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Bis[(trimethylsilyl)methyl]- and Bis(neopenty1)-zinc, and Tris[(trimethyi- 
silyl)methyl]aluminium-Diethyl Ether (1/1) ; Their Use as Alkylating 
Agents in forming Niobium and Tantalum Alkyls t 
By Stephen Moorhouse and Geoffrey Wilkinson,' Inorganic Chemistry Laboratories, Imperial College, 

London SW7 2AY 

Synthesis of bis[ (trimethylsilyl)methyl)]zinc, tris[ (trimethylsilyl)methyl]aluminium-diethyl ether (1 /1), and 
bis(neopenty1)zinc is described. Interaction of the first two compounds with tantalum pentachloride affords 
(Me,SiCH,)TaCI,, (Me,SiCH,),TaCI,, and (Me,SiCH,),TaCI,, and with NbCI5, (Me3SiCH,),NbClz. Bis(neo- 
pentyl)zinc reacts similarly. Adducts of the zinc, niobium, and tantalum alkyls with amines are also described. 

NUMEROUS binary transition-metal (trimethylsily1)- 
methyls ls3 have been synthesized using as alkylating 
agents the reagents (Me,SiCH,)Li, (Me,SiCH,)MgCl, or 
(Me,SiCH,),Mg.4 In the present work, bis[(trimethyl- 
silyl) met h yl] zinc, tris[( trimethylsily1)meth yl] aluminium- 
diethyl ether (l/l),  and bis(neopenty1)zinc have been 
made and their use as alkylating agents for niobium and 
tantalum studied. 

RESULTS AND DISCUSSION 

The Zinc and A 2.tlminiurn Compounds.-These were 
prepared by standard Grignard procedures, affording 
spontaneously flammable liquids by distillation. Bis- 
[ (trimethylsilyl) inethyllzinc and tris[ (trimet hylsilyl) - 
methyl]aluminium-diethyl ether (1/1) were obtained 
pure, whereas bis(neopenty1)zinc was contaminated with 
some hydrocarbon impurity which was not readily 
separated from the parent compound by distillation 
alone. This was reflected in the slightly high C and H 
analytical figures for this compound. Bis[(trimethyl- 
sily1)methyllzinc was also prepared from (iodomethy1)- 
trimethylsilane and zinc-copper couple. The yields 
were substantially lower than from the Grignard method. 
The Raman spectrum of the bis[(trimethylsilyl)methyl]- 
zinc was determined; it confirmed the expected linearity 
of the zinc-carbon bonds, the Zn-C stretch appearing at 
508 cm-l (polarized) while v(Si-C) was at 609 cm-l 
(polarized). 

N i o b i ~ n ~  and Tantalum Compounds.-Dimethylzinc 
has been used as an alkylating agent for NbCl, and TaC1, 
and gives Me,MC1,,5-7 Me,MCl,,6v and MeMCl,.* Alkyl- 
ation of niobium and tantalum pentachlorides using (tri- 
methylsily1)niethyl-lithium or -Grignard reagents 3 

affords the bridging trimethylsilylmethylidyne complexes 
[(Me,SiCH,),ICI(p-CSiMe,),M(CH,SiMe3)2]. These may 
well be formed by hydrogen abstraction from 
(Me,SiCH,),MCl, species by the nucleophilic ( Me3- 
SiCH,)Li or (Me,SiCH,)MgCl to  give Me,Si and 
an intermediate such as (Me,SiCH2),MCl,(~HSiMe3)Li+. 
This could then react with (Me,SiCH,),MCl, to 

