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The dinuclear compound [((ql”-C~)Ni(PEt~))~l (1) containing 
an unbridged Ni-Ni bond reacts with the heavier group 13 
monochlorides [ { CH(SiMe3)2}2A1’r‘CI], In’Cl, and Tl’Cl by 
scission of the metal-metal bond. In the case of InCl and 
TlCl the chloro-bridged dimers [((q”-Cp)Ni(PEt3)2ECl}2] (E = 
In 2,  T1 5) were formed. The Tl compound 5 is unstable and 
decomposes via disproportionation and formation of the halo- 
gen-free Tl’” compound [ {  (q”-Cp)Ni(PEt,)],Tl] (6). 2 can be 
dehalogenated with activated magnesium to yield the halo- 
gen-free In”I compound [ {  (q5-Cp)Ni(PEt,)],In] (4). The Ga 
analogue of 4 and 6 [((ql”-Cp)Ni(PEt,)),Ga] (7)  is accessible 
by a conproportionation of 1 with Ga metal in refluxing THE 
In contrast to InCl and TlCl the aluminium(II1) monochloride 
[(CH(SiMe3)2j2A1C1] reacts with 1 by a ligand redistribution 

reaction and formation of the salt [ (~ l~-Cp)Ni(PEt~)~l+-  
[(CH(SiMe3)2}2A1C12]- (8). Elemental Hg or Mg amalgam 
show the same activity as elemental Ga towards 1 and insert 
into the Ni-Ni bond by forming the linear Hg-bridged com- 
plex [((q5-Cp)Ni(PEt3)),Hg] (9). The molecular structures of 
2 ,  4, 8, and 9 were determined by X-ray crystallography. The 
In atom in 4 has a distorted trigonal-planar configuration 
with the central In atom being surrounded by three [(qs- 
Cp)Ni(PEt3)] fragments. 4 represents the first Ni-In cluster 
containing exclusively unsupported In-Ni bonds, as well as 
the first carbonyl-free Ni-In cluster. On the basis of spectros- 
copic data the same structure is assigned to the Ga and T1 
analogues of 4. The Ni-Hg-Ni arrangement in 9 is exactly 
linear, as determined by X-ray crystallography. 

Introduction 
The chemistry of main-groupkransition-metal com- 

pounds has attracted great interest and has triggered a large 
amount of research activity in this field over the last dec- 
ade‘’’. Recently, a growing interest in the synthesis of mixed 
transition-metal/main-group element complexes which are 
suitable for the deposition of mixed metal/main-group ele- 
ment films has emergedL2I. Compounds containing alu- 
minium, gallium, or indium directly bonded to a transition- 
metal are currently of interest as potential single-source pre- 
cursors for the deposition of binary intermetallic phases[’]. 
This interest stems from the fact that such phases are useful 
as Schottky barriers and Ohmic contacts for group 13/15 
~emiconductors~~1. In this paper we present a new synthetic 
route to compounds containing element combinations 
which are relevant for such material applications. 

Unbridged transition-metal bonds. M-M. exhibit a high 
reactivity towards insertion and addition reactions of met- 

[*’ Present address: Zentrale Forschung, Bayei- AG. ZF-MFE 
Gcbaude Q 18, 51368 Leverkusen. 

‘‘‘1 X-ray crystallography 

al-ligand fragments, especially when the M-M bond is 
polarized, as observed for early-late bimetallic or 
transition-metal/mam-group element bonds[l61. For com- 
plexes containing homometallic M-M bonds as in dimcrs 
L,M - M L ,  (where L, = Ll), no electronic polarization ef- 
fects are available to enhance the reactivity and sub- 
sequently cleave the particular M -M bond. Drastic reac- 
tion conditions are therefore often necessary to enhance the 
reactivity of these M-M bonds towards insertion or ad- 
dition rcactions. Onc way to activate such M-M bonds 1s 

to sterically overcrowd the ligand L periphery at each 
L,,,M fragment. This may result in a substantial weaken- 
ing of the M-M bonding, an increased reactivity, and 
consequently, a homolytic scission of the particular M - M 
bond in such complexes. 

To this end we have concentrated our activity on the di- 
ineric [{(q5-Cp)Ni(PEt,)},] (I), containing an unbridged 
Ni-Ni bond[’]. Although the length ol‘ the M-M bond in 
1 is in the uwal range for a Ni-Ni siiigle bond and shows 
no significant elongation, 1 displays an unusually high reac- 
tivity with respect to scission of its unbridged Ni-Ni bond. 
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This may in fact be a result of the sterically crowded en- 
vironment around both Ni atoms of 1. as revealed by X-ray 
crystallography and by 'H-NMR spectroscopy in solution. 
Rotation of the PEt3 ligand around the Ni-Ni bond vector 
is restricted even in solution due to steric hindran~e'~]. 

