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A series of dimethyl aminosilanes of the types (C 2 Hs)4 _ nSi[N(CH3hln and RR3 _ nSi[N(CH3hln 
(11 = 1- 4, R = CHz= CH- , p-(CH3hHSiC6Hs- - , Hand R' = CH3- and C 2 H s- ) was 
prepared. The relative basicities of the nitrogen atoms in these compounds were determined by 
infrared spectroscopy. The ~v values of the hydrogen bonds of deuteriochloroform (pyrrole) 
with the dimethylaminosilanes studied are interpreted in terms of a (p ->- d) n; nature of the 
silicon-nitrogen bond and of the inductive and steric effects of the substituents. 

A relatively low basicity of the nitrogen atom bonded to silicon have been already 
observed 1 - s. This phenomenon is usually accounted for by a (p -+ d) n nature 
of the silicon-nitrogen bond . On the other hand, little interest has beell -shown for 
a systematic measurement of such model series of alkylaminosilanes that would 
enable to examine how the nature of the silicon-nitrogen bond is affected by different 
number of the nitrogen atoms bonded to the same silicon atom and further whether 
and how the nature of this bond depends on other substituents capable of n-interac
tion with the 3d orbitals of the silicon. In this work the relative basicities of the nitro
gen of these compounds, expressed as frequency shifts, Llv, of the IR absorption 
bands of stretching vibrations of the X - H bonds due to the formation of the hydro
gen bonds X-H···N, were employed as the main criterion of the nature of the silicon
nitrogen bond. 

With this aim we prepared the following series of (dimethylamino)silanes: ethyl
(dimethylamino)silanes (C2Hs)4-nSi[N(CH3)z]n (n = 1-4) and (C2Hsh-nHSi . 
. [N(CH3)2Jn (n = 1-3), vinylmethyl(dimethylamino)silanes (CH 2 =CH)(CH3)3-n' 
.Si[N(CH2)z]n (n = 1-3) and [(p-dimethylsilyl)phenyl]methyl(dimethylamino)-
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silanes [P-(CH3)2HSiJC6H~Si(CH3)3_n[N(CH3h]n (11 = 1-3, along with phenyl
tris(dimethylamino )silane and tris( dimethylamino )chlorosilane . 

EXPERIMENT AL 

Compounds Used 

The dimethylaminosilalles were prepared by reaction of appropriate chlorosilanes with dimethyl
amine (Fluka AG, Buchs SG) in cyclohexane (Lachema, Brno). Most of the chlorosilanes used 
were commercial products (VCHZ Synthesia, Lucebni z3.vody, Kolin), which were redistilled 
before use. Their purity was checked by glc and IR spectroscopY,and by determining their indices 
of refraction. 

Triethylchlorosilane and diethylchlorosilalle were prepared by a common Grignard synthesis6 •
7 

from diethyldichlorosilane and ethyldichlorosilane, resp., and ethylmagnesium bromide in 22% 
and 34% yield, resp. Vinyldimethylchlorosilalle was prepared by the reaction of dimethyldichloro
silane with vinyl magnesium chloride in tetrahydrofurane. The product was slightly contaminated 
with divinyldimethylsilane8 (approx. 5%). The [(p-dimethylsilyl)phellyl)methylchlorosilalles were 
prepared earlier9 in our laboratory. The compounds were distilled before use. Physical proper
ties of the organochlorosilanes prepared are summarized in Table l. Their purity was checked 
by g\c and the IR and NMR spectroscopy. Due to a low stability of the silicon-nitrogen bond, 
all the operations were carried out under the atmosphere of dry nitrogen. 

The ethyl(dimethyl)amillosilalles were prepared by reactions of appropriate ethylchlorosilanes 
with an excess of dimethyl amine in cyclohexane. Except ethyltris(dimethylamino)silane, the pro
cedure described bellow was followed. 

Diethylbis(dimethylamillo)silolle. A 500 ml three-necked flask equipped with a mechanical 
stirrer, a dropping fUllnel and a dry ice-ethanol cooler was charged with a solution of 50 ml 
(34 g, 0·75 mol) of dimethylamine in 150 ml of cyclohexane . Then a solution of 20 g (0·13 mol) 
of diethyldichlorosilane in 50 ml of cyclohexane was added with stirring over a period of 1-- 2 
hours. The reaction mixture was then boiled for 4- - 5 hours, using the dry ice-ethanol cooler 
in order to avoid a loss of the excess dimethylamine, till the temperature of the reaction mixture 
reached the boiling point of cyclohexane. When cooled down , the liquid phase was separated 
from the precipitated dimethylamine hydrochloride by filtration through a glass frit using an 
overpressure of dry nitrogen. The cyclohexane was distilled off and the raw product fractionated 
under reduced pressure, yielding the pure diethyl(dimethylamino)silane, b.p. 62 - 62'5°C/15 Torr. 

