
1614 Inorganic Chemistry, Vol. 14, No. 7 ,  1975 

attempt was also made to study the reaction in THF;  however, 
the reaction was found to be too slow a t  -40 to -30” and the 
reaction product decomposed above -20”. 

When cuprous chloride and 
AlH3 were allowed to react in 1:l mole ratio in ether a t  -78” 
and then allowed to warm slowly to room temperature, the 
reaction mixture turned completely black giving off a gas. The 
elemental analysis as well as an infrared spectrum of the filtrate 
suggests that the reaction takes place according to the sequence 
of eq 22-25. 
CuCl + AlH, --f CuH + H,AlCl ( 2 2 )  
CuCl A H,AlCl --f CuH + HAlC1, (23) 
CuH + AlH, + CuAlH, (24) 

Reactions of CuCl with 
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2CuC1 t 2A1H3 --f CuH + CuAlH, + HAlC1, ( 2 5 )  

The infrared spectrum of the filtrate showed a sharp band 
a t  1900 cm-1 with a shoulder a t  1850 cm-1. Elemental analysis 
of the filtrate indicated only 43% of the total aluminum. The 
infrared spectrum of the black solid product did not show any 
absorption bands due to either hydridoaluminum compounds 
or hydridocopper compounds. Thus, it appears that  the black 
solid product is a mixture of copper and aluminum metal 
formed according to eq 26. Since the  filtrate was shown to 
be an ether solution of HAlClz and since half of the aluminum 
CUH + CuAlH, + ZCU + A1 + 5/6H2 (26) 

was in the filtrate and half in the precipitate, it appears that  
there are  ample data to suggest the above reaction sequence. 
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The ether content of this compound is a result of drling the compound 
under vacuum for 1 hr  before analysis. Further attempts to remove 
additional solvent by subjecting the compound to vacuum for a longer 
period of time resulted in decomposition of the solid. 

Contribution from the Department of Chemistry, 
University of Maryland, College Park, Maryland 20742 

Syntheses, Nuclear Magnetic Resonance Spectra, and Mass Spectra of the 
(Ha1omethyll)disilanes 

J. A. MORRISON and J .  M. BELLAMA’ 

Received October 16, 1974 AIC40721 L 

T h e  (ha1omethyl)disilanes X C H z S i H S H 3 ,  in which X = C1, Br, and I. have been synthesized and characterized. 
(Chloromethy1)disilane was prepared by the reaction of diazomethane with hexachlorodisilane, followed by LiAIH4 reduction 
of the ClCH2Si2Cls produced. (Bromomethy1)disilane was prepared by the direct reaction of bromodisilane with diazomethane. 
(1odomethyl)disilane was isolated from the reaction of sodium iodide and (ch1oromethyl)disilane in acetone. The physical 
properties of these compounds a re  presented and correlated with the properties of related organic and organometallic 
compounds. The  (ha1omethyl)disilanes represent a new type of series, the analogs of the propyl halides in which two of 
the carbon atoms have been replaced by silicon. 

Introduction 
While many silicon-functional derivatives of silane have been 

prepared and characterized. much less information has been 
reported about the related carbon-functional alkylsilanes and 
-germanes. W e  have undertaken a study of related series of 
XCHzMHzY (M = Si, Ge) compounds and have synthesized 
the  (halomethy1)silanesl and -germanes,2 the (methoxy- 
alky1)silanes and -germanes,3 and the (halomethy1)silylcobalt 
tetracarbonyls.3 No carbon-functional disilanyl hydrides are  
known, and we here report the preparation of the (halo- 
methy1)disilanes in order to ascertain the stability and  
properties of this series and to study the effects of chain 
extension by a -SiH3 group by comparison of these compounds 

with the “parent” XCH2SiH3 species.i.3 
In addition, mass spectra of organic molecules and their 

analogs in which a carbon atom is replaced by a silicon show 
considerable differences. Interaction between a remote 
electron-rich center and silicon often leads to rearranged ions 
in which a bond forms between the silicon and the previously 
not directly bonded functional group. Such interaction has 
previously been postulatedl.4 for the “parent” (halometh- 
yl)silanes, and it seemed of interest to examine the effect of 
-SiH3 chain extension by comparing the properties of 
XCH2SiH2-H and -SiH3 compounds. 