We have found previously that SnClz inserts into the 
Ni-Ni bond of 1 yielding [((q5-Cp)Ni(PEt3))2SnC12][71. 
Subsequent dehalogenation leads to the stannio(1V) mono- 
chloride complex [ {(qs-Cp)Ni(PEt7)) ,SnCl][']. Herein we 
dcscribe our studies of insertion reactions of 1 with group 
13 monochlorides [ :(Me3Si)2CH) ,AlCl], InC1, and TIC1 
and with elemental Ga and Hg leading to clusters contam- 
ing unsupported bonds between Ni and these group 13 met- 
als. These reactions represent a new synthetic approach to 
the synthesis of this type of  compounds. 

Results and Discussion 
Reaction of 1(q5-Cp)K(PEt3)},] ( 1 )  with Indium(1) Chloride 

1 reacts readily with InCl at room temperature to form a 
dark orange coloured chloro-bridged InlNi complex [ {(qs- 
Cp)Ni(PEt3))zInCl]2 (2) (eq. 1). 

Equation 1 

2 is stable in solution (toluene or THF) at room tempera- 
lurc or at elevated temperatures; it is slightly soluble in 
ether and insoluble in pentane. According to an X-ray crys- 
tal structure investigation, 2 is dimeric in the solid state 
(Figure 1)181. 

The two chlorine atoms bridge two individual [ { (q5- 
Cp)Ni(PEt3))21n] rragments. The In atoms show a strongly 
distorted tetrahedral geometry with bond angles Nil - 
In-Ni2 136.0( 1)". Nil .2-In-C1 lOh", C1-In-Cl SO.Z(l)'. 
The intramolecular In-In distances are nonbonding (4.14 
A). The Ni-In distances [2.495(1) and 2.503( 1 )  A] are signifi- 
cantly different but are within the range observed for other 
complexes with Ni-In and In-X (Cl, Br. I) bonding e.g. 
[ { (q 5-Cp)(C0)2Fe', - InCl]2[9], [( C6H5)3(i1 '-Cp)Ni - TnRr- 
{O=P(C6H5)3}]"01, and [ (T~~-C~H~) (CH, )~NM~~] - (CH~)D-  
Ni-In12[1'al. The two In-Cl distances in 2 are only slightly 
different [2.678(2) and 2.735(2) A]. 

Homometallic M -M bonding in the heavier group-13 
organometallics has only recently been established un- 
equivocally112.13~. However, until now no organometallic de- 
rivatives L,M'M-MM'L, with direct M-M bonding be- 
tween heavier group-13 metals have been knownll4l1. In an 
attempt to dehalogenate 2 with activated Mg["] lo obtain a 
halogen-free cluster containing unsupported Ni- In bonds 
we obtained the tris( organonicke1)-substituted cluster 4. 

Equation 2 

4 

Figure 1, Molecular structure of 2 in the solid state as determined by X-ray crystallography["] 

Selected bond lenglh [A] and anglcs ["I: In-Nil 2.495(1), ln-Ni2 2 503(1). In-C1 2.678(2). In-Cl* 2 735(23. Ni-PI 2.117(2). Ni-P2 
2.100(2); CI-In- Cl* 80.2(1 j, CI-In-Nil 106 4(1), CI*-In-Ni(l) 107 3(1). P2-Ni2-In 94 4(1), PI-Nil-In 94 4(1), CI*-In-Ni? 
107.1(1), C1-In-Ni2 105.6(1), NiZ-In-Nil 136.0(1). In*-CI-In 99 9(1 j 
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Its main structural feature is an In atom with trigonal- 
planar coordination and bond angles Nil -In- N12 
113.5(1)", Nil -1ii-Ni3 126.3(1)". and Ni2-In-Ni3 
1 19.8(1)" as determined by X-ray crystallography (Figure 2) .  

Figure 2. Molecular structure of 4 in the solid state ax deterniitied 
bj7 X-ray crystallography["] 

c28~n C26, 0 C29 

c7 c10 

La] Selected bond length [A] and angles ["I: Nil-In 2.526(1), 
Ni2-In1 2.536(1), Ni3-In 2.538(1). Nil-P1 2.110(2). Ni2-P2 
2.080(2), Ni3-P3 2,123(2): Ni(2)-Iii-Ni(l) 113,S(l), 
Ni3-Iii-Nil l26.3(1), Ni3-ln-Ni2 I I9,9(1l PI-Nil-In 
94.2(1). P2-Ni2-In 9S.1(1), P3-Ni3-Inl 99.3(1). 

