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A series of organoindium compounds which incorporate the (trimethylsily1)methyl ligand, In(CHZSiMe3),Cl3_, (x = 1, 
2, 3), have been prepared and fully characterized by elemental analyses, NMR and IR spectroscopy, molecular weight 
data, solubility properties, Lewis acid-base studies, and hydrolysis experiments. The parent compound In(CH,SiMe,), 
was prepared from InCl, by a standard Grignard reaction in diethyl ether solution. All data confirm that In(CH2SiMe?),, 
a liquid at room temperature, exists as a monomeric three-coordinate species. The ((trimethylsilyl)methyl)indium-chlorine 
compounds were prepared from In(CH,SiMe,), by means of an exchange reaction with InCl, or an elimination reaction 
with HC1. All properties of [In(CH2SiMe3),C1I2 and [In(CH2SiMe3)C12]z, crystalline solids at room temperature, are 
consistent with chlorine-bridged dimeric structures. The available data suggest that the chlorine-bridged dimer of [In- 
(CH2SiMe3)CI,I2 probably has extensive association in the solid state. The Lewis acid-base and hydrolysis studies suggest 
that the bulky (trimethylsily1)methyl ligand does not substantially alter the behavior of the indium derivatives when compared 
to other analogous organoindium compounds. 

Introduction 
Organometallic compounds which incorporate the (tri- 

methylsily1)methyl ligand are of interest because of their 
unusual chemical properties.’ A characteristic property of this 
class of compounds is their enhanced thermal stability when 
compared with methyl or ethyl analogues. Even though this 
bulky ligand has produced some transition-metal derivatives 
with unusual coordination numbers, many compounds are 
normal.  Tris((trimethylsilyl)methyl)aluminum,2 Al- 
(CH2SiMe3)3, exists as the expected mixture of monomeric 
and dimeric species in benzene solution. All attempts to 
prepare the corresponding gallium compound2 were sur- 
prisingly unsuccessful. Some compounds of the group 4 el- 
ements, germanium, tin, and lead, with the bis(trimethy1- 
sily1)methylene ligand, -CH(SiMe3)2, have been investigatedn3s4 
The tin(I1) compound exists as a dimer in the crystalline state3 
and has an extensive c h e m i ~ t r y , ~  (i) behaving as a Lewis base, 
(ii) behaving as a Lewis acid, and (iii) undergoing oxidative 
addition reactions. Unusual radicals of the general formula, 
o M [ C H ( S ~ M ~ ~ ) ~ ] ~  (M = Si, Ge, Sn), have also been prepared 
and characterized.5 

In this paper we report the syntheses and complete char- 
acterization of some (trimethylsily1)methyl derivatives of 
indium(II1) including In(CH2SiMe3)3, I r ~ ( c H , S i M e ~ ) ~ c l ,  and 

In(CH2SiMe3)C12. The goal of this research was to determine 
whether the CH2SiMe3 ligand introduced any unusual or 
unexpected chemical properties in indium(II1) chemistry. 
Experimental Section 

All compounds described in this investigation were manipulated 
in a vacuum line or a purified nitrogen or argon atmosphere. The 
solvents and reagents were purified by conventional means. New 
compounds were analyzed for indium by EDTA titration.6 Chlorine 
was determined by standard gravimetric procedures. 

Preparation of I ~ I ( C H ~ S ~ M ~ ~ ) ~ .  The compound In(CH2SiMe3)3 
was prepared from InCl, and the Grignard reagent Me3SiCH2MgC1 
in diethyl ether solution.’ An argon-purged flask, charged with 5.62 
g (25.4 mmol) of InCI, and 50 mL of ether, was equipped with a 
mechanical stirrer, condenser, dropping funnel, and inert-gas bubbler. 
Then, the previously prepared and standardized Grignard reagent (65 
mL, 1.24 M) in ether solution was slowly added to the InCI, over a 
period of 1 h. After addition was complete, the white pasty mixture 
was refluxed for 3 h. Diethyl ether was removed by vacuum distillation. 
The product, In(CH2SiMe3),, a liquid at room temperature, was then 
distilled from the reaction flask at 110 OC under high vacuum. The 
yield of In(CH2SiMe3), was 7.78 g (81.5%) based on InCI,. Anal. 
Calcd for In(CH2SiMe3),: In, 30.5. Found: In, 30.4. 