Although the fluoroalkyl derivativcs FCH2CH3 and 
FCH2GeH35 are  known, the corresponding silicon compound, 



(Halomethy1)disilanes 

FCH2SiH3, has not yet been successfully isolated, presumably 
due to its instability.] For this reason no at tempt  was made 
to prepare (fluoromethyl)disilane, and the term halogen (or 
X) as  used here is restricted to C1, Br, or I. 
Experimental Section 

General Apparatus and Techniques. With the exception of the 
preparation of CH2N2 and its use in the insertion reaction with Si2C16, 
all of the work in this investigation was carried out using standard 
vacuum techniques. Materials used in the syntheses were prepared 
by standard methods or obtained from commercial sources. Dia- 
zomethane was prepared by the thermal decomposition of EXR- 101 
(N,N'-dinitroso-N,N'-dimethylterephthalamide, 70% (wt/wt) in 
mineral oil), which was kindly donated by the Du Pant High Ex- 
plosives Division. 

Nuclear magnetic resonance data were obtained with a Varian 
Associates Model A-60A spectrometer. Chemical shifts were de- 
termined in 10% and 90% (v/v) cyclohexane solutions, plotted as a 
function of concentration, and extrapolated to infinite dilution. Mass 
spectra were obtained using a Du Pant Model 21-492 spectrometer 
operating at 75 eV and 50 PA. Standard peak matching techniques 
were used to determine the exact masses. Gas-phase infrared spectra 
were obtained with a Perkin-Elmer Model 337 spectrometer. 
Temperatures below the range of mercury thermometers were 
measured by an iron-constantan thermocouple vs. an ice-water 
reference junction. Pressures were read from a mercury manometer 
with the aid of a cathetometer. Melting points were determined in 
vacuo by a Stock magnetic plunger.6 

Preparation of (Chloromethy1)disilane. (Chloromethy1)disilane was 
prepared by reducing the ClCHzSizC15 formed from the reaction of 
diazomethane and SizC16. Diazomethane was generated by placing 
200 g of 40% aqueous KOH (wt/wt) into a mechanically stirred 1-1. 
three-necked flask containing 20 g of EXR-101 and 300 ml of diethyl 
ether cooled to 0'. The surrounding ice bath was replaced by a heating 
mantle, and the vessel was slowly warmed to 34'. At this temperature 
both ether and the CHzNz formed by the thermal decomposition of 
the EXR-IO1 codistilled through a drying tube filled with KOH pellets 
and a water-cooled condenser into a 500-ml three-necked flask which 
was cooled to -45'. The 500-ml flask, which was equipped with a 
-78' condenser fitted with a CaC12 drying tube, contained 22.12 g 
(8.22 mmol) of Si2C16, 0.5 g of Cu powder, 0.3 g of CuC1, and 80 
ml of diethyl ether. After the ether-CHzN2 distillate became colorless, 
the products in the 500-ml flask were transferred to the vacuum line 
where the ether was removed by vacuum distillation at -45'. The 
material remaining was transferred in air to a 250-ml flask, 50 ml 
of n-butyl ether was added, and the vessel was evacuated. The contents 
of the vessel were kept at -15' and magnetically stirred while 4.83 
g of LiAIH4 was added over a period of 3 hr. The products were 
removed when they exerted a pressure of 10 mm or more. The vessel 
was allowed to warm to room temperature overnight, and the products 
were again removed. The mixture of compounds from this reaction 
was fractionated at -95', and the material collected at this tem- 
perature was subjected to distillation on a low-temperature still. 
(Chloromethyl)disilane, 4.50 g (4.06 mmol) or 49.5% yield based on 
SizCk, was collected between -72 and -66'. 

