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tion is probably due to the formation of di- and tri- 
substituted borazines which decompose more readily 
than the monosubstituted derivative. The formation 
of polysubstituted borazines is indicated from the ob- 
servation that alcohol was always consumed faster 
than borazine even when the initial alcohol to borazine 
ratio was greater than unity. 

The most abundant ions produced by fragmentation 
in the mass spectrum of borazine are B3N3Hb+, B3N2- 
Hz+, B2N2H3+, B2NH2+, and BNH3+.? In the mass 
spectrum of B-monomethoxy- and B-monoethoxy- 
borazine major ion fragments occur in positions corre- 
sponding to the base groups in borazine shifted to higher 
masses due to the substitution of an alkoxy group for 
an H atom. Ion fragments in the alkoxy derivatives 
also arise by splitting off segments of the side chain. 

(7) American Petroleum Institute Research Project 44, Mass Spectral 
Data, Serial No. 1346. 
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There have been very few investigations reported 
in the literature which compare the carbon functional 
and silicon functional isomers of CH3SiH3.1-3 In a 
recent report, Varma has described the preparation 
and properties of the first carbon-substituted methoxy 
derivative of CH3SiH3, i . e . ,  CH30CH2SiH3.4 The 
present investigation was undertaken to prepare and 
characterize the silicon-substituted isomer, CH30SiH2- 
CH3, and to investigate the Lewis basicities of the two 
compounds. 

Experimental Section 
General Methods .-A conventional Pyrex-glass high-vacuum 

system was used to manipulate all volatile materials. Mass 
spectra (at  70 v )  were obtained by means of a Consolidated 
Electrodynamics mass spectrometer, Model 21-103C. Infrared 
absorption spectra were recorded with a Perkin-Elmer 137B 
infracord spectrophotometer on the gaseous phase a t  room tem- 
perature with the sample confined in a 10-cm cell fitted with KBr 
windows. Proton nuclear magnetic resonance data were ob- 
tained on a Varian Associates A-60 spectrometer operating a t  
room temperature. The spectra were calibrated by the standard 

(1) F. G. A. Stone, “Hydrogen Compounds of the Group IV Elements,” 
Prentice-Hall Inc., Englewood Cliffs, N. J., 1962. 

(2) E. A. V. Ebsworth, “Volatile Silicon Compounds,” The Macmillan 
Co., New York, N. Y., 1963. 

(3) C. Eaborn, “Organosilicon Compounds,” Butterworth and Co. Ltd., 
London, 1960. 

(4) R. Varma, Abstracts, 151st National Meeting of the American Chemi- 
cal Society, Pittsburgh, Pa., March 1966, No. H-26; R. Varma, private 
communication. 

audiofrequency side-band interpolation technique. Gas chro- 
matographic separations were performed on a slightly modified 
Varian-Aerograph Model A-90-P3 gas chromatograph equipped 
with a 20 f t  x 3 / 8  in aluminum column packed with 25y0 Carbo- 
wax 400 on Chromosorb W support (60-80 mesh). The unit was 
operated a t  a flow rate of 100 ml of He/min and at  a column tem- 
perature of 30”. Infrared data on the hydrogen-bonding systems 
were obtained on a Beckman IR-9 spectrophotometer. Tech- 
niques employed for these measurements were identical with 
those previously reported.6 Infrared spectra of the carbon 
tetrachloride-methanol (or phenol)-ether solutions (in an 0.08- 
mm cell) were taken for the silicon compounds studied after each 
base strength measurement in order to confirm their purity. 

Materials.-(CHaSiH2)2S was prepared by passing CH3- 
SiH2I over red HgS.e Analytical grade CH30H was dried over 
BaO and distilled in the vacuum line. CH30CH2SiH3 was pre- 
pared by allowing ClCH20CH3 to react with solid KSiH3.4 The 
CH30CH2SiH3 could not be completely purified in the vacuum 
line and was purified by gas chromatographic techniques (reten- 
tion time was 12.5 min; vapor pressure a t  -47.8’ was found to 
be 16.8 mm; lit.,4 16.1 mm; confirmed by infrared spectrum*). 
CH30CH2CHs was prepared by allowing SaOCH3 to react with 
CHaCH2Br. The product was purified by vapor-phase chro- 
matography (retention time, 9.5 min; identity and purity con- 
firmed by its infrared spectrum7). Phenol was purified by sub- 
limation in vacuo. 