Preparative reactions for In(CH2SiMe& with InBr3 in diethyl ether 
or tetrahydrofuran lead to impure products or an adduct, In- 
(CH2SiMe3),*THF. It was not possible to remove the THF from 
In(CHzSiMe3), quantitatively. Typical solvents for In(CH2SiMe3)3 
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include n-pentane, benzene, methylene chloride, acetonitrile, and 
diethyl ether. 

Preparation of In(CH2Siie3)2Cl and In(CHaiMe3)C12 The chloro 
derivatives were prepared by either an exchange reaction between 
In(CH2SiMe3)3 and InCI3 (eq 1 and 2) or an elimination reaction 
between In(CHzSiMeJ3 and HC1 (eq 3 and 4). Different stoi- 

bcnzene or Et@ 
41n(CHzSiMe3), + 2InCl3 rcnux 61n(CH2SiMe3),C1 (1) 

Et@ 
41n(CHzSiMe3)3 + 81nC13 - 121n(CH2SiMe3)Clz (2) 

In(CH2SiMe3)3 + HC1 - In(CH2SiMe3)2C1 + SiMe4 (3) 

In(CHzSiMe3)3 + 2HC1 - In(CH2SiMe3)Clz + 2SiMe4 (4) 
chiometries were required for the different products. All four reactions 
went to completion and were apparently quantitative. The product, 
In(CH2SiMep)zC1, a white crystalline solid, was purified by vacuum 
sublimation at 90 OC and had a melting point of 88-91 "C. Typical 
solvents for In(CH2SiMe3),C1 include n-pentane, benzene, methylene 
chloride, acetonitrile, and diethyl ether. Anal. Calcd for In- 
(CH2SiMe3)2C1: In, 35.4; CI, 10.9. Found: In, 35.5; C1, 11.2. 

The compound In(CHzSiMe3)C12, a white crystalline solid, was 
purified by vacuum sublimation at 150 OC and had a melting point 
of 167-170 OC. Solvents include diethyl ether and acetonitrile. The 
compound has very limited solubility in benzene and methylene 
chloride. Anal. Calcd for In(CH2SiMe3)Clz: In, 42.1; C1, 26.0. 
Found: In, 42.6; C1, 25.9. 

Molecular Weight Studies. Molecular weight measurements,were 
obtained cryoscopically in benzene with an instrument similar to that 
described by Shriver.* The following molecular weight data were 
observed. In(CH2SiMe3)p (mol wt 376) calcd molality of monomer 
(obsd mol wt): 0.0836 (417), 0.0612 (410), 0.0454 (400). In- 
(CH2SiMe3),C1 (mol wt 325): 0.0780 (659), 0.0605 (647). In- 
(CH2SiMe3)Cl,: insufficient solubility in benzene for molecular weight 
measurements. 

Infrared Spectra. The infrared spectra were recorded in the range 
4000-250 cm-' by means of a Perkin-Elmer Model 457 spectrometer. 
The spectra were recorded as neat liquids or as Nujol mulls by using 
CsI plates. Absorption intensities were measured by using the method 
of Durkin, Glore, and D e H a y e ~ . ~  

The following are the spectral data [frequency, cm-' (intensity: 
s, strong; m, medium; w, weak; sh, shoulder]. Bands due to the mulling 
agents have been omitted. 

In(CH2SiMe& (neat liquid): 2935 (vs), 2885 (s, sh), 1440 (w), 
1400 (w), 1350 (w), 1291 (w, sh), 1244 (vs), 920 (s), 825 (vs), 757 
(vs), 720 (vs), 692 (s, sh), 580 (m), 490 (m). 

In(CH2SiMe3)&!1 (Nujol mull): 1248 (vs), 946 (s), 825 (vs), 757 
(vs), 720 (s), 693 (m, sh), 573 (m), 518 (w, sh), 477 (m), 360 (w). 