Ethyltris(dimethylamino)silalle was prepared similarly. However, the obtained product contai
ned 4·3% of chlorine. Eighteen grams of the compound, together with 15 ml of dimethylamine 
and 50 ml of cyclohexane were therefore heated in a sealed glass ampule for 5 hours to 100°C. 
After dimethylamine hydrochloride and cyclohexane had been removed, the fractionation of the 
residue afforded the pure ethyltris(dimethylamino)silane, b.p. 66 - 67°C/ 12 Torr. 

The vinyl(dimethylamillo)silanes were prepared similarly as the ethyl(dimethylamino)silanes, 
by reaction of the appropriate vinylchlorosilanes with an excess of dimethylamine in cyclo
hexane12 •13 . 

The [(p-dimethylsilyl)phenyl]methyl(dimethylomillo)silalles, too, were obtained in the same way9. 
The reaction of (p-dimethylsilyl)phenyltrichlorosiJane with dimethylamine carried out in the usual 
way gave a product containing 12% of chlorine. A mixture of 9 g of this compound, 15 ml 
of dimethylamine and 30 ml of cyclohexane was therefore heated in a sealed glass ampule for 

Collection Czechoslov_ Chern . Comrnun . /Vol. 36/ (1971) 



1590 Pac!, Jakoubkov<i, Papouskov<i, Chvalovsky : 

6 hours to 100°C. After the usual work-up, the desired (p-dimethylsilyl)phenyltris(dimethylamino)
silane was obtained by fractional distillation . 

Phenyltris(dimelhylamino)silane. A 500 ml three-necked flask, equipped with a mechanical 
stirrer, a dropping funnel and a dry ice-ethanol condenser was charged with a solution of 50 ml 
(34 g, 0·75 mol) of dimethylamine in 150 ml of cyc!ohexane. Then a solution of 20 g (0·09 mol) 
of phenyltrichlorosilane in 50 ml of cyclohexane was dropwise added with stirring over an I-hour 
period. After the usual work-up the fractional distillation of the residue yielded a product, b.p. 
103 - 104°C, containing 11·92% of chlorine (i.e. predominantly phenylchlorobis(dimethylamino)
silane}. A mixture of 15 g of this compound, 25 ml of dimethylamine and 40 ml of cyclohexane 
was heated in a sealed glass ampule for 6 hours to 100°C. The usual work-up afforded the pure 
phenyltris(dimethylamino)silane. 

Tetrakis(dimethylamino)silane . The reaction of 18 g (0'11 mol) of silicon tetrachloride with 
60 ml (41 g, 0·91 mol) of dimethylamine in cyclohexane yielded a compound boiling 74- 75°C/ 20 
Torr which was assigned as chlorotris(dimethylamino)silane on the basis of its elemental analysis 
and infrared spectrum. A mixture of 12 g of this compound, 30 ml of dimethylamine and 30 ml 
of benzene was heated in a sealed glass ampule for 6 hours6. After the usual work-up the fraction
ation of the residue afforded 6 g of the pure tetrakis(dimethylamino)silane, b.p. 72 - 73°C/ 12 Torr. 

The physical constants and elemental analyses of the dimethylaminosilanes prepared are 
summarized in Table II. 

2200 2300 
v, cm-t 

Fro. 1 

Infrared Spectra of Hydrogen Bonds bet
ween Deuteriochloroform and (C2 H s)4-n ' 

. Si[N(CH3hln 
1 n = 1, 2 n = 2, 3 11 = 3, 4 n = 4. 

.~ l 
~~ I , . . ~ 

3200 3300 3400 v,em·1 3500 

FIG. 2 

Infrared Spectra of Hydrogen Bonds between 
Pyrolle and Some Proton Acceptors 

1 C6H sSi[N(CH3hh, 2 p-(CH3hHSi . 
. C6H4Si[N(CH3hh, 3 P-(CH3hHSiC6H4' 
.siCH3[N(CH3hh. 4 p-(CH3hHSiC6H4-
Si(CH3hN(CH3h, 5 benzene. 
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Physical Constants of Chlorosilanes Used o-
0 

J n"5° 
::l 

Compound 
B_p_,oC/Torr Calculated/ Found Yield () 

---- -~-.. -~ ----~------~---~-
M_w_ 0 

~~ CI ~~ 3 
() found lit. found lit. "0 

If -.-~--- § !:I 
() Vinyldimethylchlorosilane 82 82-82-5 10 IAI62 IAI4110 a 120-7 29 -39 ~ 
8 
!3 28-54 r 