Synthesis of CH30SiH2CH3.-(CH3SiH~)2S (4.88 mmoles) and 
CHlOH (9.28 mmoles) were combined and allowed to react a t  
room temperature for approximately 5 min. No noncondens- 
able material (at  -196‘) was produced in the reaction. Dis- 
tillation of the products through a series of traps held a t  - 112, 
- 134, and - 196” yielded pure CH30SiH2CH3 (ca .  8.7 minoles, 
94% yield; mol wt found 76.3, calcd 76.18) as a condensate in 
the -134’ trap. H2S (4.34 mmoles; mol wt found 33.8, calcd 
34.08) collected in the - 196” trap. 

AnaZ.8 Calcd for C2H8SiO: C, 31.54; H,  10.59; Si, 36.87. 
Found: C, 31.83; H, 10.57; Si, 36.78. 

Infrared, Nmr, and Mass Spectra.-The absorption maxima 
in the infrared spectrum of CH30SiHXH3 (pressure -10 mm) 
are (in cm-I): 2941 (w), 2809 (w), 2123 (s), { 1261, 1245 (m)) d,  
1188 (w), 1100 (s), 966 (sh), 1942,932 (vs)) d,  927 (sh), 864 (w), 
758 (m).  

The proton nuclear magnetic resonance spectrum ( T )  of CH30Si- 
HzCH3 (20y0 by volume in cyclohexane, T(cyc1ohexane) 8.56) 
consisted of an unresolvable singlet a t  6.58 (hO.01) (CH30 pro- 
tons), a 1 : 2 : 1  triplet a t  9.77 ( iO.01)  (CH3Si protons), and a 
1 : 3 : 3 :  1 quartet a t  5.44 ( iO .01)  (SiH2 protons). Other data ob- 
tained from the spectrum: JH-H~ = 3.0 cps and Jzo~i-x = 
207.6 cps. 

The mass spectrum of CH30SiH2CH3 is consistent with its 
proposed structure. Possible assignments of the major fragments 
observed are ( m / e ,  ion, relative intensity): 76, C2H8Si0, 10.3; 
75, C2HiSi0, 100.0; 61, CHjSiO, 43.8; 59, CH3Si0, 26.7; 45, 
CHjSi and HSiO, 56.4; 31, CHIO, 13.3; 15, CH3, 13.4. 

Vapor Pressure and Melting Point.-The vapor pressures of a 
freshly purified sample of CHaOSiH2CH3 a t  a number of tempera- 
tures are listed in Table I.  The inner surface of the manometer 
was pretreated with a separate sample of CH30SiH2CH3. ‘i:apor 
pressures in the range -74.3 to -32.4’ are given by 

- 1487.7 
t + 273.16 

log P,, = + 5.1956 

which gives an extrapolated boiling point of +6.8”, a molar 
heat of vaporization of 6807.6 cal, and a Trouton constant of 
24.3 cal deg-l mole-’. 

(5) C. H. Van Dyke and A. G. MacDiarmid, J .  Phys .  Chew$.,  67, 1930 
(1963). 

(6) H. J. Emeleus, M. Onyszchuk, and W. Kuchen, Z.  Anorg. Allgem. 
Chem., 283, 74 (1956). 
(7) Y. Mashiko, Nippon Kagaku Zasshi ,  80,  593 (1959). 
(8) Analysis performed by Schwarzkopf Microanalytical Laboratory, 

Woodside. N. Y .  
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Temp 
OC 

-74.3 
-68 6 
-63 8 
-60 0 
-49 6 
-44 6 

TABLE I 
VAPOR PRESSURES OF CH,0SiH2CH3“,C 

-P mm-- 
Obsd Calcd 

5 2  5 2  
8 5  8 4  

12 6 12 3 
16 8 16 ?I 
35 1 34 8 
49 0 48 6 

Temp, 
O C  

-36.6 
-34.6 
-32.4 
-38.3b 
-43.4b 
-64.0b 
- 19@ 

-P, mm-- 
Obsd Calcd 

8 0 . 3  80.7 
90.6 9 1 . 1  

101.4 103.9 
72.2 72.6 
53.4 52.6 
12.5 12 .1  
0 . 0  . . .  

