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Abstract

Reaction of Si(C;H 3—1 3- Buz)Mea with HfCl, in toluene or hexane at room temperature afforded the new trichloro monocyclopen-
tadieny! derivatives [Hf(®-CsH ;-1,3-'Bu,)Cl,] (1). Treatment of [Hf{n3-CsH ;~1,3-'Bu,)Cl,] with the appropnate alkylating reagent
in hexane gave the mono{l 3-dl(tert-butyl)cyclopentadlenyl] trialkyl hafnium complexes [Hf(n’-CH 3=1,3-'Bu,)R;] [R = CH, (2),
CH,C4H; (3), CH,Si(CH,), (4)]. When [Hf(n -CsH 3—1 3! Buz)Cl 3] reacts with 1 equivalent of TICp in toluene at room temperature
the mixed dicyclopentadienyl complex [Hf(n5-CsH y~1,3- Bu,)('q -C ,H 5)Cl,] (5) was isolated in almost quantitative yield. Reaction of
§ with LiMe led to the dimethyl complex [Hf(n*-C sH3~1,3-'Bu,X(n3-CsH X CH ), ] (6). However, the analogous reaction of a hexane
solution of § with MgBz, - 2THF in the presence of traces of water afforded the u oxo derivative [{Hf(n3-CsH~1,3-'Bu,Xn°-

CsH 5)(CH 2C6H 5))2( ﬂ-‘O)] (1)-
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1. Introduction

n3-Cyclopentadienyl derivatives of transition metals
have played an important role in structural, synthetic
and catalytic organometallic chemistry. Replacement of
one or more of the cyclopentudienyl ring hydrogens by
alkyl groups led to a large variety of substituted cy-
clopentadienyl ligands [1). This effect modifies the steric
and electronic properties of the metal centre and implies
important changes in the structural and chemical be-
haviour of this type of compound. Several titanium,
zirconium and hafnium complexes containing function-
alized cyclopentadienyl ligands have been described
[1,2], but only a few examples of tert-butylcyclopenta-
dienyl derivatives of these elements are known [3].

The presence of the tert-butyl substituents in the
cyclopentadienyl ring introduces significant changes,
increasing the solublhty of the complexes and providing
easily recognizable 'H and ' 3C NMR resonances. These
properties make the 1,3-di(tert-butyl)cyclopentadienyl
ring a good system to synthesize soluble monocyclopen-
tadienyl titanium, zirconium and hafnium complexes
and to study their structural and chemical behaviour.
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In this paper we report the synthesis and characteri-
zation of new 1,3 dl(tert-butyl)monocyclopentadlenyl
hafnium complexes [Hf(n3-C{H,~1,3-'Bu,)C1,] (1) and
[Hf(n "C Hq"l 3' BU2)R1] [R CH (2) CHzc Hq
(3), CH, SI(CH ), (4)] and the mixed cyclopentadlenyl
derivatives [Hf(n -C,,H;—I,S- Bu,)(n3-C4H,)Cl,] (8),
[Hf(n®-CsH,-1,3-'Bu,)(n*-C;H )(CH,) ] (6) and
[{Hf(n* < sH,-1,3- Buz)(n -C H,,)(CH;C(,H Ny u-0)]
(7. All these compounds were characterized by analyti-
cal and spectroscopic methods.

2. Discussion of synthetic and spectroscopic results

We have prepared compound [Hf(n3-C4H,-13-
‘Bu,)Cl, ] (1) by treatment of pure anhydrous HfCI,
with Si(n®-C4H,~1,3-'Bu;)Me;, in toluene or heptane
at 80°C, a well known and routine technique. The
trimethylsilyl 1,3-di(tert-butyl)cyclopentadiene reagent
was obtained by reaction of 1,3-di(tert-butyl)cyclopen-
tadiene, synthesized as a mixture of different possible
isomers, with Lin-Bu and chlorotrimethylsilane [4].
When a hexane solution of complex 1 was treated with
a diethyl ether solution of MgCIMe, in a molar ratio
1:3.1, an almost quantitative yield of the trimethyl
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hafnium compound [Hf(n*-CsH;-1,3-'Bu,)Me;] (2)
was isolated after filtration and evaporation of the sol-
vent. The same reaction of the trichloro hafnium com-
plex 1 with MgBz, - 2THF afforded the tribenzyl com-
plex [Hf(n*-CH;-1,3-'Bu,XCH,C¢H;);] (3), and re-
action of 1 with LICH%SIM% led to the trialkyl deriva-
tive [Hf(n*-CsH;-1,3-'Bu,XCH,SiMe,),] (4) (Scheme

1.