I n  comparison to 4 a nearly ideal trigonal-planar structure 
with Co-In-Co average bond angles of 119.8" is found for 
the isostructural cluster [In ~ C O ( C O ) ~ ' , ~ ] [ ' ~ ~  as well as loor the 
mixed organometallic Ru/In cluster [ I(rl'-Cp)Ru(CO),S,In] 
(Ru-In-Ru 1 19.9')[l71. 4 is a member of the group of tran- 
sition-metal complexes containing group-] 3 elements and 
displaying trigon al -planar stereochem i stry oft  he h eteroat om 
of which oiily metal carbonyl derivatives such as 
[E{Co(CO),},] (E = Ga, In, T1)["-2"], [E{Mn(C0)s',7] (E = 
Ga. In, T1)~21--23]. [M2(CO),-p-(EM(C0)s1,21 (E = Ga, In; M 
= Mn, [E{(qs-Cp)M(CO),)3] (E = Ga, T1: M = 

Mo, W)[27-2y1, [ { (q'-Cp)R~(C0)~f~In]['~], [NEt&[(InZBr4-p- 
{Fe(CO),]2][301, [GaC(rl'-Cp)Fe(C0)213]1311 are known to 
date. 4 represents the first carbonyl-free Ni-In cluster con- 
taining unsupported Ni-In bonds and is stable in solution 
and in the solid state. 

The average Ni-In bond lcngth in 4 is 2.533 A and de- 
serves discussion. A calculated Ni -111 single bond distance 
based on the covalent radii of indium { 1.414 A from 
the structure of [InzCCH(SiMe3)2)$['2c] which contains 
three-coordinated In} and nickel t 1.203 A from [{(11'- 
Cp)Ni(PEt,))*] I[']$ is 2.617 A. However, the Ni-In bond 
length in 4 is apparently elongated when compared to the 
carbonyl-free complexes [(C,H5)3(q5-Cp)Ni-InBr{ O=P- 
(C,Hs),t]['"I and [(q5-C5H4)(CH2)2NMe2](CH3)3NI- Inlz[' '1 
containing unsupported Ni- In bonds. In general. short (T 

bonds between transition-metal- ligand fragments and In 

and Ga fragments occur (i) when the group-13 metal atom 
has a low coordination number and additional electroiiega- 
tive ligands and (ii) the transition metal bears no strongly 
n-accepting l igand~[~- '~1 Although t h e  conditions are ful- 
filled for 4 (e.g. threefold coordination) its Ni-In bond is 
significantly elongated when compared to the complexes 
mcntioaed above. Wc assigned this fact to the stet-ically en- 
cumbered environment around the Ni atom of 4. The bond- 
ing might best be explained by an ionic formulation [In]" 
+ 3 (rli-Cp)Ni[P(C1H5)7]-[~11. 

Reaction of [((q5-Cp)Ni(PEt3)}2j (1) with Thallium(1) Chloride 

Reports of transition-metal complexes containing trig- 
onal-planar coordinated TI arc scarce[72]. We therefore stud- 
ied a similar reaction to that given in eq. 1. the reaction of 
TlCl with 1 in THF solution at room temperature (eq. 3). 

After stirring the reaction mixture overnight, we observed. 
in contrast to the reaction of 1 with InC1. a metallic mirror 
(presumably elemental T1) which indicates either a dispro- 
portionation reaction of 5 formed in situ (eq. 3), or a redox 
reaction of 5 with unreacted 1 followed by dispro- 
portionation and subsequent formation of 6 (eq. 4). How- 
ever, we could no1 dctect any [(i1'-Cp)Ni(PEt3)C1] in the reac- 
tion mixture. Experimental support for a disproportionation 

Equation 3 
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pathway comes from the observation of Walther and co-wor- 
kers who found that TI-M bonds in RzTl-ML, complexes 
(ML, = [(q5-Cp)M(C0),L]; M = Mo, W, L = CO, PPh?) are 
unstable towards disprop~rtionation[~’l. From the spectro- 
scopic data we deduce for 6 a structure similar to that found 
for 4. The ‘H-, ‘3C{’H)-, and ”P(’H)-NMR spectra of 6 
show significant ’,IHTI, 2Jcn, and *JP r, coupling (see Exper- 
imental Section). 