The Dumas molecular weight of (chloromethy1)disilane is 110.6 
(calcd 110.7). The experimental exact mass of the 37CICSizH6+ [(P 
- 1)+] ion is 110.96762 (calcd 110.96671; error 8.2 ppm). The vapor 
pressures for CICH2SiHSiH3 over the temperature range -23 to +26' 
are given in Table I and are represented by the equation log P ~ o r r  
= 1869.34/T('K) + 8.0714. Several points were remeasured at the 
conclusion of the experiment, and the good agreement of these points 
with previously determined vapor pressures indicates that essentially 
no decomposition occurred during this determination and thus 
CICH2Si2H5 possesses a reasonable thermal stability at room 
temperature. The boiling point, AHvap, and Trouton's constant are 
calculated to be 87', 8.55 kcal/mol, and 23.7 eu, respectively. The 
vapor pressure at 0' is 16.9 mm, and the melting point of (chloro- 
methy1)disilane is -107.8'. 

Infrared absorptions occur at 2935 (w), 2150 (vs), 1402 (w), 1173 
(vw), 1098 (w), 992 (sh), 936 (s), 896 (sh), 887 (s), 823 (vs), 791 
(sh), 782 (s), 763 (sh), 754 (sh), 674 (sh), 662 (w), 655 (sh), 626 
(vw), and 500 (m) cm-1. 

Preparation of (Bromomethy1)disilane. (Bromomethy1)disilane was 
prepared by a methylene insertion into SizHsBr, a reaction analogous 
to that described for (chloromethy1)disilane. Bromodisilane was 
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Table I. Vapor Pressure vs. Temperature Data for 
(Chlorometh y1)disilane 

Pobsd - 
T ,  "C Pobsd, mm Pcalcd> mm Pcalcdt mm 
26.3 67.6 67.6 0.0 
26.2 67 .0 67.3 -0.3 
23.5 59.5 59.0 0.5 
19.9 49.6 49.4 0.2 
17.7 44.5 44.2 0.3 
15.4 39.5 39.3 0.2 
12.6 33.8 33.9 -0.1 
9.0 27.9 28.0 -0.1 
5.8 23.5 23.5 0.0 
3.3 20.3 20.5 -0.2 
0.0 16.8 17.0 -0.2 

-3.1 14.4 14.1 0.3 
-5.7 12.1 12.1 0.0 

-10.2 9.0 9.2 -0.2 
-23.2 4.0 3.9 0.1 

0.0a 16.8 17.0 -0.2 
26.2a 67.5 67.3 0.2 

a Determined at the conclusion of the experiment. 

recovered in up to 60% yield from the aluminum bromide catalyzed 
reaction of Si2H6 with HBr, purified by trap-to-trap fractionation, 
and identified by its ir spectrum.7 A 50% excess of CH2N2 in ether, 
prepared as above, was vacuum distilled into a 1-1. flask containing 
0.5 g (3.22 mmol) of bromodisilane, 0.5 g of Cu powder, and 0.2 g 
of CuC1. The reactants were allowed to warm to -50' and were held 
at that temperature for 45 min with magnetic stirring. The contents 
of the vessel were then separated by distillation on a low-temperature 
still. (Bromomethy1)disilane was collected at -48' in 50% yield based 
on the BrSiH2SiH3 used. The exact mass of the 79BrSi2CH6+ [ ( P  
- 1)+] ion is 152.919197 (calcd 152.919197; error 0.0 ppm). The 
vapor pressure of (bromomethy1)disilane at 0" is 6.6 Torr, and the 
melting point is -84.3O. 