" X 
p :::: 
~ Diethyldichlorosilane 129 - 130 12911 IA319 1-4309 11 157-1 45-13 

45 -29 
~ 

Triethylchlorosilane 146- 146-5 1466 1-4315 1-42996 
" 150-7 23 -52 22 

- 22-87 

Diethylchlorosilane 98 - 99 99-77 IA169 1041337 a 122-7 2R-90 34 
28-13 

[p-(Dimethylsilyl)phenylj-dimethyl-
chlorosilane 107- 108/ 7 228-88 15049 30 

15-62 

[p-(Dimethylsilyl)phenylj-methyl-
dichlorosilane 100/ 2 249 -31 28045 28 

28 -50 

[p-(Dimethylsilyl)phenylj-tri- 102/ 2 269-73 39-44 29 

chlorosilane 39-53 

a n"55_ 
.... 
Ul 

~ 



TABLE II 

I~ Physical Constants of (Dimethylami no)silanes 

B.P., °C (Torr) nfio d 24 
Compound D M .W. ------ -_.- .-.-~-----. ~-----.-----

found lit. found lit. found lit. 

Ethyltris(dimethylamino)- 66~ 7 1-4399 0·876 189·3 50 ·71 12·25 22·22 70 
si lane (12) 50·68 12·11 21·9 

Diethylbis(dimethylamino)- 62~ 62'5 1-4362 0·8 37 174·3 55'08 12·72 16·08 84 
si lane (15) 55-49 12·67 16·2 

T riethyl(dimethylam ino) 56 ~ 56'5 166~ 715 1-4311 1'4325 15 0·80 1 0'804415 a 159·2 60·30 13·28 8·79 86 
silane (17) 60·83 13·14 8·7 

Tris(dimethylamino)silanc 62 142 16 1-4271 0'833 0'85016 a 161·3 44·67 11'87 26·05 84 
(45) 44-42 11 ·62 24'8 

~ Ethylbis(dimethylal11i no) 48 -- 49 1-4232 0·819 146·3 49 ·25 12·40 19·25 81 

-~ [ silane (30) 49·31 12·55 19·3 g. 
Diet hyl(d imct hylamino) 57 1·4183 0·778 13 1·3 54·89 n05 10·67 67 

I» 
;0;-

~ 0 
silane (60) 55·37 13·34 10·3 c: 

~ 
0-
;0;-

Vinyldimcthyl(dil11cthylamino)- 52 107 12 1·4177 1'417012 b 0·763 0.77312 c 129·2 55·73 11· 70 10·84 58 p. 
Q silane (100) 56·80 11 ·3 5 10·1 

~ S Vinylmcthylbis(d imcthyl- 66 83 12 1 '4351 1'4337 12b 0·828 0'82412 c 158·2 53· 10 11 -47 17·7 1 71 
"0 
0 

~ amino)s ilane (47) (100) 53 ·06 11 ·24 17·6 ~ 
;0;-

S 
82 12 1-444712 b 0·866d 0'86312 c 

~ 
~ Vinyl tris( dimethylamino) 69 1·4467 187·2 51·28 11 ·31 22·45 75 J" 

~ si lane (18) (30) 50·93 11·50 22 ·3 () 

~ 
~ Tetrakis( dimethylamino)- 72~ 73 72~7514 1-4427 1 -4436 14 0'882d 0'885 14 204·3 47·0 1 11 ·84 27·41 55 

~ silane (12) (13) 46·65 11·69 27·2 
Q. 



~ 
Tris(dimcthylamino)- 81 62 - 63 14 1-4410 1-441714 

chlorsilane (30) (12) 
gO 

Phenyltris(dimcthylamino)- 121 1-5039 
~ silane (8) 

f [(p-Dimethylsilyl)phenyl]di- 100 1-5012 

Q mcthyl(dimcthylamino)silane (0-5) 

~ [(p-Dirnethylsilyl)phenyl]rne- 106 1-5034 
() 

~ thylbis(dimethylamino}silane (0-5) 

~ [(Dimethylsilyl)phcnyl]tris- 120 1-5058 

~ (dimethylamino)silane (0-3) 

~ 

a d~o, b n2d, c d~5, d dF 
~ 

0-971 d 0-975 14 195-7 36-85 9-28 

37-44 9-45 

0-966d 237 -3 60-68 9-77 

60-43 9-82 

0-903 d 237-3 60-68 9-77 

60-35 9-57 

0-920d 266-3 58-58 9-84 

58 -24 9-76 

0-938 d 295-4 56-87 10-23 

56-75 10-41 

21-49 

21-95 

17-71 

17-5 

5-90 

5-8 

10-54 

10-7 

14-23 

13-9 

64 

69 

75 

82 

68 

~I 
~ 8-
::s 
(j 
0 
3 
'8 
§ 
0.. 
!" 

t""' 
>< ;:: 

.... 
Ul 

~ 
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Infrared Spectra 

The infrared spectra of the above compounds were taken on a Zei ss Model UR 20 spectrophoto
meter (Zeiss, lena) using the usual procedure described elsewhere I 7 . 

