
199 

Journal of Organometallic Chemistry, 121(1976) 199-203 
0 Elsevier Sequoia S-A., Lausanne - Printed in The Netherlands 

TITANOCENE AND ZIRCONOCENE DICHLORIDE DERIVATIVES WITH 
HYDROXYLIC REAGENTS 

P-C. BHARARA 

Chemical Laboratories, University of Delhi, Delhi-110007 (India) 

(Received May 25th, 1976) 

Summary 

The reaction of Cp,TiCl,? (Cp = C,H,) with ethanol in the presence of Et3N 
in acetonitrile yields the derivatives CpTiCl(OEt), or CpTiClz(OEt). Similar 
reactions of CpzMCll (M = Ti or Zr) with glycols (GH* = 1,2-propanediol, 2,3- 
butanediol, pinacol or hexylene glycol) or fluoro-p&ketones (KeH = hexa- 
fluoroacetylacetone(hfa), benzoyltrifluoroacetone (bta) or 2-thenoyltrifluoro- 
acetone (tta)) gave CpMCl(G) or CpMCl(Ke)2. 

Introduction 

The reactions of Cp,MC12 (M = Ti or Zr) with thiols yield products of for- 
mula Cp,M(SR), (M = Ti [l-4] or Zr [5,6]) in which both the chlorine atoms 
are replaced by -SR group. rn contrast, the reactions of Cp,TiCl* with ethanol 
under reflux has been reported by Nesmeyanov et al. to be more complex, lead- 
ing to formation of CpTiCl(OEt)z [7]. It thus seemed of interest to re-examine 
the reactions of Cp,TiCl* with ethanol, and to extend the study to reactions 
with other hydroxyiic species viz: glycols and fluoro-p-diketones. 

Results and discussion 

Treatment of Cp2TiC12 at room temperature with an excess of ethanol in 
acetonitrile in presence of Et3N yielded CpTiCl(OEt)a (eq. 1). 

Cp,TiCll + E$p_q + E&N + CpTiCl(OEt)a + EtsN - HCl + C5H6 (1) 

When only one mol of ethanol was used in the presence or absence of E&N, re- 
placement of the cyclopentadienyl group rather than chlorine occurs, with for- 
mation of CpTiClz(OEt): (eq. 2). 

Cp,TiCl* + EtOH + CpTiCla(OEt) + CSH, (2) 

If the reaction of Cp,TiCl* with an excess of ethanol in presence of EtsN is 
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‘&r&d out under reflux, titanium tetraethoxide_is formed:&ost quantitatively 
ac.<ording to eq. 3. .: 

Cp~‘-l?iClz~+ 4 EtOH + 2 Et3N 4.Ti(CEt), + 2-E&N I HCl + 2 C&H, (3). 

The replacement of one chlorine and-one Cp group ,&s alio observed in the 
reactions of CpzMC1z with glycols and fluoro+3ciiketonesi (Fr&rer- et al. [S] have 
already observed this behaviour in the reactions of &MCI2 with P&ketones.) 
The reactions of Cp,MQ with glycols in the molar ratio 1’ : 1 in atietonitrile in 
presence of E&N were carried out at the room temperature; . 

&MC12 + GH2 + Et3N + CpMCl(G) + Et3N - HCl + C&H6 (4) 
(1) 

where M = Ti or Zr; GH2 = 1,2-propanediol, 2,3-butanediol, pinacol or hexylene 
glycol. The products I (with GH2 = pinacol and hexylene glycol) have also been 
obtained by treatment of CpTiC13 with glycol in acetonitrile in presence of 
St-&_ 

Similar reactions at room temperature with fluoro-@liketones gave mono- 
meric, dark red compounds of general formula, CpMCl(Ke)2 (eq. 5), 

Cp*MCl:! + 2 KeH + Et3N + CpMCl(Ke)* + Et3N - HCl + CSH6 (5) 
<W 

where M = Ti or Zr: KeH = hfa, bta or tta. These products reacted further with 
an excess of glycol or hexafluoroacetylacetone under reflux to give the prod- 
ucts Ti(G)* and CpTi(hfa)3 as in eq. 6 and 7. 