7 No reprints available. 
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give LiCl and [(Me,SiCH,),MC1,(p-CHSiMe3)~lC1(CH,- 
SiMe,)]; repetition of the process would lead to 
the trimethylsilylmethylidyne complexes. N o  (Me,!%- 
CH2),ICIC15 -z species were isolated in these reactions, 
although with neopentyl, which is less prone to stabilize 
the a-carbanion than is Me,SiCH,, the stable (Me3CCH2),- 
TaCl, was obtained., With bis [ (trimet hylsily1)met hyll- 
zinc, such proton abstraction is unlikely to occur, and 
indeed no methylidyne-bridged species were detected in 
the reaction mixtures. Bis [ (trimet hylsilyl) me t h yl] zinc 
reacted with TaCl, in a 1 : 1 ratio affording mixtures of 
(Me,SiCH,),TaCl, and (Me,SiCH,),TaCI,. These com- 
pounds were readily separated by their differing solu- 
bilities in hexane. In  addition, ( Me,SiCH,)TaCI4 was 
also obtained by reaction of (Me,SiCH,),Zn with excess 
of TaCl,, probably by way of distribution reaction (1). 

(Me,SiCH,) ,TaCl, + TaCI, + 

Similar redistribution reactions are known 798 in the 
Me,Zn-MCl, (31 = Nb or Ta) system. When the reac- 
tion between (Me,SiCH,),Zn and an excess of TaC1, was 
conducted in an n.m.r. tube, the major initial product 
formed immediately on adding the zinc alkyl was found 
to be (Ne,SiCH,),TaCl,, although (Me,SiCH,),TaCl, and 
(Me,SiCH,)TaCl, were also present. After several 
minutes, only traces of (Me,SiCH,),TaCI, remained, and 
substantial quantities of (Me,SiCH,),TaCl, disappeared 
at  the expense of (Me,SiCH,)TaCl, 

Redistribution reactions occurred quite readily, and 
(Me,SiCH,)TaCl, was best prepared in excellent yield by 
reactions (1) or (2). The individual aikyls were readily 

(Me,SiCH,),TaCl, + 2TaC1, + 

detected by the characteristic position of the CH, 
resonance. As chlorine atoms were replaced by alkyl 
groups, there was a shift of the methylene resonance to 
higher z values, as was found also for the methyl reson- 
ances of Me,iCIC15-, 6 9 7  (M = Nb or Ta; 1.2 = 1-3). 
Physical properties and n.m.r. data of the compounds 
are given in the Table. Bis[(trimethylsilyl)methyl~zinc 

2 ( Me3SiCH2)TaCl4 (1) 

3 (Me,SiCH,) TaCl, (2) 
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reacted with NbC1, affording (Me,SiCH,),NbCl,. This 
compound exhibited but one sharp singlet at T 9.84 for 
the Me,Si and CH, groups, so that redistribution reactions 
of this species are not so readily studied. The reaction of 
(Me,SiCH,),Zn with TaC1, ceased after introduction of 
three alkyl groups, even under forcing conditions (80 "C, 
10 d, sealed tube). Further alkylation did not occur. 
During this period (Me,SiCH,),TaCl, underwent only 
superficial decomposition, a brown colouration appear- 
ing, and was recovered essentially quantitatively. 

Tris [ (trimethylsilyl)methyl] aluminium-dietliyl ether 
(1/1) also alkylated NbC1, and TaCl,, but the reaction was 
not clean. Even with an excess of the halide there re- 
mained unconsumed alkylaluminium reagent which 
proved extremely troublesome to remove from the 
prodtlcts. Only (Me,SiCH,),TaCl, was obtained in any 
state of purity. Generally, removal of solvent left dark 
oily material consisting of mixtures of tantalum alkyls. 
Fractional crystallizations or sublimations were not 
practicable as purification procedures. The reaction of 
bis(neopenty1)zinc with TaCl, also did not afford readily 
purifiable products, although known tris(neopenty1)- 
tantalum dichloride was detected in the reaction when 
TaC1, was not in excess by comparison of spectra with 
those of an authentic sample. Oily material was genera- 
ally formed, which again proved difficult to remove by 
fractional crystallization or sublimation, and it would 
appear that the simple Grignard method is preferable for 
the synthesis of this compound. 