Infrared absorptions occur at 2952 (w), 2935 (w), 2851 (w), 2172 
(sh), 2160 (vs), 2137 (sh), 2128 (sh), 1718 (w, b), 1590 (w), 1568 
(w), 1456 (w), 1434 (w), 1380 (w), 1278 (vw, b), 1125 (vw), 1055 
(vw), 1050 (vw), 931 (sh), 890 (sh), 883 (s), 821 (sh), 818 (s), 813 
(sh), 806 (sh), 784 (s), 778 (sh), 761 (sh), 592 (vw), and 492 (w) 
cm-1. 

It should be noted that if the contents of the reaction vessel were 
not fractionated but were reduced with LiAIH4 in butyl ether, 
methyldisilane was obtained in 87% yield. The reduction was allowed 
to proceed for 1.5 hr during which time the temperature of the vessel 
rose slowly from -15 to +20". Methyldisilane was separated by 
trap-to-trap fractionation and identified by its previously reported* 
ir spectrum, vapor pressure (381.5 Torr at 0'; lit. 382.6 Torr), and 
PMR spectrum.7 

Preparation of (1odomethyl)disilane. (1odomethgl)disilane was 
prepared by the reaction of 0.938 g (8.38 mmol) of (chloro- 
methy1)disilane with 2.50 g (16.7 mmol) of sodium iodide in 7 ml 
of acetone. After 1.5 hr at room temperature fractionation of the 
mixture gave 1.58 g (7.83 mmol) of (iodomethyl)disilane, a 92% yield. 
The compound passed through a trap maintained at -23' and stopped 
in a trap held at -45'; the compound was then distilled from a 
low-temperature column just prior to the determination of its physical 
properties. The experimental exact mass of the molecular ion Pf is 
201.9127 (calcd 201.9131; error 2.0 ppm). The melting point and 
vapor pressure at 0' of ICHzSiH2SiH3 are -57.7' and 2.3 Torr, 
respectively. 

Infrared absorptions occur at 2934 (w), 2144 (vs), 2133 (s), 1369 
(w), 1288 (w, b), 1068 (vw), 1010 (w), 1002 (w), 932 (sh), 928 (s), 
923 (sh), 885 (sh), 878 (s), 866 (sh), 805 (vs), 797 (vs), 782 (s), 776 
(s), 750 (m), 720 (w), 712 (w), and 494 (w) cm-1. 

Results and Discussion 
It  has been reported that methylene insertion into metal- 

bromine bonds to form (bromomethy1)metal compounds 
proceed with higher yields than the corresponding insertions 
into metalkchlorine bonds.9 W e  have not observed this higher 
yield in our studies. W e  have observed, however, that  after 
LiAlH4 reduction the yield of (bromomethy1)metal hydride 
recovered is often much lower than that of the corresponding 
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Table 11. Proton Magnetic Resonance Data for 
(Halomethy1)disilane 

J. A.  Morrison and J. M. Bellama 

Chem shifts at infinite dilution, r 

Compd CH, SiH, SiH, 
ClCH, SiH, SiH, 7.07 6.02 6.72 
BrCH,SiH,SiH, 7.44 5.78 6.72 
ICH,SiH,SiH, 7.96 5.31 6.72 

Coupling constants, Hz 

ClCH,SiH,SiH, 3.7 3.0 200.6 199.8 
BrCH,SiH,SiH, 3.9 3.0 200.7 199.9 
ICH,SiH,SiH, 4.2 2.9 201.2 199.8 

(chloromethy1)metal hydride. For example, the yields of 
(bromomethyl)germane2 and (bromomethy1)silanel prepared 
by a diazomethane methylene insertion into GeBr4 and SiBr4, 
followed by LiAlH4 reduction, were only 40% and 8%, re- 
spectively, while the analogous procedure gave higher yields 
of the corresponding chloromethyl compounds. By allowing 
diazomethane to react directly with the hydride BrSizHj and 
eliminating the necessity for a LiAlH4 reduction, we were able 
to obtain (bromomethy1)disilane in the surprisingly good yield 
of 50%, a yield identical with that  found for (chlorometh- 
y1)disilane. Perhaps the lower overall yield of bromide in the 
c a m  cited above is a reflection of the greater ease with which 
the  C-Br bond is reduced compared to the C-C1 bond. 