The mixed dicyclopentadienyl compound [Hf(n>-
CH;-1,3-'Bu,X%’-C5H;)Cl,] (5) can be prepared, as
a white solid in 95% yield, by treatment of 1 with TICp
in an equimolar ratio in toluene under reflux. Reaction
of a diethyl ether solution of 5§ with LiMe (molar ratio
1:2.1) gave the dimethyl complex [Hf(7n*-C;H,-1.3-
'Bu, XCsH;XCH,),] (6). Formation of the analogous
dibenzyl complex was observed when the reaction of a
hexane solution of § with MgBz, - 2THF was carried
out under rigorously anhydrous conditions into a dry-
box. However, this compound was extremely moisture
sensitive and was not isolated as a pure solid. The
presence of traces of water in the reaction mixture led to
its transformation into the u-oxo denvatwe [{(Hf(n*-
CH,-1,3-'Bu, Xn*-CsH,NCH,C(H,)), (p-0)] (7),
which was quantitatively formed as a yellow microcrys-
talline solid when wet hexane was used as solvent.

Complexes 1-6 were isolated as brown or yellow
oils or microcrystalline solids, very soluble in all com-
mon, even aliphatic, solvents. They are air and moisture
sensitive but may be stored unchanged for months under
an inert atmosphere (dinitrogen or argon), 1 and § being
the most stable.

'"H NMR spectra of compounds 1-6 show the ex-
pected resonances for the alkyl groups bonded to the
metal atom (see Experimental section). The tert-butyl
protons appear as a singlet and the cyclopentadienyl
protons of the CsH;'Bu, ring as one pseudodoublet
(2H) and one pseudotriplet (1H) corresponding to an
AA'B spin system, whereas the CsH; protons give one
singlet. The 'H NMR spectrum for compound 7 shows
two singlets (& 1.05, & 1.15) for the tert-butyl protons
and two sets of doublets (8§ 2.19, 2.20) for the di-
astereotopic methylene protons of the benzyl group. The
cyclopentadwnya protons exhibit one singlet at & 5.85
for the C;H ring protons and three multlplets (8 559,
5.99, 6. 00) for the protons of the CsH,'Bu, ring corre-
sponding to an ABC spin system.

3. Experimental

All manipulations were performed under an inert
atmosphere (dinitrogen or argon) using Schlenk and
high vacuum line techniques or a VAC glove-box Model
HE 63P. Solvents were purified by distillation from an
appropriate drying/deoxygenating agent (sodium for
toluene, sodium/benzophenone for diethyl ether and
sodium/potassium alloy for hexane). LiMe (1.6 M
diethyl ether solution), MgClMe (3 M diethyl ether
solution) and HfCl, (Aldrich) were purchased and used
without further purification. Si(CH ,~1,3-'Bu,)Me, [4],
MgBz, - 2THF [5), LiCH,SiMe, [6] and TICp [7] were
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prepared according to literature procedures. NMR spec-
tra were recorded on Varian FT-80 and Varian Unity
FT-300 instruments ('H and ">C chemical shifts were
referenced to SiMe,, 8=0 ppm). Mass spectra were
recorded on a Hewlett Packard 5890 spectrometer. Ele-
mental C and H analyses were carried out on a Perkin-
Elmer 240B microanalyzer.

3.1. Preparation of [HACsH;~1,3-'Bu,)CL;] (1)

Si(CsH;-1,3-'Bu,)Me, (2.96 ml, 2.34 g, 9.36 mmol)
was added, at 0°C and under argon, to a solution of
HfCl, (3.0 g, 9.36 mmel) in toluene (100 ml). The
reaction mixture was slowly warmed to room tempera-
ture and then under reflux for 24 h to give a red—brown
solution. The resulting solution was filtered and the
solvent was evaporated under vacuum to obtain a brown
solid which was recrystallized from toluene /hexane and
characterized as 1 (3.15 g, 74% yield).

Anal. Found: C, 33.91; H, 4.62. C,;H,,HfCl,. Calc.:
C, 33.76; H, 4.54%. 'H NMR (300 MHz, C¢D;, 25°C):
5 1.12 (s, 18H, 'Bu), 5.87 (d, 2H, C;H,), 6.32 (t, 1H,
C,H,). °C NMR (75 MHz, C¢D;, 25°C): & 31.8
(*Bu), 32.1 (C;,,, 'Bu), 103.1, 1041 (C;H;), 143.3
(C;ps, CsH;): Electron impact mass spectrum (70 eV):
m/z=+ 462 (14%) [M]*; m/z=447 (100%) [M-
CH,}*.

