
Polykxf~~~ Vol. 3, No. 5, pp. 61 I-61 3, 1984 
Printed in Great Britain. 

02%f387/84 $3.00 + .Xl 
0 1984 Pergamon Press Ltd. 

NOTE 

MONO- AND BISP~EN~XY DERIVATIVES OF 
BIS(IN~ENYL)ZIR~ON~~(IV) 

B. KHERA and N. K. KAUSHIK” 
Department of Chemistry, University of Delhi, Delhi, 110007, India 

Abstract-A series of (C,H,),Zr(OAr)Cl and (C,H,),Zr(OAr), complexes, where 
Ar = C,H,, P-ClC,H4, 01-Cr0H7, or /I-C,,H,, have been synthesised by the reaction of 
bis(indenyl)zirco~~(IV)-dichloride with an appropriate phenol in a 1: 1 and I:2 molar 
ratio in refluxing benzene in the presence of triethylamine. These complexes have been 
characterised by elemental analyses, conductance measurements and spectral (IR, 
‘H NMR and electronic) studies. 

The organometallic chemistry of titanium has been 
extensively developed over the past three decades, 
while that of zirconium is only now beginning to 
be developed. Organo-ti~nium compounds are 
known as catalysts for the pol~e~sation’,’ and 
hydrogenation 3,4 of olefins and dienes. Transition 
metal phenoxides on the other hand have been 
used as olefin polymerisation catalysts in many 
organic reactions.5 Some phenoxo and diphenoxo 
derivatives of bis(cyclopentadienyl)/(methyl cy- 
~lopentadienyl)titanium(I~ and ~rconium~IV) 
have been reported. 6-r’ However, reactions of bis- 
(indenyl)zir~onium~IV)dichlo~de with phenols 
have not been reported previously. The present 
work describes the preparation and character- 
isation of such compounds. 

EXPERIMENTAL 

Reagents and general techniques 
All the reagents used were of analytical 

grade. Bis(indenyl)zirconi~(IV~ dichloride, 
(C,H,)JrCl, was prepared by the reaction of in- 
deny1 thalli~~I~12 and zirconium tetrachlo~de in 
anhydrous tetrahydrofuran in a 2: 1 molar ratio. 
THF (Baker, AR) was dried over sodium metal 
and then boiled under reflux until it gave a blue 
colouration with Ph,CO. It was finally dried by 
distillation from LiAlH,. Benzene and tri- 
ethylamine were dried as reported in the litera- 
t&e.‘3 Nitrobenzene for conductance mea- 
surements was purified by the method described by 
~+ _’ 
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Fay et ~1.‘~ Zirconium was dete~ined gravimetri- 
tally as its oxide whereas chlorine was estimated as 
silver chloride. 

Conductance measurements were made in nitro- 
benzene at 30 5 O.OS”C using a Systronic Digital 
Direct Reading Conductivity Meter Type 304. IR 
spectra in the region 400&200 cm-’ were recorded 
as KBr discs using a Perkin-Elmer 621 spec- 
trophotometer. The proton NMR spectra were 
determined using Perkin-Elmer R-32 spectrometer 
(with TMS as internai standard). Electronic spec- 
tra of the complexes in chloroform were recorded 
on a Perkin-Elmer UV-visible spectrophotometer, 
Model 554. 

Preparation of the complexes 
(1) (C,H,),Zr(OAr)CI. All operations were car- 

ried out under strictly anhydrous conditions. An 
appropriate phenol (5 mmol) in 20 cm’ benzene 
was added to a solution containing bis(indenyI)- 
zirconium(IV)dichlor (C,H,),ZrCl, (5 mmol) 
and Et3N (8 mmol) in 40cm3 benzene. The reac- 
tion mixture was refluxed for 4 hr and then 
allowed to cool at room tem~rature~ The pre- 
cipitate of Et,N - WC1 was filtered and the 
filtrate so obtained was concentrated to about l/3 
of the initial volume under reduced pressure. An 
excess of petroleum ether (40-6O’C) was added to 
the con~ntrated filtrate and the mixture was al- 
lowed to stand for some time when crystals of the 
product separated out. These were filtered, washed 
with ether and dried under vacuum. 

(2) (C,H,),Zr(OAr),. A solution of (C9H,),ZrC1, 
and an appropriate phenol in a 1:2 molar ratio in 
benzene containing E&N was refluxed for 4 hr and 
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the product was isolated by a similar method as 
described for (GH,),Zr(OAr)CI. 