While we experienced no difficulties in handling diazo- 
methane  as a codistillate with diethyl ether, it should be 
emphasized that CHzNz is extraordinarily toxic and has been 
reported to decompose to polymethylene and nitrogen with 
explosive violence. During the  preparation of (bromo- 
methy1)disilane the pressure in the vacuum line was observed 
to increase continuously with the deposition of a white 
polymeric material, especially in the vicinity of glass joints and 
stopcocks. 

The  (halomethy1)disilanes a re  colorless liquids which a re  
air  and water sensitive. They burn in air with a smoky flame, 
as would be expected for SizHs compounds, and are pyrophoric, 
but only mildly so. They are soluble in, and inert toward, the 
common hydrocarbon and ethereal solvents, as well as acetone. 
Although the neat compounds a re  fairly stable a t  room 
temperature over a short period of time, a s  demonstrated by 
the vapor pressure determination of ClCHlSi2H5, a t  slightly 
elevated temperatures the (halomethy1)disilanes rearrange to 
yield the isomeric silicon-functional 1 -halo- 1 -methyldisilanes.3 

Proton KMR Spectra. For each of the (halomethy1)di- 
silanes, the spectra were found to be first order with integrated 
peak area ratios within 1.5% of the expected values. The proton 
chemical shifts and coupling constants a r e  presented in Table 
11. 

The  chemical shifts of the ( a )  X C H 2  protons are,  as ex- 
pected, linearly related to the electronegativity of the halogen 
substituent. This relationship can be represented by the 
equation 7 = - 1 . 8 2 ~  + 12.80, where x is the Huggins elec- 
tronegativity of the halogen. The  chemical shifts of the ( p )  
SiH2 protons vary in the opposite direction, an anisotropy effect 
commonly observed. The  chemical shifts of the (y) SiH3 
protons, as well as the 2%-H and vicinal H-H' coupling 
constants for the protons, are essentially invariant with change 
in halogen, which suggests that  the effect of the halogen is 
completely attenuated through the four intermediary bonds. 
Table  111 summarizes the methylene chemical shifts for 
compounds of thc type XCH2Y in which X represents a halide 
and Y represents hydrogen, or a silicon or germanium hydride. 

It can be seen from these da ta  that  the chemical shifts of 
t he  CH2 protons a re  essentially unaffected if a proton of a 
methyl halide is replaced by a silyl or a disilanyl group; and 

Table 111. Chemical Shifts (7) in XCH,Y Compounds 
CY Protons 

Ha SiH,a SiH, SiH, GeH,C 
CICH, 7.04 7.06 7.07 6.94 

ICH, 7.96 7.94 7.96 7.90 
0 Protons 

BrCH, 7.41 7.42 7.44 7.37 

SiNJa SiH, SiH, 
ClCH, 6.19 6.02 
B~CH; 5.94 5.78 
ICH, 5.49 5.31 

a Reference 1. This work. Reference 2 
Table IV. Mass Spectral Fragmentation Pattern of 
(Chloromethv1)disilane 

Mass assignment mle 9% re1 abund 
109 29.0 37C1CSi,H4+ 3SC1CSi,H,t 
108 18.8 37C1CSi,H3+ 35C1CSi2H5+ 
107 32.4 37C1CSi,H, 35C1CSi,H,' 
SO6 34.0 37C1CSi2H+ 35C1CSi,H,t 
105 21 .E 37C1CSi, + 35ClCSi,HPt 
81 35.3 "C1CSiHA+ 
80 14.3 37C1CSiH;" 35C1CSiH, + 