Reaction of [{(q’--C~)Ni(l’Et~)}~] (1) with Elemental Gallium 

Extending our studies to the group-13 element Ga, we 
started from Ga metal instead of GaCl and reacted elemen- 
tal Ga with 1 in order to synthesize the Ga analogues of 4 
and 6 .  Refluxing a nearly threefold stoichiometric excess of 
Ga with 1 in THF for two days afforded a brown reaction 
mixture from which, after purification by column chronia- 
togrdphy, purple crystals of [((qS-Cp)Ni(PEt3))3Ga] 7 could 
be isolated by a conproportionation reaction (eq. 5). 
Equation 5 

1 

As expected. the NMR spectra (’H, 13C, 31P) of the Ga 
analogue 7 resemble the spectra of the In compound 4 
closely (see Experimental Section). On this basis, as well as 
on the chemical composition of 7 determined by elemental 
analysis, we assign the same structure to 7 as to 4. 

Reaction of [((q5-Cp)Ni(PEt3)}2j (1) with (((Me3Si)2CH}2AICI] 

As a further extension to our studies with the monochlo- 
rides InCl and TlCl we turned our attention to the element 
Al. However, the monochloride AlCl is a metastable mol- 
ecule, stable only below -195°C and accessible by a high- 
temperature ~ y n t h e s i s [ ’ ~ ~ ~ ~ ~ j .  No reaction under straightfor- 
ward conventional experimental conditions similar to those 
given above is therefore possible between AlCl and 1. We 
have thus restricted our studies of Al to the monochloride 
[ { (Me3Si)ZCH},AICI]~””,”~ which contains Al”’, and its re- 
action with the Ni-Ni bonded dinier 1 .  A greenish brown 
solution of 1 in ether reacted immediately with CIAlT1’R2 
[R = CH(SiMe&] resulting in a colour change to deep 
brown (eq. 6). 

Subsequent workup of the reaction mixture and crystalli- 
zation afforded brown crystals of 8 in 40% yield. The reac- 
tion of 1 and ClAlR2 [R = CH(SiMe&] proceeded with 
scission of the Ni-Ni bond, but in contrast to thc reaction 
of InCl and TlCl no formation of Ni-E bonds; instead a 
salt-like structure as revealed froin an X-ray structure deter- 
minalion, was formed (Figure 3). Aside from this product 

1436 

Equation 6 

8 

we could not detect any other complex in the reaction mix- 
ture e.g. the possible dialan reduction product [ {(SiMe&- 
CH}2A1]211Zaj. 

Figure 3. Molecular structure of 8 in the solid state as determined 
by X-ray crystalllography~dl 

C30 

c22 

c10 C 

La] Selected hond length [A] and angles [“I: NI-P 2.170(4), AI-CIl 

PI-Ni-P2 104.8(1). CI1-Al-C12 101.9(1), C12-All-C21 

The cationic orgaiionickel fragment of 8 has a 18-VE 
configuration and a half-sandwich structure. The two NI -P 
bond lengths are equal within experimental error [2.170(4) 
A] and are in accord with the Co-P bond distances in the 
isostructural, paramagnetic 17-VE C5Me5Co analogue 
(2.246 The closed shell 8e- anion of 8 (C12AIR2)- 
[R = CH(SiMe,),] exhibits a strongly distorted tetrahedral 
geometry around its A1 centrc. The closely related ionic 
complex [(q5-Cp)Ni { P(C6H&} Z][InBr4] has recently been 
prepared by Fischer~”’1 but was not siructurally charac- 
terized. 

We have also studied thermal and photochemical reac- 
tions of 1 with Uhl’s dialan [ { (SiMe3)2CH)2A1]2[’2”l con- 
taining an unbridgcd A1-AI bond, in order to synthesize 
clusters with direct Ni-A1 bonds. To the best of our knowl- 
edge compounds of this type have only been described in 
three cases[37]. However, to our surprise, either under ther- 
mal (THE: 60°C) or photolytic conditions ( 5  hours, UV ir- 

2 196(4), AI-Cl2 2 198(4), AI-C21 1.9&3(13), AIFC28 1.986(12): 

106.3. C12-All-C28 
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radiation, 240 nin) the dialan showed no reactivity towards 
1. Following UV-irradiation of a solution of 1 and the di- 
alan [{(SiMe3)2CH)2Al]2 for five hours i n  pentane the di- 
alan could be recovered in 90%) yield whereas 1 was com- 
pletely decomposed. This decomposition process is possibly 
iiiitiated by a scission of the Ni-Ni bond followed by 
further decomposition processes of the photolytically gen- 
erated 17-VE [(Cp)Ni(PEt3)]' radical fragments. If one re- 
calls that [{(SiMe3)2CH)2A1]2 is described as photolytically 
labile generating [((SiMe3).ZCH)2AI]' and [{(SiMc&CH 12- 
Al- A1 {(SiMe&CH'},] radicals upon UV 
its inertness towards I is most surprising. 