RESULTS 

The infrared spectra of the studied compounds (cf. 18) were interpreted in accordance 

with the literature I9
.
20

. The spectra of all the (dimethylamino)silanes exhibit a strong 
absorption in the 760 - 700 cm - I region, which is characteristic for the stretching 

vibrations of the Si- N and Si- C bonds. As with the (dimethylamino)germanes I7 

these compounds, too, cannot be measured in carbon disulphide, because of the in

sertion of the solvent into the silicon-nitrogen bond. The selection of suitable proton 
donors is limited by similar factors l7 as in the case of the analogical germanium 

compounds. The values of frequency shifts, ~v, originated from the interaction 

of deuteriochloroform (pyrrole) with the aminosilanes studied are given in Table III. 
The form of the spectra of the hydrogen bonds of deuteriochloroform with the series 

of ethyl( dimethylamino )silanes is represented in Fig. 1. The spectra of the phenyl( di
methylamino )silanes interacting with pyrrole are shown in Fig. 2. The absorption 
band at 3430 cm -I originates from the interaction of the hydrogen of the N-H 

bond of pyrrole with the aromatic nucleus, as evidenced by the spectrum of the 

system benzene-pyrrole in this region (curve 5). 

TABLE III 

Values of Av(cm -I) for Some Dimethylaminosilanes 

Protonacceptor 

(C2HS)3SiN(CH3h 
(C2HshSi[N(CH3hh 
(C2 Hs)Si[N(CH3hh 
Si[N(CH3h14 
(CH2=CH)(CH3)zSiN(CH3)2 
(CHz=CH)CH3Si[N(CH3)z12 
(CHz=CH)Si[N(CH3hh 
(CzH shHSi[N(CH3)zl 
(CzH s)HSi[N(CH3hlz 
HSi[N(CH3hh 

p-(CH3hHSiC6H4Si(CH3h[N(CH3hl 
p-(CH3h HSiC6H4Si(CH 3 ) [N(CH 3hh 
P-(CH3hHSiC6H4Si[N(CH3)zh 

C6H sSi[N(CH3hh 

2'5M-CDCI 3 0·3M-pyrrole 

40 257 
38 264 
32 236 
28 215 
40 274 
31 249 
23 217 
34 239 
29 245 
25 212 
36 283 
27 246 
24 242 
21 211 
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DISCUSSION 

Fig. 3 shows the dependence of Lll' (i .e. the difference in wavenumbers of absorption 
bands of the C- D stretching vibrations of the associated and of the non-associated 
deuteriochloroform in the system N,N-dimethylamino group-deuteriochloroform) 
on the number of the dimethylamino groups for all the series of (N, N-dimethylamino)
silanes and for the series of ethyl (N,N-dimethylamino)germanes I7

. The mOllo(N,N
dimethylamino )silanes studied are analogous to tertiary aliphatic amines . Of these 
amines only interaction of triethylamine with deuteriochloroform was studied 
(Llv (C-D) was reported21 to be here 84cm- 1

; we found the value of 80cm-I). 
Even though there are no data available on the frequency shifts for tertiary amines 
of isosteric structure with tbe compounds studied by us, we can state that the Llv 
value found by us for triethyl( dimethylamino )silane (40 cm - 1

) is lower than it could 
be expected on the basis of the electropositive character of silicon. A similar situation 
arises also for some other series; so, for instance, the relative basicities of ethers 
measured in similar fashion are higher than those of alkoxysilanes. The lowest 
basicities are displayed by siloxanes3.22.23. As with the silicon-oxygen bond, here 
also this finding can be accounted for by a (p --+ d) n nature of the silicon- nitrogen 
bond, which considerably reduces the electrondonor ability of the nitrogen of this 
bond. A somewhat lower Llv value for triethyl(d imethylamino)germane 1 7 (70 cm - I) 
is indicative of (p --+ d) n bonding also in the germanium-nitrogen bond, which is 
however substantially less developed, as compared with the silicon- nitrogen bond. 