Duration of the experiment approximately 8 hr. Pressure 
observed on decreasing the temperature. c The molecular weight 
of the sample a t  the conclusion of the experiment was 76.5 (calcd 
76.18); the infrared spectrum was identical with that of the pure 
material 

The melting point of CHaOSiHzCHa, determined by using a 
Stock magnetic plunger apparatus,Q mas - 140.0 i 0.2’. 

Results and Discussion 
The new methoxy derivative of CH3SiH3, methyl- 

silyl methyl ether, CH30SiH2CH3, has been prepared 
in good yield by the reaction of CH30H with (CH3- 
SiH2)2S a t  room temperature. 

2CH30H t (CHaSiHz)nS --f 2CHJOSiH2CH3 f HzS (1) 

The structure of the compound was confirmed by its 
mass, infrared, and proton nuclear magnetic resonance 
spectra. 

It is of interest to note that the boiling point of the 
silicon-substituted compound CH30SiH2CH3 (f6.8’) 
is considerably lower than the boiling point of the 
isomeric carbon-substituted compound CH30CH2SiH3 
( f 2 5 . O 0 ) . d  The boiling points of the isomeric halide 
derivatives of CH3SiH3 (Cl, Br, I )  are also in this same 
relative order. For these latter derivatives, this 
trend cannot be attributed to a molecular polarity 
effect, since the dipole moments of the silicon-substi- 
tuted compounds are greater than the dipole moments 
of the analogous carbon-substituted compounds. l2  

Dipole moment data are not available for the CH3O 
isomers, but presumably a similar situation exists. 

The proton nmr spectrum of CH30SiH2CH3 in cyclo- 
hexane was analyzed as a first-order system. The 
general features of the spectrum are identical with 
those observed for other monomethylsilyl derivatives.13 
No long-range proton coupling 7yas observed. The 
compound can readily be distinguished from its carbon- 
substituted isomer by an examination of the 29Si satel- 
lites. Xs expected, the 29Si satellites of CH30SiH2CH3 
are 1 : 3 : 3 : 1 quartets, whereas for CH30CH2SiH3 they 
are basically 1 : 2 : 1 triplets4 The “C-Si bond shift” 
of CHsOSiH2CH3 is calculated to be 0.04 ppm.13 Add- 
ing this quantity to 7(CH3SiH2) gives the characteris- 

(9) A. Stock, “The Hydrides of Boron and Silicon,” Cornell University 

(10) J. >I. Bellama. Doctoral Dissertation, University of Pennsylvania, 

(11) H .  D. Kaesz and F. G. A.  Stone, J .  Chem. Soc., 1433 (1957). 
(12) J. M. Bellama and A.  G. MacDiarmid, Abstracts, l53rd h-ational 

Meeting of the American Chemical Society, hliami Beach, Fla., April 1967, 
No. L-46. 

(13) E. A V. Ebsworth and S. G. Frankiss, 2 ’ ~ a n s .  F a r a d a y  Soc., 59, 1518 
(1963). 

Press, Ithaca, N. Y . ,  1933, p 183. 

1967. 

tic “constant” (9.81) which has been observed for other 
monomethylsilyl compounds. The significance of 
this “constant” has been discussed e l se~vhere .~~  The 
calculated J I D ~ i - ~  coupling ~ o n s t a n t ’ ~  for CH30SiH2CH3 
(207.9 cps) agrees quite well with the experimental value 
(207.6 cps). 

It is of interest to note that the CH30 chemical shifts 
of CH30SiH3 and CH30SiH2CH3 are essentially identi- 
call4 and are positioned at a lower field than the CH30 
protons in (CH3)20 and CH30CH2SiH3.15t16 A similar 
low-field position has been reported for the chemical 
shift of the CH30 protons in CH30Si(CH3)3 relative to 
the chemical shift of the CH30 protons in CH30C- 
(CH3)3.17 This order is opposite to that predicted 
from simple electronegativity effects, since the electro- 
negativity of silicon is less than that of carbon.18 The 
apparent anomaly has been attributed to (p-d) 
n- bonding in the Si-0 linkage.” Although we do not 
rule out the existence of n- bonding in the Si-0 linkage, 
we do not believe that i t  is the main reason for the low- 
field position of the CH30 protons in these alkoxy- 
silanes. This conclusion is based on the fact that al- 
though the electronegativity values of silicon and 
germanium are approximately the same,’* the CH30 
chemical shifts of methoxygermanes also fall a t  unex- 
pectedly low fields relative to the CH30 chemical shifts 
of analogous carbon etherslgj2” and (p-d) T bonding 
has been shown to be much less important in the Ge-0 
linkage than i t  is in the Si-0 l i r ~ k a g e . ~ ~ - - ~ ~  The fallibil- 
ity of interpreting chemical shift data in terms of elec- 
tronegativity and 7r-bonding considerations has pre- 
viously been pointed out by Ebsworth and F r a n k i ~ s . ~ ~  
Anisotropy and dispersion effects have not been fully 
investigated for compounds of this type and may offer a 
satisfactory explanation for this behavior. 25-21 