Reaction of [{(q'-Cp)Ni(PEt,)),] (1) with Elemental Hg 

In an attempt to extend our studies towards insertion re- 
actions of group 2 metal atoms into the Ni-Ni bond of 1 
we include the elemental magnesium in our investigations. 
Since amalgamation is a well-known technique in or- 
gaiiometallic synthesis for activating electropositive metals 
we reacted Mg/Hg alloy with 1 according to the method or 
Vickers who observed insertion of Mg atoms into the 
Ni-Ni bond of the dimer [{(q5-Cp)Ni(CO)2)2] by reaction 
with Mg/Hg alloy["]. Surprisingly, the more noble Hg 
rathcr than Mg inserted into the Ni-Ni bond of 1 resulting 
in the formation of the trinuclear complex [ { (q'-Cp)Ni(P- 
Et,),Hg] 9 (eq. 7). No insertion of Mg was observed in this 
reaction. We found that 9 could also be formed by a direct 
reaction of Hg metal and I .  

The solid-state molecular structure of 9 as determined by 
X-ray structure investigation is depicted in Figure 4. 

The Hg atom occupies a centre of inversion resulting in 
a linear Ni-Hg-Ni* arrangenicnt which is also found for 
the Ni/Hg/Ge cluster [p-Hg,- { (Ph3Ge)2Ni(i15-Cp))2]1391. 
The observed Ni-Hg single bond length in 9 is 2.468(1) A 

9 

and is in thc range of other Ni-Hg["I and Ni-Cd[401 dis- 
tances showing a linear Ni-Hg\Cd)-Ni arrangement. The 
Hg-Ni-P bond angle [88.5(1) A] and the short P-Hg dis- 
tance [3.203(1) A] (sum of van der Waals radii P-Hg: 3.18 
A) may account for a P-Hg interaction in 9 in the solid 
state. However, in solution, as judged from the "P-NMR 
spectrum, the *J,1L'-iwg coupling constant (699 Hz) clearly 
does not confirm this, since for 2J2~p-199Hg interactions val- 
ues from 4300 up to 5700 Hz are observed[41]. 

Conclusion 

In examining the reactivity of the dimer 1 towards main 
group monochlorides we have found that the heavier group 
13 monochlorides InCl and TlCl react in different ways 
with the Ni-Ni bond of I .  While InCl forms the chloro- 
bridged dimer 2, as a stable compound, thc appropriate T1 
dimer, which may eventually be formed as an unstable inter- 
mediate in this reaction, decomposes by a dispro- 
portionation route to form thc halogen-free tris-orga- 
nonickel complex 6 directly, In contrast to this observation 
thc corresponding In analogue 4 is, however, accessible via 
a dehalogenation reaction with activated magnesium metal. 
The Ga derivative 7 can be prepared by reacting 1 with 

Figurc 4. Molecular structure of 9 in thc solid statc as determined by X-ray crystallography["] 

ld1 Selected bond length [A] dnd anglcs ["I HE-Ni 2 468(1), Ni-P 2 108(2), Hg-P 3 20312). P-Hg-Ni 41 1(1), P*-Hg-Ni 138 9(1), 
Nl-Hg-Nl 180 0(1), Hg-Ni-P 88 5 
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Table 1. Crystal data and structure relitiemenl Ibr 2, 4, 8. and 9 

2 4 S 9 

empirical formula Cs4H80CIZlnzP4N~.r C,3H,,InNi3P\ C,IH,,AICI&IP&* C ~ ~ H , " H ~ N I , P A  

diffnctometer EnmF-Nonius CAD4 Enraf-Nnnius CAD4 Nwlel R3mV Fnraf-Nonius 

CADj 

A, A 071069 154178 0 71069 0 71069 

space group P i  (no.2j C2ic (no 15) p i  (no 2) PI (1102) 

crystal w e ,  mnl 0 3 7 1  0 37 x 0 3 7  0 08 x 0  31 x 0 2 5  0 33 x 0 2 7  x 0 I7  0 I5 x 0 2 4  x 

0.41 

a , A  9 500(1 j 21.780(1) 1 I 600(2) 7 6'21(1) 

b , A I I 979(1) 8 693(1) 14 i54(3)  8 451(1j 

C, A 12.905(1) 40 600(2) 14 939(33 11 4(17(1) 

a , o  107 877(5) 90 90 8i(3 j 7998(1) 