79 100.0 37C1CSiH,' 35C1CSiH,t 
78 21.6 37C1CSiH' "ClCSiH,+ 
69 20.1 CSi,Ht 
65 (R)  39.4 37C1SiH,t (R) 35C1SiH,' (R) 
63 (R) 86.0 35C1Si' (R) 
44 17.8 CSiH,+ 
43 34.6 CSiH,' 
42 27.9 CSiH, + 

Table V. Mass Spectral Fragmentation Pattern of 
(Bromomethy1)disilane 

Mass assignment m/e % re1 abund 
155 13.5 
153 20.2 
152 18.0 
151 15.4 
150 13.1 
125 56.4 
124 20.7 
123 60.1 
122 17.3 
109 (R) 62.1 
107 (R) 57.8 
74 10.6 
73 10.1 
69 20.2 
45 57.7 
44 78.8 
43 100.0 
42 14.1 

BrCSi,H, 
79BrCSi2H6 + BrCSi, H,' 
79BrCSiZ H, " BrCSi, H, + 

79B~CSi2H,i "BrCSi,H, + 

79B~CSiZ H,' 
BrCSiH,' 

"BrCSiH,+ 
79BrCSiH,' BrCSiH,' 
79BrCSiH, + 

79BrSiH,+ (R) "BrSi' (R)  
79BrSi+ (R) 

CSi,H,' 
CSi,H, + 

CSi,H+ 
SiCH, + 

SiCH,+ 
SiCH, 
SiCH, ' 

in the case of the replacement of a proton by a germy1 group, 
the methylene protons are  only slightly deshielded. Similarly, 
the substitution of a silyl group for a proton in the p position 
has essentially no effect on the chemical shifts of the a protons; 
however, the p protons in (halomethy1)disilanes are consistently 
deshielded (-0.14 f 0.03 ppm) relative to the shorter chain 
homologs, the (halomethy1)silanes. 

Mass Spectra. For the (halomethy1)disilanes the assign- 
ments and intensities of those ions present in greater than 10% 
abundance relative to the most abundant or base peak are  
presented in Tables IV-VI. 

In addition to peaks for the molecular or "parent" ion P+ 
or ions derived from the molecular ion by the loss of any 
number of hydrogen atoms ( P  - nH)+ and their expected 
fragmentation products, each spectrum contains peaks due to 
the rearrangement ions XSiHn+ and XShHnr+n+. Such ions 
are  labeled (R) in Tables IV-VI. The  formation of these 
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Table VI. Mass Spectral Fragmentation Pattern of 
(1odomethyl)disilane 
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(bromomethy1)disilane. This effect is consistent with the 
formation of a cyclic intermediate. McEafferty11 has also 
noted that  for compounds in which a cyclic species is pos- 
tulated, those involving a chlorine or a bromine are more stable 
than  those involving iodine. The  detection of significant 
rearranged ion fragments, therefore, is consistent with the cyclic 
intermediate having sufficient stability to effect the transfer 
of halogen from carbon to silicon. 

Mass  spectral interactions between remote centers in or- 
ganosilicon compounds and the silicon atom itself have been 
studied by Weber et a1.,13-15 who have postulated transannular 
interactions in such species.15 It has been suggested that dipole 
moment,4 mass spectral,' and other evidence is consistent with 
interactions between the nondirectly bonded halogen and silicon 
in the parent (halomethyl)silanes, and the presence of rear- 
rangement ions in the mass spectra of the (halomethy1)disilanes 
could also be so regarded. Weber13 has also suggested tha t  
silicon can form a pentacoordinate transition s ta te  by use of 
its 3d orbitals in rearrangements involving transfer of a 
methoxy group to silicon. Although the  mechanism of the 
rearrangements of electron-rich substituents to silicon has not 
been clearly established, it is evident that  the (halometh- 
y1)disilanes also participate in this phenomenon. 

I t  must be noted, however, that  cyclic intermediates can be 
formed with o ther  than  a halogen-silicon interaction. 
McLafferty" has suggested that the surprising abundance of 
C4HsX+ ions in C6 to Ci2 alkyl halides can be attr ibuted to 
the stability of five-membered rings, although for chain lengths 
of less than  C6 alkyl halides, the cyclic intermediates a r e  
thought to be unimportant. 