Adducts  with Amines.-Both the zinc alkyls and the 
alkyl-niobium and -tantalum halides readily formed 
adducts with suitable ligands. On addition of the zinc 
alkyls to a solution of 1,lO-phenanthroline (phen) or 
2,2'-bipyridyl (bipy) in benzene or hexane, a bright red 
colouration appeared immediately. XNN'N'-Tetra- 
methylethylenediamine (tmen) formed colourless com- 
plexes. These adducts are remarkably stable oxidatively, 
those with the (trimethylsily1)methyl radical possessing 
superior stability to those of neopentyl. The bipy and 
phen adducts of (hIe,SiCH,),Zn are stable in air for 
several days. Complexes of tmen possess less oxidative 
stability. On addition of phen or bipy to the alkyl- 
niobium or -tantalum halides in hexane or dietliyl ether, 
immediate precipitation of the pale yellow niobium or 
off-white tantalum complexes occurred. These are only 
sparingly soluble in non-polar solvents, and were freed 
from impurities by washing with diethyl ether or hexane. 
They are rather light sensitive, especially tantalum 
derivatives with a large number of halogens attached. 
Indeed, when phen was added to a solution of (hIe,SiCH,)- 
TaCl, in the presence of light, a brown tar formed im- 
mediately. The niobium and tantalum adducts were too 
insoluble for n.m.r. study. They are presumably seven- 
co-ordinate, similar to (bipy)Ta(C1),31e3 whose crystal 
structure has recently been reported.9 

EXPERIMENTAL 

Analyses (Table) were carried out by the Microchemical 
N.m.r. Laboratories of Imperial College and -4. Rernhardt. 

spectra were obtained on a Perkin-Elmer 1x14 spectrometer 
and liaman spectra on a Cary 81 instrument, using the 
yellow line (5 682 A). 

Solvents used in the preparations were purified by dis- 
tillation from sodium diphenylketyl. Niobium and tanta- 
lum pentachlorides were freshly prepared just prior to use; 
inferior results were obtained from samples of the halides 
that had not been so prepared. Comniercial anhydrous 
zinc(I1) chloride was finely powdered, heated under reflus 
with freshly distilled thionyl chloride, and pumped dry 
before usage in the preparation of the organozinc reagents. 
Commercial anhydrous aluminiuni(1II) chloride was freshly 
sublimed beforc conversion to the alkylaluminiuni reagent. 
Water of crystallization was removed from 1,lO-phenanthro- 
line-water (2/ 1) by azeotropic distillation with benzene using 
a Dean and Stark apparatus. After all the water had been 
removed (cn. 36 li), the pale pink residue was sublimed 
affording a pure white product. 

PveFavntzon of Coi i z~oz~~~d~ . - -B i s [ ( f~ i~~ze11~~~l s iZy l )nze t / i y l ] -  
zinc. (a) To a solution of [(triniethylsilyl)methyl]n~agnes- 
iuni chloride (1 mol) in diethyl ether (300 cm3) a t  0 "C was 
addetl powdered anhydrous zinc(I1) chloride (68 g, 0.5 moll 
through a solids vessel over 2 11. The solution was allowed 
to attain ambient temperature and maintained thus with 
stirring for 4 d. The majority of the solvent was then 
removed by distillation until the fractionation temperature 
reached 50 "C. Then all volatiles were removed by heating 
the reaction vessel a t  100 "C (lo-* mniHg) over a period of 
2 d,  trapping them a t  - 196 "C. These were refractionated 
and pure product, b.p. 44 "C (1-5 nimHg), was collected as a 
colourless liquid, spontaneously flammable in air (108.0 g ,  

(b) I+-YOIU (iodo~~zet?iyl)tri~~zet~i~vlsilane and ziitc-co/q5ey 
coztple. In a round-bottomed flask (250 cm3) equippecl with 
a reflux condenser and heavy stirrer was placed powdered 
zinc-copper couple (32.5 g, 0.25 mol). (The couple was 
prepared by reduction of CuO in the presence of Zn  dust 
with dihydrogcn just belon7 the m.p. of the mixture.) To 
this was added a portion of (iodomethyl) trimethplsilane 
(20 cm3; 107 g, 0.5 niol), and the mixture then heated under 
gentle reflux. After 2 11 the reinainder of the (iodomethy1)- 
triniethylsilane was addetl over a further 1 h. The reaction 
mixture was allowed to cool a t  room temperatnre and then 
fractionally distilled collecting the pvoduct (33.5 g, 56%) at 
GO "C (5.0 nimHg). 