B I D  100 135(5) 93 20(1) 108.32(3) 86 14(1) 

Y.' 9S 169(4) 90 I03 4X( 3 )  66 %(I) 

v, A? I158 7 0 )  7674 7(6) 22x6 O(8) 663 7(2j 

z 1 X 2 1 

d,,lc,Mg . m-3 1 5 5  I 46 1 13 I 7 1  

p , crr-1 24.31 78 36 7 5  71 ns 

@,,ax. 27 45 37 5 20 0 3: 0 

scan methud m scan 0 scan w scan m scan 

iridexrangcs -13 c h  C13,-16i 0 5 t i <  5, -12 I k <  -12 < h  C12,-13 

t : r 1 6 , 0 ; 1 ~ 1 7  ~ 1 1 . 0 ~ 1 ~ 5 1  1 1 , - 1 2 c l i 1 2  < k i  13,0<1< 

-2X<h <28, O l k  

18 

refl Collected 6450 16447 2200 1815 

independent iefl 61')7 7734 1983 4x15 

obs refl(1>20(T)) 5639 6384 I142 j752 

parameters 20x 586 213 124 

abs Correction PSI-scan pSi-SLX" psi-scan 

0 824.0 998 min , max 

Structure solution heavy atom I e a q  atom direct heal7 axom 

refinement Full matiix least- Full matrix least- Full matrix least- Full matnx least- 

squares on fi ta] squares on F2bI squares on F["1 squares on F[a1 

0 965. 0 999 D 524, I 000 

R 0 041 0 055 0051 0.048 

RW 0 043 0 172 0 071 0 045 

Kesidual hlection I 02 1x0 0 36 1 F? 
L)enmty 

Goodness offit 8 99 132 2 28 4 4h 

All H-atom positions were calculatcd and refined in fixed positions: 

P = (Fo2 + 2 Fc2)/3. - ICl w-' L&FJ + 0.0005 Po2]. 
la] 11: = I/& (F'). - Lb1 11' = I /  n2 + (0. I00P)' + 0.000P], \+het-e 

elemeiital Ga. The monochloride CIAIRl [K = 

CH(SiMe&] does not react with 1 to form a Ni-A1 cluster 
similar to 4, 6, and 7. Instead scission of the Ni-Ni bond 
of 1 followed by an PEt, ligand transfer reaction and for- 
mation of the salt 8 is observed. A three atom Ni-Hg-Ni 
bridge i s  found in 9 which is accessible either by an inser- 
tion reaction into the Ni-Ni bond of 1 by elemental Hg or 
by using Hg/Mg alloy as the metal source. 

In summary, the versatility of the Ni-Ni bonded dimer 
1 to serve as a unique educt for the formalion of  carbonyl- 
free transition-metalhain-group clusters with unsupported 
metal-metal bonds has been proven. 
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Experimental Section 
Gm~rcrl: All reactions were carried out under an argon or nitro- 

gen atmosphere, solvents were dried over NaiK alloy. CaH, or 
NaAIEt4 and were freshly distilled prior to use. Aluminium oxide 
was dried heating for 5 days to 180°C under vacuum. 1'''. 
[',CH(SiMe3)2)2A1]2['~~'] and [:CHISiMel)~)2AICl]l"1 were prepared 
as published. Other chemicals were commercially available and 
were used without further purification. - NMK spectra were re- 
corded on Bruker .AC 200, AM 200, A M  300, or WH 400 FT 
spectrometers. 'H- and "C-NMR chemical shifts were referred to 
the remaining proton signals of the deuterated solvents and rcfer- 
eiiced to TMS. "P-NMR chemical shifts are referred to the extcr- 
nal standard H3P04. - IR speclra were recorded on a Nicolet 
7199-FTIR spectrometer as KBr mulls. - The mass spectra wcre 
routinely performed on a Finnigan MAT 31 IAIL)).' by electron im- 
pact at 70 eV unless noted otherwise. - Elemental analyses were 
perfbrmed by Mikroanalytisches Laboratoriuin Doriiis & Kolbe, 
Mulheim an der Kuhr or by the microanalytical laboratory of the 
University of Essen. 

