case of 
dimethylglyoxime complexes, the splitting of the O-H bands suggests that 
the hydrogen bond involved is not of a symmetrical type [15]. The bands in 
the regions 560 - 530 cm-’ and 440 cm-l are attributed to v(Ti-N) [17] and 
v(Ti-0), respectively. 

3.2. Electronic spec tm 
The electronic spectra of all these complexes have been recorded in 

chloroform and in Nujol. All the spectra show a single band in the region 
24 725 - 24 375 cm-l which can be assigned to the charge transfer band 
[16] and is in accord with their (n - l)d”nsO electronic configuration. 
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