In(CH2SiMe3)C12 (Nujol mull): 1305 (w, sh), 1255 (vs), 1008 
(s), 825 (vs), 775 (s), 763 (s, sh), 725 (s), 697 (m, sh), 595 (m), 512 
(m), 308 (m, sh), 265 (m). 

Nuclear Magnetic Resonance Spectra. The 'H NMR spectra were 
recorded at 100 MHz and ambient temperature with a Jeolco Model 
MH-100 spectrometer. All chemical shifts are given in ppm and are 
referenced to tetramethylsilane as 10.00 ppm. The following chemical 
shifts (7 )  were observed in CH2C12 solution: In(CHzSiMe3)3 9.98 
(CH2), 9.88 (Me3); In(CHzSiMe3),C1 9.67 (CH,), 9.82 (Me3); 
In(CH2SiMe3)Clz 9.77 (CH,), 9.84 (Me3). 

Lewis Acidity Studies. The Lewis acidity of the ((trimethyl- 
sily1)methyl)indium compounds was determined by reacting a 
stoichiometric quantity of the desired acid with excess base (N(CH3),, 
CH3CN, diethyl ether, tetrahydrofuran, and dimethoxyethane). After 
the reaction mixture was warmed to room temperature, the volatile 
components were removed by pumping on the sample for 4 h. If a 
stoichiometric quantity of base was retained by the acid, the stable 
adduct was characterized by its melting point and NMR spectrum. 
In those cases in which a nonstoichiometric quantity of base remained, 
the product was not further characterized. The only stable 1:l adduct 
isolated was (Me3SiCH2)31nN(CH3)3, mp 78-81 OC. NMR spectrum 
(benzene solution): T 10.31 (CH,), 9.54 (SiMe), 8.06 (NCH3). 
Dissociation pressures of base from an adduct were observed at room 
temperature for the following acid-base pairs: In(CHzSiMe3)3-THF 
and -dimethoxyethane; In(CH2SiMe3)2C1-N(CH3)3; In- 
(CH2SiMeJC12-N(CH3)3, -THF, -dimethoxyethane, and -diethyl 
ether. No acid-base interaction was observed for any other pair. 

toluene 

toluene 
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Hydrolysis Studies. The extent and relative rate of hydrolysis of 
the three organoindium compounds was studied. The hydrolysis of 
In(CH2SiMe3)3 with water was followed quantitatively over a period 
of 12 days. Degassed water (5.0 mL) was vacuum distilled onto 0.171 
g (0.456 mmol) of In(CH2SiMe3)3. When the mixture was warmed 
to room temperature, two immiscible liquids were initially observed. 
Gradually a white solid formed, which persisted throughout the 
experiment. The tetramethylsilane (Me4Si) generated during hy- 
drolysis was removed on the vacuum line by fractional distillation and 
was measured. The following amounts of Me4Si were observed (time, 
mol of Me4Si/mol of In(CH,SiM&): 1 h, 0.570; 3 days, 1.38; 5 
days, 1.83; 9 days, 2.02; 12 days, 2.04. The organoindium product 
from the 12-day hydrolysis had the following 'H NMR spectrum in 
CDC13 solution: T 2.65 (OH), 8.42 (SiMe3), 8.69 (SiCH2). The 
stoichiometry and NMR integration data suggest that the product 
of the 12-day hydrolysis has the simplest formula, In(CH2SiMe3)- 

The extent of reaction of In(CH2SiMe3)3, In(CH2SiMe3)zC1, and 
In(CH2SiMe3)C12 in 95% ethanol was determined by following the 
'H NMR spectra as a function of time. All initial samples were clear 
solutions. The following is a list of the pertinent data (compound, 
time for initial appearance of Me4Si, time for half of the organo groups 
to be converted to Me4Si): In(CHzSiMe3)3, 1 h, less than 1 day; 
In(CHzSiMe3),CI, 10 days, greater than 60 days; In(CH2SiMe3)Clz, 
18 days, greater than 6 months. 