Synthesis (if [ {(??5-Cp)~Vi( I'Et3) 1)21iiC~l]2 (2):  To a solution of 
463 mg (0.96 mmol) of 1 in toluene 139 mg (0.93 mmol) of InCl 
was added at -20°C. The mixture was warmcd to room lempera- 
ture and stirred for 16 h whilst the colour changed to orange. The 
solvent was evaporated and the residue exhaustively extracted with 
ether. The extract was concentrated in vacuo and crystallized at 
0°C. 2 was formed as dark crystals. Yield: 298 mg (50%). - 'H 
N M R  (300 K ?  [DXITHF, 200.1 MHz): 6 = 5.12 (5H. S, Cp-H), 1.60 
(6H. 4. JHH = J H p  7.7 Hz, CHZ), 1.06 (9H, dt, J 1 l p  = 15.4 Hz, 
(:H3). - "C N M K  (300 K; [DSITHF, 50.3 MHz): 6 = 87.5 (Jcp = 

27 Hz, C-Cp), 21.1 ( J c p  = 27 HZ. CHJ; 8.5 (CH3). - 31P NMR 
(300 I(, [D8]?'HF, 81.0 MHz): 8 = 29.2. ~ C41H80C121n2NilP4 
(1268.32): calcd. C 41.67, H 6.36, CI 5.59, In 18.11, Ni 18.51, P 
9.77; found C 42.16. H 6.54, C1 5.64. In 17.84. Ni 1829, P 9.77%. 

Sj.nfhr.si,v .J' [j($-Cpl,V-iiPEt,,I ).+In] (4): A solution of 2 in 
toluene was prepared from 407 mg (0.84 mmol) of 1 and 123 mg 
(0.82 mmol) of InCl as described abovc. After stirring overnight 
the solvent was evaporated and the residue dissolved in THE The 
solution was transferred to 19 mg (0.78 mmol) of activated mag- 
ncsium. The colour of the mixture changed within 4 h from orange 
to purple. The solution was evaporated to dryness and the residue 
was extracted with pentane. The extract was concentrated in vaciio 
and crysiallized at 0°C. 4 was isolated as dark needles. Yield: 259 
mg (S5%1). - IH N M R  (300 K. [&]THY. 20U.1 MHz): 6 -= 5.02 
(5H, s. Cp-H), 1.55 (GH, quintet, .IlIH = JHp = 7.5 Hz, CH2), 1.09 
(9H, dt, J H p  = 15.0 Hz. CH?). - I3C NMR (300 K, [DXITHF, 50.3 
MHz): 6 = 87.3 (Jcp = 2 Hz, C-Cp). 21.6 (Jcp = 25 Hz. CH,), 
8.4 (CH,). - "P NMR (300 K, [DSITHF, 81.0 MHz): 6 = 22.1. - 
C33H601nNilPI (X40.66): calcd. C 47.15, H 7.19; I n  13.66. Ni  20.94, 
P 11.05; found C: 46.90, H 7.27, In 13.56, Ni  20.79, P 10.95'%1. 

Synthesis of rC(ij'-C~)NiiPEt,l j3TI] (6): To a solution of 532 
mg (1.10 mmol) of 1 in ether was added 264 mg (1.10 mmol) of 
TlCI. The mixture was stirred for 16 h, while the colour changed 
to dark brown. In addition, a metallic glimmering solid was 
formed, which was removed by tiltration and discarded. The re- 
sulting solution was concentrated in vacuo and crystallized at 0°C. 
6 was obtained in the form of large metallic glimmering crystals. 
Yicld: 180 mg (26%). - 'H NMR (300 K, [I),]THF, 200.1 MHzj: 
8 4.84 (5H. d. J~rrl 12 Hz, Cp-H), 1.50 (6H; q, J H H  = J H p  = 

7.5 Hz, CH1), 1.14 (9H. dt, J I i p  = 15.0 Hz, CH3). - I3C N M R  
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(300 K. [DSITHF. 50.3 MHz): 6 = 87.4 (Jc-1 = 21 Hz, C-Cp), 19.5 
(Jcr = 26 Hz, Jc-I.I = 85 Hz, CH2), 8.2 (Jcn = 10 Hz, CH?). - 
"P NMR (300 K, [DSITHF, 81.0 MHz): 6 = 11.7 (JpTI = 530 H7). 
- C??Hh0Ni3P3TI (930.22): calcd. C 42.61, H 6.50, Ni 18.93, P 9.99, 
TI 21.97; found C 42.86. H 6.68, Ni 18.51, P 9.91, T1 22.16% 