(GH,),ZrCl, + 2ArOH + 2Et3N 3 

(C,H,),Zr(OAr), + 2Et3N. HCl 11 (2) 
RESULTS AND DISCUSSION 

Dichlorobis(indenyl)zirconium(IV), reacts with where Ar = C,H,, p-ClC6H4, or-CllOH, or /M&H,. 
phenols in a 1: 1 and 1: 2 molar ratio to yield All the complexes form yellow to yellowish- 
complexes of the type I and II, respectively accord- brown crystals. The compounds so obtained de- 
ing to the following equations: compose slightly in air to brown amorphous solids 

over a period of several days. These are soluble in 

(C,H,),ZrCl, + ArOH + Et,N % 
common organic solvents, viz. benzene, nitro- 
benzene, dichloromethane, chloroform, carbon di- 

(C,H,),Zr(OAr)Cl + Et3N - HCl I (1) sulphide, ethanol and acetone. It is evident from 

Table 1. Analytical and physical data 

Ylald 

($1 

60 

64 

70 

68 

66 

62 

Dec. temp.') Colrdll0knClBb~ _ElsmDtalanalyrr $ 

(OC) h! x 103= 0.6 
hlmd(c810.) 

Zr Cl 

159-162 0.32 20.l2mO.26) 7.20(7.89) 

117..ll9 0.24 18.72(18.84) 14.76(14.66) 

97-99 0.28 18.2OWL26) 7.16f7.10) 

103-D6 0.22 lB.l2n.8.26) 7.06(7.10) 

170-172 0.30 17.W17.98) 

IBM.32 0.24 l6.73(16.83) 12.3702.32) 

(C,$)gr(d -OClo$), 66 86-87 0.30 l5.06(16.02) - 

(c9$)2W~-fJclo27L7)2 70 138-137 0.26 14.WX16.02) 

') Uncorreoted ralueq b) ln ohm-l cm2 mol.'1 

Table 2. Characteristic IR bands 

Comply .$(Zr-Cl) iJczr-o-C) 3(C-m Q(C-C) .3(C-H) Ixc-A) 

rtrrto- a-o- in plane bending out 

E % 
trio beading 
ring %~oLl 
breathing 

(c95&4r~0c6Fgk1 360(m) aohll) 3020(e) 146Ob) 1020(3 820(v) 

(cgR,Lt)2Zr(W6H4Cl)Cl 320(m) 626(m) 3llO(N 1440(m) 1010 (ml 835(m) 

(c,$~p(44C10$7)C1 386(r) 630(m) 3100(r) 1460(m) 1026(m) 820(v) 

(cgIS+p(b J)C10H7)c1 380(m) 630(m) 3080(s) 1446(m) 10166(m) 840(a) 

(c,$)2WOc626)2 636(m) 3086(r) 1460(m) 1020(a) 840(m) 

(C92$2"r(oC#4Cl)2 - 620(m) 3080(s) 1460(m) lolO cow 

(cg+p(oC-QcloR+2 - 626(n) 3lOO(r) 1440(m) lOl6(a) S30(3 

(cg&+p(/3 -OClo!t$2 - 630(m) 3026(r) 1458(m) 1010(m) 826(m) 

(11 = strnmg, Cm) = modlum, (WI = vook 
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conductance measurements in nitrobenzene that 
the compounds are non-electrolytes. The analytical 
and physical data of the complexes are given in 
Table 1. 

The assignment of characteristic IR frequencies 
for the complexes are listed in Table 2. The C-H 
stretching frequency at - 3080 cm-’ in the com- 
plexes is indicative of the indenyl group.” The 
perpendicular hydrogen wagging vibration around 
840 err-‘, the parallel hydrogen wagging mode at 
- 1015 cm-‘, the band due to C-C stretching and 
ring breathing mode of n-bond at - 1450 and 
-116Ocm-‘, respectively, further confirm the 
presence of the indenyl group.15 The bands occur- 
ring at - 630 cm-’ may be assigned to the Zr-O-C 
group.16 Besides these, the (C,H,),Zr(OAr)Cl com- 
plexes also absorb at -380 cm-’ due to Zr-Cl 
band. 

Proton magnetic resonance spectra of the com- 
plexes were taken in deutero-chloroform. The res- 
onance signals due to indenyl protons overlap with 
that of phenoxy ring protons. Thus, a complex 
multiplet appeared in the region 66.70-7.80ppm 
and these groups could not be identified separately. 

The electronic spectra of all the complexes 
recorded in chloroform exhibit a single band in the 
region 24775-24225 cm-‘. Absence of a d-d transi- 
tion rules out the presence of any unpaired elec- 
tron in the zirconium ion confirming the quad- 
rivalent state of zirconium.“*‘* 
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