3.2. Preparation of [HfCsH;-1,3-'Bu,)(CH,);1 (2)

A 3 M solution of MgCIMe in tetrahydrofuran (1.12
ml, 336 mmol) was added to a hexane solution (50 ml)
containing H(CH,~1,3-'Bu,)Cl; (0.5 g, 1.08 mmol)
at —78°C. The reaction mixture was stirred for 3 min
and then slowly warmed to room temperature and stirred
for 48 h. After filtration, the solvent was removed in
vacuo to give a yellow oil which was recrystallized
from toluene/hexane and characterized as 2 (0.41 g,
96% yield).

Anal. Found: Ci 48.41; H, 7.63. C ¢ H, Hf. Calc.: C,
47.91; H, 7.48%. '"H NMR (300 MHz, C;D;, 25°C): &
1.11 (s, 18H, 'Bu), 0.33 (s, 9H, Hf-Me), 5.68 (d, 2H,
C,H,), 5.99 (t, 1H, C;H,). "C NMR (75 MHz, C¢D,
25°C): & 31.4 (‘Bu), 32.3 (C,,,, 'Bu), 57.3, (CH,),
103.0, 1044 (C;H;), 1435 (é,.,,s,, C,H;). Electron
impa]ct mass spectrum (70 eV): m/z = 397 (70%) [M-
CH,]*.

3.3. Preparation of [HfCsH;~13-'Bu,(CH,CsH);
(3)

1.1 g (3.11 mmol) of MgBz, - 2THF was added to 2
solution in hexane (50 ml) containing 0.9 g (1.94 mmol)
of [HNC H,-1,3-'Bu,)Cl,] and cooled to —78°C. The
reaction mixture was slowly warmed to room tempera-
wre and stirred for 24 h. After filtration, the resulting
yellow solution was evaporated to dryness. Recrystal-

lization from hexane at —30°C gave a yellow micro-
crystalline solid which was characterized as 3 (1.05 g,
60% yield).

- Anal. Found: C, 64.24; H, 7.1. C3,H,Hf. Calc.: C,
64.1; H, 7.2%. '"H NMR (300 MHz, C;D;, 25°C): &
1.05 (s, 18H, 'Bu), 2.06 (s, 6H, CH,), 5.54 (d, 2H,
C,H,), 5.85 (t, 1H, C;H,), 6.81 (m, o-, p-, m-Ph). 'H
NMR (300 MHz, CDCl,, 25°C): & 1.17 (s, 18H, 'Bu),
1.93 (s, 6H, CH,), 5.70 (d, 2H, C;H;), 6.06 (t, 1H,
C;H,), 6.65, 7.12 (m, Ph). 3C NMR (75 MHz, CDCl,,
25°C): & 31.6 (‘Bu), 33.0 (C,,,, ‘Bu), 84.2 (CH,),
105.4, 106.8 (CsH,), 122.4, 127.3, 128.4 (Ph), 146.2
(Cipso CSHB)'

??4)1 Preparation of [Hf(CsH;-1,3-'Bu,)(CH,SiMe; );]
4

0.34 g (3.3 mmol) of LiCH,SiMe, was added to a
solution in hexane (50 ml) containing 0.5 g (1.08 mmol)
of [HF(C4H;-1,3-'Bu,)Cl,] and cooled to —78°C. The
reaction mixture was slowly warmed to room tempera-
ture and stirred for 24 h. After filtration, the resulting
yellow solution was evaporated to dryness. Recrystal-
lization from hexane at —30°C gave a yellow micro-
crystalline solid which was characterized as 4 (0.64 g,
98% yield). v

Anal. Found: C, 48.21; H, 9.0. C,gHSi;Hf. Calc.:
C, 48.62; H, 8.75%. 'H NMR (300 MHz, C¢D, 25°C):
8 0.13 (s, 6H, CH,), 0.24 (s, 27H, CH,-Si), 1.18 (s,
18H, 'Bu), 5.91 (d, 2H, CH,), 6.08 1, 1H, C;H ). °C
NMR (75 MHz, C¢D;, 25°C): & 3.3 (CH,-Si), 320
(‘Bu), 327 (C,,,, 'Bu), 69.6 (CH,), 104.4, 104.5
(C4H,), 143.0(C,,,, C,H,).