An attempt was also made to follow the hydrolysis of the three 
organoindium compounds in water by 'H NMR. Even though Me4Si 
was observed to be formed, the limited solubilities of initial samples 
and products limit interpretation of the data. 
Results and Discussion 

A series of organoindium compounds with the (tri- 
methylsily1)methyl ligand, In(CH2SiMe3),Cl3_, ( x  = 1,  2, 3), 
have been prepared and fully characterized. The  elemental 
analyses, NMR and IR spectroscopy, molecular weight data, 
solubility properties, and the acid-base chemistry suggest the 
following molecular formulas: In(CH2SiMe3)3, [In- 
(CH2SiMe3)2Cl]2, [In(CH2SiMe3)Cl2I2. It is noteworthy that 
the bulky (trimethylsily1)methyl ligand does not introduce any 
novel structures or alter substantially the Lewis acidic behavior 
of any of these compounds when compared to other analogous 
organoindium compounds. These new compounds exhibit the 
high thermal stability expected for (trimethylsily1)methyl 
derivatives. 

The simplest compound of the series, In(CH2SiMe3)3, is 
readily prepared in 80% yield by a standard Grignard reaction 
in diethyl ether solution. The best synthetic conditions involved 
adding a 13% excess of the Grignard reagent to the InC13 in 
ether. After the addition of reagents was complete, a 3-h reflux 
period was observed to maximize the yield of In(CH2SiMe3)3. 
I t  is critical that all of the Grignard reagent is added before 
heating is initiated. Otherwise, the principal product is 
[In(CH2SiMe3)2Cl]2. These data suggest that reaction occurs 
stepwise. If the dimer of In(CH2SiMe3)2C1 is permitted to 
form, further reaction with more Grignard to yield In- 
(CH2SiMeJ3 does not occur. This hypothesis was confirmed 
when the mixture [In(CH2SiMe3)2C1] and Me3SiCH2MgC1 
in ether was observed not to react a t  reflux temperature. 

A variety of reaction conditions were changed in order to  
possibly maximize the yield of In(CH2SiMe3),. When InBr3 
was substituted for InC13 in the preparative reaction, very poor 
yields of In(CH2SiMe3)3 were obtained. The product was a 
mixture of [ 1 1 1 ( c H ~ S i M e ~ ) ~ B r l ~  and smaller amounts of 
In(CH2SiMe3)3. In another attempt to increase the yield, the 
ether was replaced with tetrahydrofuran. This change in the 
synthetic conditions lead to the isolation of solvent-adducted 
product, In(CH,SiMe,),.THF. It was not possible for us to 
remove the THF quantitatively. 

The chemical properties of In(CH2SiMe3)3, a mobile liquid 
a t  room temperature, are  indicative of a simple three-coor- 
dinate indium compound. A monomeric species was shown 
to be present in benzene solution by cryoscopic molecular 

(OH),. 



1968 Inorganic Chemistry, Vol. 18, No. 7, 1979 

weight data. The 'H N M R  and IR  data are also consistent 
with this formulation. The bulkiness of the CH,SiMe, ligand 
apparently only slightly reduces the Lewis acidity of the indium 
in In(CHzSiMe3), when compared to other organoindium 
compounds of similar formulation. The acid-base studies 
clearly show that diethyl ether and acetonitrile do not form 
adducts at room temperature with In(CHzSiMe3),. However, 
In(CH2SiMe3), can still function as a moderately strong Lewis 
acid toward other bases. A 1:l adduct stable at room tem- 
perature was observed for N(CH,), whereas less stable adducts 
were observed for tetrahydrofuran and dimethoxyethane. 

The chloro-substituted derivatives are readily prepared from 
In(CH,SiMe3), by using appropriate stoichiometric quantities 
of InCl, in an exchange reaction or anhydrous HC1 in an 
elimination reaction. When InC1, is used as a reagent, re- 
fluxing solvent (benzene or diethyl ether) is necessary for 
complete reaction. Reactions with HC1 occur a t  room 
temperature or below. These reactions have the advantage 
of forming either one product or two easily separable com- 
pounds. Both chloro species are solids a t  room temperature 
and are readily purified by vacuum sublimation at  temper- 
atures close to their respective melting points. 