CpTiCl(G) + GH, + ESN + Ti(G), + C,H, c Et3N - HCl (6) 

CpTiCl(hfa)z + hfaH + Et3N + CpTi(hfa), + Et3N - HCl (7) 

The failure of CpTi(hfa), to react with excess hexafluoroacetylacetone is prob- 
ably due to steric hinderance. In the case of glycol, the chelating effect would 
facilitate removal of the remaining Cp or Cl ligand attached to titanium in the 
intermediate product XTi(G)(GH). 

Experimental 

Moisture was carefully excluded in all the experiments. Benzene, aceto- 
nitrile and petroleum ether were dried by standard methods [9]. 1,2-Propane- 
diol (b-p. 188_9”C), 2,3-butanediol (b-p. 182?C), pinacol (b-p. 172”C), and 
hexylene glycol (b-p. 195°C) were distilled before use. Hexafluoroacetylace- 
tone (b-p. 63°C) and benzoyltrifluoroacetone (b-p. 224°C) were distilled be- 
fore u& 2-Thenoyltrifluoroacetone (m-p. 42°C) was used as supplied. Triethyl; 
amine (b-p. 89.4”C) was dried over KOH. Cp,TiClz, CpzZrClz and CpTiC13 (all 
Alfa-Inorganics) were also used as supplied_ Titanium and zirconium were 
estimated as their oxides and chlorine was estimated gravimetrically as silver 
chloride_ Molecular weights were determined osmometrically. IR were recorded 
on a Perkin-Elmer 337 with KBr plates. \ 
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1 Reaction of _CplTiCI, with ethanol tit rqom temperature in the molar ratio 
1. : 1 iri acetonitrile in presence of E&N (or absence of E&N) 
To CpZTiCi, (2.90 g) wti added -70 ml acetonitrile and ethanol (0.38 g). 

The mixture was stirred for -6 h and the acetonitrile was removed under vacua. 
Extraction with benzene, followed by removal of the E&N - HCL by filtration, 
evaporation of the solvent and drying of the residue at 3O”C/O.l mmHg for 24 h 
yielded a yell-ow solid (yield, 83%). (Found: Ti, 20.99; Cl, 30.99 CpTiC&(OEt), 
calcd.: Ti, 20.89; Cl, 30.97%) 

2 Redion of Cp2TiCI, with excess ethanol at room tempemture in acetonitrile 
in presence of E&N 
To the Cp,TiClz in -70 ml acetonitrile was added a mixture of E&N and 

TABLE 1 

REACTIONSOFCp~TiCl~ANDCp~~C1~WITHGLYCOLS<MOLARRATIOl =l=2)a 

Reactants(g) Natureofthe 
product 
yield (%) 

Analysisfound 

kakd.)~%) 

TilZr Cl 

Molecular 
complexity 

CPZTiCi2 
1.42 

cpTic13 

2.58 

cpzTici2 
1.62 

cpTic13 

2.01 

cp2=c12 
2.40 

cP2=c12 
2.00 

cP235C12 

2.60 

CpZTiCl2 
1.49 

cp2zICl2 
2.00 

cpz-c12 

254 

Hexyleneglycol 
0.681 

Hexykne gIyco1 
1.41 

Feacol 
0.779 

PinaCOl 

1.08 

Pinacol 

0.852 

Hexyleneglycol 

0.812 

1.2~Propanediol 
0.797 

2.3-Butanediol 

0.539 

1.2~Propanediol 
0.521 

'2.3-Butapediol 
0.784 

Brownsolid 
CpTi(Hexy.gly.)Cl 
88 

Brownsolid 
CpTifHexy.gly.)Cl 
so 

Reddishbrownsolid 
CpTi(pinacol)Cl 
88 

Reddishhrownsolid 

CpTi(E'inacol)Cl 
87 

Yellowsolid 

cPzrfE%acol)c1 
90 

Yellowsclid 

CPZr<Hexy.gly.)Cl 
91 

Lightbrownsolid 
CpTiCl(Prop.l.2-diol) 
78 

Lightyellowsolid 
CpTi(Buta.2.3-diol)Cl~ 
76 

Lightbrownsohd 
CpZr(Prop.l.2-diol)Cl 
79 
Lightyellowsolid 
CpZr(Buta.2.3-diol)Cl 
82 

17.81 13.35 
(18.10) (13.42) 

17.91 
(18.10) 

13.36 
(13.42) 

18.08 
(18.10) 

13.40 

(13.42) 

18.10 

(18.10) 

13.39 

c13.42) 

30.10 
(29.63) 

11.42 

(11.53) 