The  question of the optimum ring size for organosilicon 
rearrangements has attracted considerable attention. Weber14 
has suggested that  migration of a trimethylsilyl group from 
a saturated alkyl carbon to a phenyl ring is important only 
when a six-membered ring transition s ta te  is possible. In a 
study of compounds similar to (halomethyl)disilanes, it was 
suggested3 that in (methoxyalkyl)silanes, CH30(CH2)nSiH3,  
a ring size of a t  least 5 is favored in the  transition state.  
Djerassi and coworkers,l6 on the other hand, found that various 
trimethylsilyl ethers showed an  insensitivity toward ring size 
(five to eleven membered) in the cyclic transition state, and 
White and McCloskeyl7 have also noted an apparent lack of 
preference for a fixed ring size in cyclic intermediates involving 
transfer of a trimethylsilyl group. It is evident that  in t he  
(halomethy1)disilanes the size of a cyclic transition state cannot 
approach a five- or six-membered ring without the formation 
of dimeric species for which there is no direct evidence. I t  
should  b e  noted  t h a t  t h e r m a l  r ea r r angemen t s  of 
XCH2SiH2SiH3 compounds produce a transfer of halogen to 
the silicon atom located in the p rather than the y positior1.3 
Thus, it  is evident that  a comparison of stability as a function 
of ring size or organosilicon hydride derivatives must await 
a study of longer polysilane chains. 
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present in greater than  1% relative abundance have been 
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spectrometer used and  also because the intensity of the 
molecular ion compared to that  of the ( P  - nH)+  ions varies 
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lii An dttenipt to determine 1 0  what extent an electron-rich substituent is affected by a group 4 metal atom when not directly 
bonded to that rlietai atom. -,ye ha ic  thebi~eti three series of compounds of the type kf1l?(CH2),;0CH3 in which M = 
C I ~  Si. and Ge a id  n = l--6. A coinpar i i  of their base strengths (proton affinities) as measured by the shift in the infrared 
OH siretching i'requencq of methanol upon complexation with the ethers shows that some factor(s) other than inductive 
effects signifii,antly influences the electron-donating ability of oxygen in the silicon and germanium hydrides when n = 
1 and 2 ,  A t  !T = 3 5 6 ,  however, the basicities of these ethers converge toward those of the carbon analogs. ?'he silicon 
and germanium compounds liot prz~,,iously kiiown have been characteriLed by infrared, proton magnetic resonance, and 
i n a s s  spectin. iaapor pressure data. arid irieitiiig points 

~ ~ ~ r ~ ~ ~ c ~ ~ ~ ~ ~  
I t  is well documentcd that ceriain propertits of organo- 

metallic compountls which cciritaiii a group 4 metal atom 
directly bonded to a potential elcctioir donor are  often ano- 
niaious compared to those of the carbon analogs.' Data from 
studies involving Triagnetic susceptibility,z dipole rnornents,3 
basicily,4~6 bond lengths and burid ai1gles,7 arid var ious kinds 
of spcctra"9 h a w  s h o w i  that maiiy prope&.i of organosilanes 
arid -germanes a re  influenced b! effects not evident in their 
carbori anahgs .  I T  has been suggested tha t  these deviations 
art: caiisetl by an interaciioii which m a y  be occurring between 
availabie vacant (1 orbitah dii thr; group 4 metal atom (Si, Ge) 
arid the loiie pair of electrons on the directly bound donor atom 
(0, 41, l-J.10 '!'lie existerice of' a similar iiitcractioii between 
thesl: atorris when [hey arc rriit directly bound brit separated 
by an intzrveniirg inethqlene g r ~ p  has also been suggested.] 1 