An infrared hydrogen-bonding study of the inter- 
action of CH30CH2SiH3, CH30SiH2CH3, and CH30- 
CH2CH3 ni th  phenol and/or methanol was carried 
out in order to investigate the relative Lewis basici- 
ties of the various ethers. The shift ( A V O H )  of the 
3610-cm-’ band of phenol and/or the 3643-cm-l band 
of methanol upon complexation with the ethers was 
taken as a measure of the hydrogen-bonding inter- 
action. It has been well established that the ether 
which shows a greater value of Av with a given refer- 

(14) For CHsOSiHa: r(SiH5) = 5.48, T(CH3) = 6.59. and J ’ a j i . ~  = 

216.2 cps. 
(15) r ( C H 3 0 )  :4116 ( C H d r O ,  6.79; CHsOCHzSiHa, 6.73. 
(16) S. G. Frankiss, J .  Phys.  Chem., 67 ,  782 (1963). 
(17) T. Ostdick and P. -4. McCusker. I n w g .  Chem.,  6, 98 (19671. 
(18) H. 0. Pritchard and H. A. Skinner, Chent. Rev., 5 5 ,  745 (1955); A. L. 

R. Drago, 

(19) G. A. Gibbon, Y .  Rousseau, C. H. Van Dyke, and G. J. Mains, Z m v g .  

(20) M. Onyszchuk, private communication. 
(21) T. D. Goldfarb and S. Sujishi, J .  A m .  C h e m .  SOL., 36, 1679 (1964). 
(22) J. E. Griffiths and M. Onyszchuk, C a n  J .  Chon . ,  39, 339 (1961). 
(23) R.  West and R.  H. Baney, J .  P h y s .  Chem., 64, 822 (lQ60). 
(24) E. A. T’. Ebsworth and S. G. Frankiss, J .  A m .  Chem. Soc., 85 ,  3616 

(1963). 
( 2 5 )  H. Schmidbaur and I. Ruidisch, Inorg.  Chem.,  S, 599 (1964). 
(26) K. A. Hoaton and A. L. Allred, ibid., 4, 671 (1965). 
(27) T. Schaefer, W. F. Reynolds, and T. Yonemoto, Can .  J .  Chem., 41, 

Allred and E. G. Rochow, J .  Inoi’g. XucI. C h e m . ,  6 ,  269 (IQ58); 
i b i d . ,  16, 237 (19601. 

Chem., 5,  114 (1966). 

2969 (1963). 
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ence alcohol is the stronger ba~e.~p~8-30 Methanol was 
chosen as the reference acid for CHaOSiH3 and CH30- 
SiHzCHa since phenol has previously been found to  
undergo a rapid reaction with compounds of this typeeat 
Data for the isomers and other systems of interest are 
listed in Table 11. 

TABLE I1 
METHANOL AND PHENOL FREQUENCY SHIFT  DATA^ 

-AuoH-- 
Ether Ether concn, IM Methanol Phenol 

CHaOCHab 0.25 128 251 
CHaOCHzCHa 0.12 142 268 
CHa0CH2SiHa 0.12 d 246 
CH80SiH3c 0 . 2 5  92 183e 
CHaOSiHZCHa 0.12 114 2216 

Solvent, CCl4; concentrations: phenol, 0.005 M ;  methanol, 
0.01 M ;  values reproducible to f 3  cm-l. Reference 5. 
a Reference 31. d No hydrogen-bonded OH absorption observed. 
e Values extrapolated from methanol data.  Phenol frequency 
shifts ( + 4  cm-l) for a number of ethers are related to methanol 
frequency shifts by the relationship Av(pheno1) = 1.76Av 
(methanol) + 21.0 (G. A. Gibbon, J. T. Wang, and C. H.  Van 
Dyke, unpublished results). 