Synthesis of [ ~ ( i ~ ' - C p j ~ ~ ~ P E t ~ ~ ~ ~ G a ]  (7): To a solution of 410 
mg (0.85 niniol) of 1 in THF was added 200 mg (2.87 nimol) of 
metallic gallium and the mixture refluxed for 48 h .  The colour 
changed to red brown. The solution was removed from the excess 
gallium. aluminium oxide added, and the solvent evaporated. The 
resulting i-csidue was placed on a column filled with aluminium 
oxide and separated by chromatography with ether. The purple 
zone was eluted and evaporated to dryncss and the residue recrys- 
tallized from pentane. 7 was obtained as  dark crystals. Yield: 93 
mg (14Y~). - 'H NMR (300 K, C6D,, 200.1 MHz): 6 = 5.14 (511, 
S, H-Cp). 1.27 (6H. q,  J H H  = J H P  = 7.6 Hz, CH2), 0.78 (9H, dt, 
J H ~  = 15.3 Hz, CH?). - "C NMR (300 K. C6D6. 50.3 MHz): 6 
= 89.6 (C-Cp), 21.4 ( J c p  = 26 Hz. CHI), 9.0 (CH3). - 31P N M R  
(300 K, C,D6. 81.0 MHz): 6 = 21.3. - C33H60GaNi3P3 (795.62): 
calcd. Ni 22.14. P 11.68; found Ni 21 28. P 11.67%. 

[($- Cp) Nii PEt., I J +  [ ~ i S i M ~ ~ l Z C H i 2 . 4 1 C ] ~  (8): 220 mg 
(0.454 mmol) of 1 and 100 nig (0.26 mmol) of[iCH(SiMe:)2j2AICI] 
were dissolved in 30 ml of ether and stirred for 20 hours at 20°C. 
During this lime a brown microcrystalline residue was formed and 
the colour of the rcaction mixture changed from green brown to 
dark brown. After evaporation of the solvent the solid residue was 
dissolved in a mixlure of THFlpentane (3:1), filtcrcd, and cooled 
to -30°C. 140 mg of 8 (0.181 nimol, 40%) as dark brown crystals 
were isolated. A second crop of crystals wcre obtained from the 
mother liquor by prolonged cooling to -30°C. . ' H  NMR (300 
K, [D8]THF, 300.1 MHz): 6 = 5.60 (s, 5H, Cp), 1.73 (m, 6H, 
CH2-), 1.16 (q, 9H, JII.p 15 Hz, CH3). 0.1 (s, 36H, %Me,), -1.22 

6 = -32.4 (-CH2). 4.7 (SiMe3), 7.9 (CH;), 18.60 (Jp(-. 27 Hz, 

30.38. - ESI pos. (CH3CN) cation: 358.98 (90) [{CpNiPEt3J2], 
281.93 (100): ESI neg. (CH3CN) anion: 415.05 (100) 
[{(SiMe,),CH},AICl,]. - C3,H72AICI,NiP2Si4 [775.78] calcd. C 
47.94, H 9.66: found C 47.99; H 9.35'%. 

(s; 2H, -CH?-j. - 13C(1H} NMR (300 K. [DJrHF, 75.1 MHz): 

-CH2-). 94.5 (Cp). - "P('H} NMR (300 K, [DgITHF): 6 = 

L~vnthe.sis of [ {(17-'-Cp) h'i(PEt,) )211gJ (9): To a solution of 556 
mg (1.15 inniol) of 1 in THF was added 3 ml (20.3 mmol) of Hg 
and the mixture was refluxed for 24 h. The colour changed to or- 
ange. Thc solution was removed from the excess mercury and the 
solvent evaporated. The residue wcis exlractcd with pentane, thc 
extract concentrated in V~CLIO and crystallized at -30°C. 9 was ob- 
taincd as long orange needles. Yield: 504 ing (64'%1). - 'H NMR 
(300 K, C6D6, 400.1 MHz): 6 = 5.16 (5H, H-Cp), 1.12 (GH, q, J H H  

= JpH = 7.6 Hz, CH?). 0.96 (9H. dt, J p H  = 15.3 Hz, CH;). - 
'3C{'H) NMR (300 K, C@6; 50.3 MHz): 6 = 85.4 (C-Cp), 21.4 
(Jpv = 27 Hz, CHJ, 8.4 (CH3). - 31P NMR (300 K, C~DI , .  81.0 
MHz): 6 = 29.8 (JpHp = 699 Hz). - MS (70 eV). n//: (%): 684 (3) 
[M-I. 364 (3) [M+ - CpNi(PEt3)], 241 (80)  [CpNi(PEt,)H+]. - 
CL2H,,,HgNi,P2 (684.52): calcd. C 38.60, H 5.89. Hg 29.30, Ni 
17.15. P 9.05; found C 38.39, 11 6.02, Hg 29.35, Xi 17.19, P 8.94%. 

* Dedicated to Prof. Dr. G Hurriiev on the occasion of his 60th 
birthday. 
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