3.5. Preparation of [HACyHy~1,3-'Bu, NCsHy)Cl, 1 (5)

0.54 g (2.19 mmol) of freshly sublimed TICp were
added at room temperature to a solution of [H(CsH -
1,3-'Bu,)Cl,] (1.01 g, 2.19 mmol) in toluene (100 ml).
The reaction mixture was stirred under reflux for 24 h
to give a yellow solution. After filtration, the solvent
was evaporated under vacuum to afford a white solid
which was recrystallized from toluene/hexane at
—30°C to give a microcrystalline compound character-
ized as 5 (1.06 g, 98% yield).

Anal. Found: C, 43.64; H, 5.19. C H,cHfCl,. Calc.:
C, 4397; H, 5.28%. 'H NMR (300 MHz, C¢D, 25°C):
5 1.17 (s, 18H, 'Bu), 5.81 (d, 2H, C;H,), 6.01 (s, SH,
C,H,), 6.07 (t, 1H, C;H,). 13C NMR (75 MHz, CDs,
25°C): & 31.4 (‘Bu), 33.7 (C,,,, 'Bu), 1109, 111.]
(C4H,), 114.6 (C4Hy), 141.7 (C; 50 CsH3).

3.6. Preparation of [HC; H,~1,3-Bu, (CsHs (CH, )1
(6)

A 1.6 M solution of LiMe in diethyl ether (0.80 ml,
1.28 mmol) was added to a diethyl ether solution (50
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m!) containing [HRC H,~1,3-'Bu,XC H,)Cl,] (0.3 g,
0.61 mmol) at —78°C. The reaction mixture was stirred
for 30 min and then slowly warmed to room tempera-
ture and stirred for 3 h. After filtration, the solvent was
removed in vacuo to give a yellow oil which was
extracted into hexane. By cooling the resulting solution
to —30°C a microcrystalline yellow solid was obtained
which was characterized as 6 (0.23 g, 85% yield).
Anal. Found: C, 52.93; H, 6.97. C, H,, Hf. Calc.: C,
53.25; H, 7.11%. '"H NMR (300 MHz, C¢D;, 25°C): &
-~0.15 (s, 6H, Hf-CH,), 1.05 (s, 18H, 'Bu), 5.18 (t,
1H, C4H,), 5.88 (s, SH, C;Hy), 6.21 (d, 2H, C;H,).
*C NMR (75 MHz, C;D;, 25°C):  32.0 (*Bu), 32.6
(C,,,, 'Bu), 382 (CH,), 110.5 (C;H;), 111.4, 111.5
(CsH,), 1450 (C,,,, CsH,). Electron impact mass
spectrum (70 eV): m/z = 437 (31%) [M-CH,]"*. .

3.7. Preparation of [{HfC;H,~1.3-'Bu, )(CsH,)(CH,-
C,H; )}, (p-0)] (7)

0.25 g (0.73 mmol) of MgBz, - 2THF was added to a
solution of 0.3 g (0.61 mmol) of [HNC;H,-1,3-
‘Bu, XCsH;)Cl,] in wet hexane (50 ml) cooled to
~78°C. The reaction mixture was slowly warmed to
room temperature and stirred for 24 h. A yellow solu-
tion was formed. After filtration, the solvent was evapo-
rated to dryness to give a yellow solid. Recrystallization
from toluene /hexane at —30°C gave a yellow micro-
crystalline solid which was characterized as 7 (0.45 g,
86% yield).

Anal. Found: C, 57.96; H, 6.71. C,H,OHf,. Calc.:
C, 57.58: H, 6.33%. 'H NMR (300 MHz, C,D,, 25°C):
8 1.05 (s, 18H, 'Bu), 1.15 (s, 18H, 'Bu), 2.19 (d, 2H,
CH,), 2.20 (d, 2H, CH,), 5.59 (m, 2H, C,H,), 5.85 (s,
IOHq CSHS)' 5.99 (m; 2H, Csﬁ_g). 6.00 (m; ZH. CsH.‘);
6.93, 7.18, 7.32 (Ph). *C NMR (75 MHz, C¢ Dy, 25°C):
8 31.2 ('Buw), 32.2 (Cipyo 'Bu), 61.7 (CH,), 105.4,

116.6, 122.6 (CsH,). 113.6 (CsH,), 114.6, 128.1, 128.3,
153.1 (Ph), 136.5, 137.2 (C, ,,, CsH,).

ipso
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