The results indicate that when phenol is employed 
as reference acid, CH30CH2SiH3 acts as a stronger base 
than the silicon-substituted isomer CH30SiH2CH3. 
Although this behavior is not that predicted from simple 
electronegativity considerations, the results are in 
accord with other experimental observations that the 
donor properties of various mono- and dimethoxysilanes 
are less than their carbon  analog^.^^,^^ This has been 
attributed to (p+d) T bonding in the Si-0 link- 
agee1~2~30~32  The fact that no hydrogen-bonding inter- 
action was observed between CH30CH2SiH3 and metha- 
nol cannot be explained a t  the present time. Weak 
intermolecular association of the CH30CHtSiH3 (broken 
up when phenol is employed as reference acid) could be 
responsible for this, although in dilute solutions associa- 
tion should not be very important. In addition, no 
appreciable association of pure CH30CH2SiH3 has been 
reported.4 

The observation that CH30SiH2CH3 is a stronger 
base than CH30SiH3 can be attributed to the well- 
known electron-releasing characteristics (+I effect) of 
the CHI group.33 The relative basicities of (CH3)20 
and CH30CH2CH3 also reflect this +I effect. I t  also 
appears that the CH3 group is more electron releasing 
through the SiHz group than i t  is through the CH2 
group. 

It is of particular interest to note that in the present 
hydrogen-bonding study CH30CH2SiH3 acts as a 
weaker base than CH30CH2CH3. This indicates that  
to a CH2 group in these ether systems, the CH3 group is 

(28) G. C. Pimentel and A. L. McClellan, “The Hydrogen Bond,” W. H. 

(29) R. S. Drago, “Physical Methods in Inorganic Chemistry,” Reinhold 

(30) R. West, L. S. Whatley, and K. J. Lake, J .  A m .  Chem. SOL., 83, 761 

(31) C. H. Van Dyke and A. G. MacDiarmid, unpublished results. 
(32) B. Sternbaeh and A. G. MacDiarmid, J .  A m .  Chpm. Soc., 83, 3384 

(1961). 
(33) C. K. Ingold, “Structure and Mechanism in Organic Chemistry,” 

Cornel1 University Press, Ithaca. N. Y., 1953, p 70. 

Freeman and Co. ,  San Francisco, Calif., 1960. 

Publishing Corp., New York, N. Y., 1065. 

(1961). 

more electron releasing than the SiH3 group. This is 
also contrary to simple electronegativity considera- 
tions. It is unlikely that steric factors are responsible 
for this behavior, since the steric requirements for 
methanol and phenol in hydrogen-bond formation are 
low.6, ao Recently, evidence has been gathered which 
points to a possible interaction between the unshared 
electrons of a potential donor atom, e.g., C1 or N, and 
the d orbitals of silicon through an intervening CH2 
g r o ~ p . ~ ~ , ~ ~  The effect of this interaction in the case of 
ethers with -0CH2Si- linkages would be to reduce 
their Lewis basicity relative to ethers where such an 
interaction is not possible. The base strength data 
which we have obtained are in agreement with such a 
postulate. However, before definite conclusions can 
be drawn, further work on this general topic needs to be 
done. 
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In an earlier study2 of the acid-catalyzed aquation of 
the tris(oxalato)chromium(III) anion, the kinetics were 
evaluated a t  constant ionic strength ( I  = 1.0). The 
rate studies, which included deuterium solvent isotope 
effect experiments, led to the conclusion that the re- 
action took place by the following dual-path mecha- 
nism : (a) Rapid protonation-dechelation equilibra- 
tion 

C r ( C ~ 0 4 ) ~ ~ -  4- H 8 O ’ s  C ~ ( C Z O ~ ) Z . O C Z O ~ H . O H Z ~ - ,  K (1) 

(1) Part VI in this series: H. Kelm and G. M. Harris, Inovg .  Chem., 6, 706 
(1967). 

(2) Part I1 in this series: K.  V. Krishnamurty and G. M. Harris, J. Phys .  
Cham., 64, 346 (1960). 