Tris~(ti~ii~zet?iylsilyl) ~~zetl~yl]alunzZ~tiul.lt-diet~iyl ether ( 1/ 1 ) .  
To a solution of [(trimethylsilyl)n~ethyl]magnesium chloride 
(1 niol) in diethyl ether (400 mi3) at 0 OC, was added pow- 
dered anhydrous aluminium(III) chloride (44.5 g, 0.33 niol) 
through a solids vessel over 3 11. Aftcr stirring at ambient 
temperature for 2 (1, the majority of the solvent was i-e- 
moved and the pure white residue digested with oxj-gen-free 
benzene (500 mi3). After filtration, benzene was removed 
by distillation and the liquid residue fractionated under 
reduced pressure to afford a colourless l iquid,  spontaneously 
flammable in air, b.p. 64 "C (2 x lo-? mmHg) (72.4 g, 600,;). 

Bis(ncofientjt1)zinc. '1.0 neopeiitylriiagnesium chloride 
(0.2 mol) in diethyl ether (100 cm3) was added powdered an- 
hydrous zinc(I1) chloride (13.6 8,  0.1 mol) a t  0 "C over 8 11 
through a solids vessel. After stirring for 2 d a t  room 
temperature, solvent was removccl a t  0 "C under reduced 
pressure, leaving a sticky white residue. This was digested 
with pentane, filtered, and solvent removed by distillation at 
atmospheric pressure leaving a yellow liquid. This was 

H. G. R. Urcw and J .  T). Il'ilkins, J.C.S.  Dalton, 1973, 1830. 
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fractionated under reduced pressure, collecting the firodztct 
(17 .9  g,  My0), b.p. 58-59 "C (9-7 mmHg). 

Tvisi(trimet~iylsilyl)methy~tantalu.ulz dichlovide. (a) To a 
solution of tantalum pentachloride (10.1 g, 28.17 nimol) in 
cliethyl ether (150 cm3) was added bisi(trimethylsily1)- 
Inethyl]zinc (10.1 g, 42.26 nimol) over 1 11 a t  0 "C. After the 
addition was complete, the reaction mixture was stirred a t  
ambient temperature for 4 11. Solvent was removed under 
vacuum, the yellow residue digested with pentane (200 cm3), 
and tlic mixture filtered. Solvent was removed from the 

2189 

solution of tantalum pentachloride became pronouiicedly 
yellow. After the addition, the mixture was stirred for 3 h 
and solvent removed under reduced pressure. The rcsulting 
yellow residue was extracted with pentane (150 an3) and 
filtered from the white precipitate of zinc chloride. Solvent 
was removed from the filtrate a t  ca. 0 "C under reduced 
pressure until crystals began to form, and the mixture was 
then cooled to  -80 OC, precipitating a further crop. Fil- 
tration a t  - 80 "C afforded pale yellow crystals of the product 
(17.05 g, 74y0), which was further purified by sublimation 

Physical properties, analyses, and n.1n.r. data for the alkyl compounds 

Compound 
( J1e3S1CH,) ,%I1 

(,\Ie,CCH z)  Jii 

(JLc,SiCH,) ,.Il,OE t, 

(Me,SiCH,) ,)'raC12 

(Me,SICH,) ,'TaCl, 

(Me,SiCH,) 'l'aC1, 

(,\Ie,SiCH,) ,NbC12 

( ilI e ,CC H 2) ,'r a C 1 , 
(tmcn)Zn(CH,SiMe,j 

( p hen) Zn (c' 13 2S 1 Ve,) 

(l,lpy)zn(cH ,s1 V C , ) ,  

( t lilen) Z 11 (C H 2( 1 Ic,) 

( phen) Z n  (CI-I ,CJIe,) 

(bi py) Z 11 (C N 2C,\Ie,) 