In the case of the SiI-l;C'tI2X coinponrids (X = halogen) the 
constaricy of the dipole rnornents has been ascribed to  the 
delocalization ~f electron density from the halogen to the 
silicon, an  intranwleciilar interaction which decreases f rom 
Cl to Br to 1.; There is little agreement, however, as to whether 
such ariomalies In organosilicorr hydrides cease when the donor 
substituent is bcqond the /3 position; and too few data a re  
available to assess the situation for organogerrrianium hydrides. 
W e  have, theref'cjrc, prepared a series of honiologous ( w -  
inethoxya1kyl)silan nd  also (w-methoxyall<yl)germane~ ill 

order to ~ C J I ~ I ~ U ~  their properties tci each other and  to those 
of the appropriate carboii aiialogs in which no effects otfier 
tlian inductive ari: believed to occuI. 

The parameters chosen as indicative of pcjssible donor-metal 
interaction were the base strengths of the M1-13(Clt.ir)nOCI13 
compounds (?VI I- C:  Si, Ge; n = O H )  and the PMR chemical 
shifis and coupling constants. Rase strengths were determined 
by measuring the difference in the infrared spectra between 
the 0-13 stretching frequency of methanol when free and when 
hydrogen bonded to the group 4 ether. This shift has been 
shown to be directly related to the base strength of the ether12 

and presuniablq the electron availability on the Lewis base. 

Apparatus and Techniques. All synthetic work was carried out in 
a borosilicate glass vacuum system using standard vacuum techniques. 
Mass speciral data were obtained with a Du Pont Model 21-492 
double-focusing spectromerer operating at 75 eV and 50 PA. PMR 
parameters were measured with a Varian Associates A-60'4 in- 
strument whose probe temperature w>as 35". Vapor-phase ir spectra 
were recorded using a 10-cm cell with KBr windows. Melting points 
were determined with a Stock magnetic plunger. Pressures were 
obtained using a mercury inanonieter which was read with the aid 
of a cathetometer. Temperatures beyond the range of the mercury 
thermometer were measured using an irori- constantan thermocuuple 
with an ice-water reference junction. 

Shifts in the stretching frequency between free and hydrogen- 
bonded 0 -Ii (Ai)) were obtained with a Perkin-Elmer Model 421 
grating spectrophotometer using linear scan (cm-I). Typically, 
methanol and the ether of interest were condensed with either CsH 12 
or CCh a s  rolvent to form a solution 0.02 M in MeOIi and 0.2 M 
in ether. The resulting mixture vias removed by means of a syringe 
through a serum cap and immediately injected into a 1-mm 
fixed-distance sodium chloride cell. A mixture containing only 0.2 
124 ether in the appropriate solvent was similarly placed in a matched 
cell for use as reference. A riiininium of three spectra here recorded. 
No variation i n  i u  \vas observed alien the ether concentration was 
varied from 0.2 to 0.005 M while holding the mcthanol concentration 
at 0.02 IM: similarly. the Lu remained constant when the MeOH 
concentration mzas varied from 0.2 to 0.005 1M with the ether con- 
centration at 0.2 A4 

Syntheses. The reference alkyl methyl ethers were sqnthesized by 
reaction of the appropriate 1-chloroalkane \\it11 AaOCti3. Com- 
pounds of the SiH3(CI-Iz)nOCHj series in which n = 2,1. and 6 and 
those of the series G ~ H ~ ( C H Z ) ~ O C H ~  in which n = 2, 3.  4, and 6 
mere prepared by the general reaction of KSiH3 or KGeH3 with the 
appropriate 1-haioalkyl methyl ether. Typicall), 5 in1 of hexa- 
inethylphosphotriarnide (Fisher) in a 1 00-nil flask was degassed, 
refluxed under vacuum pumping for 10 min, and then cooled with 
an ice bath. The vessel was subsequently opened to the air. potassium 
(2.6 mg-atoms) was added, and the vessel was rapidly reevacuated. 
Silane or germane (2.7 inmol) was condensed into the flask and the 

Experimental Section 