If we compare the basicity of triethyl( dimethylarriino )silane (I) with that of vinyl
dimethyl(dimethylamino)silane(II), it can be expected that the substitution of ethyl 
groups for methyl ones should bring about a decrease in the basicity of the latter 

FIG. 3 

Dependence of .6..v on the Number of Di
methyl amino Groups 11 in the Molecule of 

1 (CzHs)4_nGe[N(CH3hln.2 (CZHS)4-n' 
.Si[N(CH3)zln' 3 (CHz=CH) (CH3h-nSi. 
.[N(CH3hln' 4 [p-(CH3hHSilC6H4Si. 

60 

6v 
em-' 

CD CI) 

.(CH3h-n[N(CH3hJn• 5 (CzHsh _nHSi . 

. [N(CH
3
hJ

n
• O,~, -----;!.----+------! 
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compound, as a result of t he lower + I effect of the methyl group. Also the vinyl 
group should act, due to its electronegative nature, in similar way. However, this 
is not the case; the ~v values for both compounds are practically identical. This fact 
may be accounted for by assuming that the nitrogen atom of vinyldimethyl(dimethyl
amino )silane is sterically more accessible, as compared with that of derivative 1, 
this effect compensating the lower electropositive inductive effect of methyl groups. 
With the increasing number of dimethylamino groups and the decreasing number 
of methyl groups, the steric advantage of vinyl group becomes less significant, the 
electron"acceptor character of vinyl group becoming predominant factor. As a result, 
vinyltris( dimethylamino )silane displays lower basicity than isosteric ethyltris( di
methylamino )silane. 

On the other hand, on the basis of our results, the basicity of [(p-dimethylsilyl)
phenYlJ(dimethyldimethylamino)silane seems to be lower than that of its aliphatic 
analogue. This may be due to the electron-withdrawing character and steric effect 
of bulky (p-dimethylsilyl)phenyl group, which both reduce the accessibility of the 
nitrogen atom. 

We found the following order of the relative basicity of tris(dimethylamino)silanes 
towards deuteriochloroform: C2HsSi[N(CH3)J3 > HSi[N(CH3hJ3 > [p-(CH3)2' 
.HSi]C6 H4 Si[N(CH3h]3 > CH2=CH- Si[N(CH3h]3 > C6 H sSi[N(CH3hJ3 > 
> Si[N(CH3h]3CI. This sequence can be best explained in terms of electronic effects 
of substituents. The most marked effect is exerted by a strongly electronegative chlori
ne in the last compounds, the basicity of which is so low that only a broadening of the 
band of the C-D stretching vibration of nonassocialed deuteriochloroform is 
observed (2255 cm - I) '_ 

In all of the series of (dimethylamino)silanes as well as in the series of ethyl(di
methylamino )germanes the basicity of the compounds decreases with the increasing 
number of dimethylamino groups (or with the decreasing number of the ethyl to 
metal or of the methyl-to-metal bonds) in their molecule. This decrease is likely 
caused by the -I effect of dimethylamino groups (or by the + I effect of ethyl or 
methyl groups), similarly as in the case of alkylalkoxysilanes and their carbon and 
germanium analogues23

,24. If the number of dimethylamino groups attached to the 
gentral atom is increasing, in particular following the two factors are of special 
importance. 
The first one is tbe fact that a (p --t d)n bonding capacity of silicon (germanium) 
is being saturated with increasing number of the electron-donor nitrogen atoms 
bonded to the central atom25. Consequently, the extent of (p --t d) n bonding in 
each silicon-nitrogen bond decreases with its increasing number in the molecule. 
This effect alone should lead to increase in basicity as the number of dimethylamino 
groups increases. However, the opposing effect of a gradual lowering of electron 
density on the central atom and on the nitrogen atoms with increasing number 
of alkyl groups (exhibiting + I effect) and upon the introduction of additional di-
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methylamino groups (exhibiting -I effect) appears to be more important , since the 
net result is a gradual decrease in basicity. From comparison of the slopes of the 
curves representing the dependence of the basicity on substitution number for 
the ethyl(dimethylamino)silanes and the ethyl(dimethylamino)gerl1lanes (Fig. 3) it 
is evident that this curve is steeper for the germanium derivatives; this is in accord
ance with the concept of lower tendency of germanium to (p ~ d) 1t bond formation 
with nitrogen, compared to silicon As the number of dimethylamino groups attached 
to silicon increases, the extent of (p ~ d) 1t interaction of each nitrogen with silicon 
becomes less important and thus the basicity of tetrakis(dimethylamino)germane 
differs from that of tetrakis( dimethylamino )silane much less than in the case of cores
ponding mono( dimethylamino) derivat ives . 
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