29.99 
(29.63) 

11.45 
(11.53) 

21.54 
(21.53) 

16.00 
f15.96) 

20.18 

(20.26) 

14.99 

(15.02) 

34.53 
(34.33) 

13.40 
(13.34) 

32.93 
(32.60) 

12.72 
(12.67) 

1.00 

0.99 

0.98 

1.00 

0.99 

1.05 

0.98 

0.96 

0.98 

0.99 

a Reaction conditions:allmixtureswerestirred for6 h. 
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TAB&Z 
: 

REACTIONS OFCp&Clz ANti CpzZrCl2 WITH FLUORO-&DIifETONES (MOLAR RATIO 1 I 2 : 2) = 

. . .. 
Nat&e of the ‘_&&cfound 

MC&Cular 

PkhXt hkd.jca 

Yield <%) 

ComplexitY 

Tilti -. Cl 

CP2TiCl2 

1.49 

Cp2TiClq 
1.16 

CPZTfCI2 
1.39 

HeXafIuOn+ 
acetylacetone 
2.49 

Bemzoyltri- 
fluoroacetone 
1.94 

2-Thenoyltri- 

fhroroacetone 
2.52 

Dark red solid 
CpTictlfa)2Cl 

78 

Dark red solid 
CpTi@tahCl 
72 

Darkred solid 

CpTi(ttahC1 
75 

8.52 
..(8.53) 

6.28 1.00 
(6.32) 

8.32 6.02 1.00 
(8.32) (6.17) 

8.16 5.78 0.99 

(7.98) (5.92) 

cP2zrc12 

1.18 
HexafIuoro- Dark red solid 
acetylacetone CPZr(hfa)zCl 
1.68 76 

CP2zrCI2 
223 

Benzoyltri- 
fluoroacetone 
3.32 

Dark red solid 
CPzr(bta)2Cl 

82 

cp2zrc12 

1.20 
2-Thenoyltri- 
ffuoroacetone 
2.02 

Dark red solid 
CpZr<tta)2C1 

80 

15.4 5.80 1.01 
(15.1) (5.87) 

15.1 5.71 1.00 
(14-7) (5-73) 

14.8 5.58 1.00 
(14.4) (5.61) 

c Reaction conditions: aB mixtures were stirred for 4 h. 

TABLE 3 

REACTIONS UNDER REFLUXING CONDITIONS = 

Reactants 

&Z) 

EilOlar 

ratio 
Nature of the product 
yield (%) 

AnaIysis 
found 

(rzdcd.) 
Ti (so) 

CP2lfCI2 
254 

CpTiCI 

(Pinacol) 
275 

CpTiCI 
(Hexyiene 

glYCOl> 

250 _ 

CpTiCl(hfa)Z 
263 

EtOH 
(excess) 
2.93 

(excess) 
2.65 

Hexylene glycol 
(excess) 
Z-39 

HeXZ%fhl0r0- 

acetylacetone 
(excess) 
4.05 

1:6:2 

1 T 2.: 2 

Colourless liquid 

Ti(OEt)4 
95 

White solid 
Ti(Pinacol)2 
60 

21.00 

(20.99) 

16.99 

(17.09) 

1:2:2 White solid 
Ti(Hexy_gly.)2 
62 

16.95 
(17.09) 

X:4=2 Reddish brown solid 
CpTi(bfa)g 
75 

6.45 

(6.54) 

a Reaction conditions: aB mixtures were refkixed for 4 h. 
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ethanol (excess). Subsequent procedure as above gave a light brown solid (yield, 
85%). (Found: Ti, 21.00; cl, 14.82 CpTiCl(OEt)z, calcd.: Ti, 20.08; Cl, 14.88%.) 

3 Reactions of Cp,McI, with glycols or fluoro-@diketones at room temperature 
in acetonitrile in presence of E&N 
These were carried out as for reaction 1 above. The products were crysial- 

lized from petroleum ether (60-80°C) (see Tables 1 and 2). 

4 Reaction of Cp,TiC12 or CpTiCl(G) or CpTiCl(hfa), with excess hydroxylic 
species in presence of Et3 N 
The appropriate titanocene compound was dissolved in 60 ml benzene and 

an excess of the alcohol or diketone was added. The mixture was refluxed for 
4 h. Filtration and removal of the solvent under reduced pressure yielded the 
compounds indicated in Table 3. 
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