(plieii) T'i(C€I ,SiAIe3) ,C1, 

(phcn)T;t( (' 1 I , S I ~ I C ~ ~ ~ ) ~ C I ,  

(phen) S 1) (CH,SiMe,) ,C1, 

Colour 
Colourless 

Colourless 

Colourless 

Yellow 

Pale yellow 

Bright yellow 

Orange 

Yellow 
White 

Orange 

Red-oraiigc 

VC'hite 

Ked 

Red-orangc 

Analyses .A (76 )  
3I.p. (0rb.p.). -7 

e e l  "C 
(44, 1 .5  mmHg) 

(58-59, 
9.7 mmHg) 

(64, 2 x lo-' 
mmHg) 
64-67 

G8-70 

56-59 

68-70 
decomp. 

S4--85 

1 66--- 1 6 7 
decoinp. 
01-92 

87--88.5 

c 

154 tlecomp. 

12 1--122 

C 
39.9 

(40.1) 
58.9 

(58.0) 
52.8 

(53-0) 
27.8 

(28.1) 
20.7 

11.5 
(11.7) 
62.8 

(20.8) 

(53.0) 

H 
9.0 

11.7 
(10.6) 
11.7 

6.2 

4-8 

2.6 

11.7 

(9.2) 

(11.9) 

(6.4) 

(4.8) 

(2.7) 

( 1  1.9) 

c1 

13.6 
(13.8) 
23.0 

34-4 
(34.6) 
1 6 ' 7  

( 2 3 4 )  

(16.7) 

S Si Zn(:ll) Ta(Nb) 
23.2  

("34) 

46.8 10.5 7 .4  

57.4 7.3 6-6  

54.6 '7.7 7.0 

59.1 11-6 8.5 

6'7.9 '7.6 7.3 
(7.2) (68.2) ('7.8) 

66-1 8-2 / ' I  
(66.1) (8.3) ( 7 . 7 )  
41.8 6.0 10.4 4.1 

(41.6) (5.9) (10.2) (4.0) 
37.5 4.8 16.9 4.8 

(37.4) (4.7) (16.6) (4.4) 
48.1 7 . 0  11.4 4.8 

(47.6) (6.8) (11.7) (4.6) 

(47.3) (10.71 (7.9) 

(57.3) ( 7 - 2 )  (6.7) 

(54.7) (7.G) (7.1) 

(59.4) (11.8) (8.7) 

? - "  

23.3 7.3 
(23.2) (7.5) 
16.1 34.6 

12.0 38.9 

6.7 43.4  

21.2 

(16.4) (35.3)  

( 1  2.2) (39.2) 

(44.2) 

( 1  9.8) (21.9 

(6.8) 
19.5 

N.ni.r. data (7) 

CH, 
10.69 

10.03 

10.8'3 

8.00 

7-43 

6.30 

9-84 

'7.15 
10.71 

10.70 

10.74 

Y.G8 

0.59 

9.41 

0 Calculatrd values arc given in parcntheses. 'CH, of co-ordinated Et,O at 7 6.46 (quartet), CH, at 'c 9.16 (triplet). Lit.,, 
115-117 ' C .  

filtrate a t  - 20 'C until crystals began to form. After cool- 
ing to -880 "C, filtration a t  this temperature afforded pale 
yellow crystals of bis[(trimethylsilyl)methyl]tantalum tri- 
chloride (1.28 g, 1074). Evaporation of the filtrate to dry- 
ness followed by sublimation (60 "C, mniHg) afforded 
the product (11.12 g, 770;) contaminated with cn. 19; of thc 
tlinlkyl conii~c~tin(1. 

(b) Fvoiii 112 c;(tvitnetJiylsilyl) ri2et~iyl]tai2talui)i tvichlovide and 
hisi(trsiizetliil,ls~~~Z)iiietkyljzinc. To a solution of bis[(tri- 
nietliylsilyl) metliylj tantalum trichloride (9.23 g, 20 inmol) 
in pentane (50 cmn) was added bis[(trimethylsil\.I)meth~~l]- 
zinc (2.30 g, 10 nimol) a t  room temperatwx. ;Iftcr stirring 
for 1 11 tlic mixture \vaq filtered and solvent rcmo\red from 
tlic filtrate. 
111111H~) to ,.iford yellon- cvvsfnls of the product (10.10 g, 
!)8(::)), m.p ti5 -68 'C. 

