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summary 

Phenylzirconium trichloride has been isolated as its tetrahydrofuran adduct 
PhZrCIB - 3thf (I). The-reaction of I with a range of nitrogen, phophorus and sul- 
phur ligands gave products of stoichiometry PhZrC& - thf - L (L = 2,2’-bipyridyl, 
4,4’-bipyridyl, 2methylpyridine or tiphenylphosphine) and PhZrCL - thf - 2L’ 
(L’ = pyridine, PhCN or 1,4thioxan). Reaction of I with methyl cyanide gave 
PhZrCIJ- BCHJCN, which reacted with bide&ate donors to give complexes of 
formula PhZr&- L (L = 2,2’-bipy, 4,4’-bipymor PhzPCH2CH2PPh2). The adducts 
were characterised by ana&sis, NMR and infrared spectroscopy. 

Introduction 

A range of adducts of RTiC& are known, the most widely studied being 
ISJeTS& [l-3], but in contrast there are few reports of analogous zirconium 
species. RZrC13 (R = CHs, CzHS and C3H,) have been reported to be formed in 
toluene at 0” and &ZrXz- 2,2’-bipy has been isolated [4]. Our attempts to syn- 
the&e CH3ZrC13 were unsuccessful but we were able to prepare PhZrCIB as its 
tris-tetrahydrofuran adduct. The only related reports of phenylzirconium species 
discuss the preparation of PbZr (which was not isolated because of its thermal 
instability) and the etherate of PhzZr [ 53. 

ResuIts and discussion 

PhZrC&- 3thf [I) is formed when equimolar amounts of zirconium teka- 
chloride and phenylmaguesium chloride are reacted in toluene at 09 The yellow- 
brown solid I is extremely sensitive to air and moisture so that carbon and 
hydrogen analyses were precluded. However, the compound showed no mea- 
sureable decomposition when stored under nitrogen at room temperature over 
a period of several hours. This thermal stability is in conkast to that reported 



0 

$ 0 ” 

I’ 

t 

I 
I 

ea ea ea N 

a 
6 
* . 
s 



TABLE 2 

NMR SPECTRA IN CHZC~Z~ 

1.2-Bisfdiphenylphosphino)ethane 
PhzrCl3 - dppe 

d 

267 

d 

2.70d 

2.69 

265d 

6.20 (@protons). 8.30 @ProtO& 

5.95 (wprotons). 8.04 wprOtOns). 7.27 (~~31 

6.10 @-protons). 8.10 @-Proto@ 

6.00 (ci-pvtons), 8.15 @-protons~. 
6.10 (CH2-0). 7.20 <CH+) 

6.75e (CH2-P) 

= CH~C12 used as an interoal standard (r 4.67), see ref, 10. b~ protons refer to thf resonances. =Phenyl 
resonance appeared as a broad singlet. CgHg in CH2CI2 resoknce at (7 2.57). &Aromatic protons of phenyl 
bonded to zirconium indistinguishable from l&and resonances =Signal observed as a complex multiplet. 

for tetraphenylzirconium [ 51 and adducts of methyltitanium trichloride [ 21. 
From its formulation the most likely stereochemisties for I are a seven- 
coordinate complex (of which there are a number of examples known for zir- 
conium(IV) [6]), or six-coordinate species with either an uncoordinated mole- 
cule of tetrahydrufuran, or an ionic species with Cl- in the lattice. Unfortunate- 
ly throughout this study we were unable to obtain molecular weight or con- 
ductivity measurements b&cause I and the other products are not soluble in 
suitable solvents. The infrared spectrum of I indicates that a.?3 three molecules 
of tetrahydrofuran are coordinated (Table 1). Thus v,,,,(COC) is found at 
1025 CM-~ and vs,,(COC) i3.k 2332 ti’ (tiee li.gaml lxm&i at UE9 and 911 
cm-‘}. vi?-Y?z NMR spwm also indieah thatc ror>ml2ation has t&m pbx? 
(Table 2). The a methylene resonances have shiften by 7 0.50 and fi methylene 
resonances of r 0.20 and indeed the positions of the resonances exhibited by I 
are comparable with those of ZrCl,~ 2thf (Table 2). 

I is soluble in tetrahydrofuran &.nd by its reaction with a range of ligands 
compounds of formula PhZrC13- thf - L (L = 2,2’-bipyridyl, 4,4’-bipyridyl, 
Bmethylpyridine or triphenylphosphine) and PhZrC13 - thf - 2L’ (L’ = pyridine, 
PhCN, or 1,4thioxan) were obtained. (See Table 1 for analytical data.) As 
X&h I it-is diffir&% $0 &gn s&%!SctiW ti %X3X? species. 1, i& ti?Xses S2e 
l&and infrared spectra show L and L’ to be coordinated. For example in the 
pyridine type bases the infrared bands that are ca 1580 cm-’ in the free ligands 
move to higher frequency. 1,4Thioxan is capable of a number of modes of 
coordination. These are, as a bidentate donor through both the oxygen and 
sulphur atoms, or singly through either of the two donor atoms. The infrared 
spectrum of PhZrC13- thf - 2thiox shows the COC modes to be in the position 
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Experimental 

General 
All operations were carried out on an all-glass vacuum line. Samples for the 

measurement of spectra were prepared in a dry-box. NMR spectra were obtain- 
ed on a Vatian T60 and infrared spectra with a Per-kin-Elmer 457. Analyses 
were carried out using conventional classical methods. 

(i) PhZrClg 3thf (r) 
Equimolar quantities (0.05 mol) of zirconium(IV) chloride and phenyl- 

magnesium chloride (prepared in thf) were allowed to react in toluene (100 ml) 
at 09 After four hours the resulting brown solution was filtered free from mag- 
nesium halides and any unreacted zirconium(N) halide. The solvent was re 
moved at the pump to give a yellow-brown solid which was stored at - 80” 
under nitrogen. 

(ii) PhZr&- thp 2,2’-bipy, PhZtX&- thfi4,4’-bipy, and PhZr&- thf -2py 
Excess of the ligands (0.03 mol) were allowed to react with 0.01 mol of I 

in 30 ml of thf at room temperature. The solid products were filtered off and 
thoroughly washed with fresh thf. The products were pumped for 2-3 h. 

(iii) PhZrCl,- thf-(2mpy), Ph.ZrCI,- thf- tpp, PhZrCl,- thfi2PhCN, PhZrCl,. thf- 
2thiQxan 

Stoichiometric amounts of ligand and I (0.01 mol) were allowed to react 
at room temperature for 3 h. The resulting solids were isolated by filtration, 
washed with n-per&me and pumped to dryness. PhZrClr,- thf- Zthiosan was pre- 
pared similarly to the above using a l/2 molar ratio of I to ligand with benzene 
as the solvent. 

(iv) PhZrC13-BCHSCN, PhZrCIS - 2,2’-bipy, PhZrCIS - 4,4’-bipy and PhZrC13- dppe 
Compound I was dissolved in neat methyl cyanide and stirred for two 

days at 0”. A grey solid that analyses showed to be PhZrCls - ZCHsCN was iso- 
lated by filtration. Stoichiometric amounts of L (L = 2,2’-bipy, 4,4’-bipy or 
Ph2PCH&H2PPh2) and PhZrCls - ZCHsCN were allowed to react in benzene at 
ambient temperature for 2 h. The products PhZrC&- L (L = 2,2’-bipy, 4,4’-bipy 
or Ph2PCH2CH2PPh2) precipitated from solution and were isolated by filtration. 
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