Our available data suggest that both chloroindium com- 
pounds exist as chlorine-bridged dimers, but [In- 
(CH2SiMe3)C1,I2 probably has more extensive association in 
the solid state. This association probably also accounts for 
the higher melting point, higher sublimation temperature, and 
limited solubility of [In(CHzSiMe3)C1212. Structures which 
involve ion pairs such as In(CH2SiMe3)2+InC1[ are ruled out 
by spectral and chemical properties. Cryoscopic molecular 
weight measurements confirm the dimeric nature of [In- 
(CH2SiMe3)2C1]z in benzene solution. It is regrettable that 
[In(CH2SiMe3)C12]z is not sufficiently soluble in benzene for 
molecular weight measurements. Therefore, our structural 
hypothesis for [ I ~ I ( C H ~ S ~ M ~ , ) C ~ ~ ] ~  is based on chemical, 
physical, and spectral properties and their comparisons with 
other organoindium-halogen compounds. Structures based 
on ion pair formulations have been discarded because me- 
tathesis reactions gave negative results. If the structure of 
In(CH2SiMe3)C12 were based on ions such as I ~ I ( C H ~ S ~ M ~ ~ ) ~ +  
and InCI4-, reaction with N(C2H5)&1 should have formed 
In(CHzSiMe3)2C1 and N(C2HJ4InCl4, known compounds. 
Our experimental results indicate that these reactants could 
be recovered unchanged. The infrared spectrum of In- 
(CH2SiMe3)C12 does not have bands consistent with these or 
other ions either.IO I t  is of interest that In(CH3)C12 has 
properties" very similar to those of In(CHzSiMe3)C12, melting 
points of 165 vs. 167-170 "C, respectively, and both com- 
pounds are only soluble in hot benzene. The structurei2 of 
In(CH3)Cl2 in the solid state has associated dimeric units. The 
indium has a strongly distorted trigonal-bipyramidal coor- 
dination of one methyl group and four chlorines. The 
compounds In(C6H5)C12'3 and InRBr, (R = CH3,I4 C2H5,I4 
n-C3H7,14 n-C4H9,14 and C6H513) are also believed to have a 
polymeric lattice with multiply associated halogen atoms. In 
contrast, In(CH3)Iz has the ion pair f o r m ~ l a t i o n ' ~  In- 
(CH,) *+Id4- .  
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The studies of the interactions of the two chloroindium 
compounds with Lewis bases gave interesting results. Neither 
indium compound formed a stable adduct with any base tried 
(N(CH,),, CH3CN,  diethyl ether, tetrahydrofuran, or di- 
methoxyethane). However, the oxygen bases did distinguish 
the relative acidities of the two chloroindium compounds. The 
compound [In(CH2SiMe3)zC1]z did not exhibit any acidic 
properties whereas [In(CH2SiMe3)C1z]2 formed weak adducts 
with appreciable dissociation pressures. These data might 
suggest that the dimer molecules remain intact in the presence 
of the various bases used. However, we have no specific data 
which can confirm the hypothesis. 

The relative rates of hydrolysis of the series of ((tri- 
methylsily1)methyl)indium compounds are In(CH2SiMe3)C12 
C In(CH2SiMe3),C1 C In(CHzSiMe3),. Similar observations 
have been made in ethanol and water, but it should be noted 
that all compounds were soluble in ethanol but insoluble in 
water. It is noteworthy that the half-life for hydrolysis of 
[In(CH2SiMe3)2Cl]2 in ethanol is about 60 days and for 
In(CH2SiMe3)C12 it is about 6 months, whereas In- 
(CH2SiMe3), is hydrolyzed in 12 days to a product with one 
CHzSiMe3 ligand per indium atom. These data suggest that 
the organoindium chlorine compounds probably persist in 
ethanol solution. The bridging chlorine atoms in the dimer 
could prevent the ethanol from forming the necessary in- 
termediate for hydrolysis. If the hydrolysis reactions of In- 
(CH2SiMe3), and the dissolution of the chloroindium com- 
pounds had formed identical species, similar rates of hydrolysis 
would have been observed. It is noteworthy that the steric 
effects of the three CH,SiMe, groups in In(CHzSiMe,), are 
insufficient to hinder hydrolysis or prevent adduct formation. 
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