To a solu- 
tion of tantalum pentachloride (17.93 g, 60 nimol) in diethyl 
cther (350 ctn:') was added bis[(trimetliylsilyl)methyl]zinc 
(11.95 g, 60 rnniol) at 10 "C over 1.5 h. On addition of the 
first few drops of thc zinc reagent, the essentially colourlcss 

The dry residue was sublimed (60 "C, 

Uis (tviwietli~~lsilyl)i~tetli_tlljtanfaluiii trichloride. 

(60 "C, lo-' mmHg) onto a water-cooled probe, 1ii.p. 68.5- 
70.5 "C. The darker yellow filtrate from tlie pentanc con- 
centrates contained substantial aniounts of Iris[ (trimethyl- 
s i1y l )meth~l~t~nta lum dichloricle (1.88 g, 1 17;) wliich was 
obtained by removal of solvent followed by sublimation 
(60 "C, lo-: mniHg). 

(a) X mix- 
ture of tantalum pentachloride (17.4 g, 48.54 rnmoi) antl bis- 
[(trinietliylsil~l)inetliyl]ziiic (2.39 Q, 18 mmol) was stirred a t  
room temperature in diethyl cther (50 an3) for 4 d .  Diethy1 
ether was removed and the resulting yellow residue digested 
with hot hesane. The mixture was filtered hot and solvent 
removed from tlie filtrate until yellow crj-stals began to forni. 
Cooling to -40 "C caused further precipitation. The 
product \vas obtained by filtration a t  this temperature (5.3 1 
g, 6504).  The mother liquor contained further $voducf ,  
slightly contaminated \vith bis[(trimetli~lsil~l)inethyl]- 
tantalum trichloride. 

-4 mixture of tris[(trimetliylsilyl)- 
metliyl]tantaluni dicliloride (5- 13 g, 10 mmol) antl tantalum 
pentachloride (14-34 g, 40 nimol) was stirred in benzene 

[( Tvi~iieth~~silyl)i~zetliyljta~ttnli~~~t fefrncliloride. 

(b) B y  redistvibutiosz. 
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(70 cm3). After several days the majority of the tantalum 
pentachloride had dissolved. After filtration, benzene was 
removed under reduced pressure and the yellow residue re- 
maining sublimed (60 O C ,  mmHg) to afford bright yellow 
crystals of the product (11.98 g, 97%), m.p. 56-59 "C. 

Tris[(trimethylsilyZ)met~y~nzobzum dichloride. (a) To a 
solution of niobium pentachloride (8.2 g, 30-31 mmol) in di- 
ethyl ether ( 150 cm3) was added bis[(trimethylsilyl)methyl]- 
zinc (10.87 g,  45.47 mmol) at -10 "C over 1 h. After 
stirring for 4 h at ambient temperature in the absence of 
light, solvent was removed under reduced pressure leaving 
a dry flaky brown-orange residue. To this was added 
pentane (150 om3) and the resultant orange-red solution was 
filtered from zinc(I1) chloride. Solvent was removed from 
the filtrate under reduced pressure until crystallization 
commenced. The solution was then cooled to - 80 "C until 
complete precipitation had occurred, and filtered at this 
temperature to afford orange-red crystals of the product 
(6-77 g, 53y0), m.p. 68-70 "C. A further crop of less pure 
product (4.33 g, %yo), m.p. 66-71 "C, was obtained by 
evaporation of this filtrate to small volume, followed by 
further cooling and filtration. 

(b) From tris[ (trinzethyZsiZyl)nzethyZ]aZuminiunz-diethyZ 
ether ( l / l ) .  To a solution of niobium pentachloride (4.41 g, 
20 mmol) in diethyl ether (50 cm3) was added tris[(tri- 
methylsilyl)methyl]aluminium-diethyl ether (1 /1)  (7.24 g ,  
20 mmol) over 2 h, producing an orange solution. After 
work-up in the usual manner, the residue was sublimed (40 
"C, mmHg). Initially, oily material sublimed and was 
discarded ; continued sublimation afforded more oily 
material that  slowly solidified to the product (4.73 g, 56%). 
The n.m.r. spectrum revealed that the product was con- 
taminated with ca. 5% of the organoaluminium compound. 
As this sublimation is a somewhat slow process, quite exten- 
sive decomposition of the rather unstable product occurred, 
a black insoluble residue remaining in the sublimation vessel. 

Lewis-base adducts of bis[(trinzethylsilyl)uetJay~zinc. 
Adducts of bis[(trimethylsilyl)methyl]zinc with 1 , l O -  
phenanthroline (phen), 2,2'-bipyridine (bipy) , and 
NNN'N'-tetramethylethylcnedianiine (tmen) were pre 
pared as follows. To a solution of the organozinc compound 
(2.39 g, 10 mmol) in benzene (15 cm3), was added phen, bipy 
(10 mmol), or tmen (20 mmol). With phen and bipy the 
solutions immediately became bright red ; with tnicn there 
was no colour change. After stirring for 1 h a t  ambient 

temperature, solvent was removed under reduced pressure 
and the residues sublimed to afford the products (phen and 
bipy adducts, lOOyo ; tmen adduct, 80%). 

Lewis-base adducts of bis(neopentyZ)zinc. These were pre- 
pared in similar fashion to the adducts of bis[(trimethyl- 
silyl)methyl]zinc. Sublimation (120 "C, mmHg) 
afforded red phen and bipy adducts (looyo), or at 80 "C 
( 

$hen Adducts of (Me,SiCH,),TaCI,, (Me,SiCH,),TaCl,, and 
(Me,SiCH,),NbCl,. These were prepared as follows. To a 
solution of the alkylmetal halide (10 mmol) in hexane was 
added phen (1-80 g, 10 mmol) dissolved in benzene (20 cm3) 
in the absence of light. Immediate precipitation of the 
adduct occurred. The off-white tantalum or pale yellow 
niobium complexes were filtered off, washed with hexane- 
benzene (10 : l ) ,  and dried in the absence of light. Yields 
were in the region of 90%. 

Reaction of Tris[(trinzethylsilyZ)nzethy~aZunzinium-DiethyZ 
Ether ( 1/ 1) with Tan ta lum PentacJzZoride.-To a solution of 
tantalum pentachloride (3.59 g, 10 mmol) in diethyl ether 
(150 cm3) was added tris[ (trimethylsilyl) methyl]aluminium- 
diethyl ether (1/1) (3.62 g,10 mmol). An immediate yellow 
colouration was observed on addition of the first few drops 
of the organoaluminium compound. After stirring for 2 h, 
the reaction mixture was freed from solvent under reduced 
pressure, a sticky yellow-brown residue remaining. Hexane 
(50 cm3) was added to this, and the mixture filtered. Evap- 
oration of solvent from the filtrate until the volume was cn. 
15 cm3, followed by cooling to -80 "C and filtration, pre- 
cipitated crude bis[(trimethylsilyl)methyl]tantalum tri- 
chloride (0-43 g, g%), which was further purified by sublim- 
ation (60 "C, lo-, mmHg). Evaporation of filtrate left only 
a yellow oil, shown by n.m.r. spectroscopy to be an ap- 
proximately 1 : 10 : 3 mixture of bis[(trimethylsilyl)methyl]- 
tantalum trichloride, tris[(trimethylsilyl)methyl]tantalum 
dichloride, and tris[(trimethylsilyl)methyl]aluminium-di- 
ethyl ether (1/1) .  Similar reactions, using tantalum penta- 
chloride: organoaluminium compound 2 : 1, still left un- 
reacted tris [ (trimethylsilyl) methyl] aluminium-diethyl 
ether ( l / l ) ,  together with quantities of [ (trimethylsily1)- 
methyl]tantalum tetrachloride. 

doctoral fellou-ship (to S. M.). 

mmHg) the white tmen adduct (91 yo). 
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