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Introduction 

Our previous studies have been dealt with silicon-nitrogen bond in pyrrol 
derivatives [l]. Recently, N-substituted aniline derivatives containing silicon 
have been examined. Ultraviolet and infrared spectra as well as dipole moments 
of the prepared compounds werc determined and the results were discussed. 

Results 

1. Preparations 

Trimethyl-phenylamiuo-silane was prepared by the method of ANDERS02'i" 
[2] from trimethyl-chlorosilane and aniline in the presence of triethylamine 
using benzene as solvent. For the preparation of hexamethyl-N-phenyl-disi­
lazane three methods have been known till now. BAILEY and \VEST [3] made 
N-bromo-hexamethyl-disilazane to react with phenyllithium at -70°C in 
a benzene-ether medium, to produce hexamethyl-disilazane and a small 
amount of the compound [(CH3hSiLNCoH5' KLEBE & al. [4] carried out the 
synthesis by reacting trimethyl-phenyl-amino-silane, buthyllithium and tri­
methyl-chlorosilanc in tetrahydrofurane (80% yield in 15 hours). HILS & al. [5] 
prepared hexamethyl-N -phenyl-disilazane from trimethyl-diethylamino-silane 
and aniline in the presence of (NHj)lSO.1 (89% yield in 5 to 6 hours). We applied 
Grignard reaction to prepare hexamethyl-N-phenyl-disilazane from trimethyl­
phenyl-amino-silane, ethyl-magncsium-bromid and trimethyl-chlorosilane 
according to the following reactions: 

CzH5MgBr + CoH:iNHSi(CH3k-:~~ COH5NSi(CH3h + CzHr. 

COH5NSi(CH3h 
I 
i 

lVIgBr 

(CH3hSiCI 

lVIgBr 

[(CH3)3SihNCoHs ...L MgBrCI 
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For detailed description of the preparation see [6]. Physical data of the 
compounds are shown in Table 1. 

Table 1 

Physical data of :\"-trimethylsilyl-aniline derivatives 

C,H,);HSi(CH,), C,H," [Si(CH,),j, 

b.p. °C/mm 96-98/15 70/2 

d2S 
4 glml 0,9296 0,8978 

n:!5 
D 

1,5190 1,.1835 

MRD (calculated) 52,6J 75,37 

MRD (obtained) 53,97 75,61 

2. Ultraviolet spectra 

The ultraviolet absorption spectra of the compounds were recorded hy 
a Spektromom 201 s})ectrophotometer in cyclohexane solutions of concentra­
tions ranging from 10-'l to 10- 5 molll using silica cells of 1 cm size. Our results 
show a good agreement with the data measured in iso-octane by PITT and 
FOWLER [7]. In order to evaluate the spectra ahove, the ultraviolet spectra 
of N-methyl-aniline and N,N-dimethyl-aniline 'were also determined in cyc­
lohexane. The spectra are presented in Figs 1 and 2, the data of ahsorption 
peaks are compiled in Tahle 2. 

Table 2 

Ultraviolet absorption data of aniline derivatives 

C,H,);HSi(CH,), C,H,);HCH, 

I'" , .. 
lUll cm- 1 nm cm- 1 

241 J149J II 780 12640 

287 34845 1790 

i 

2 lIO 

299 33445 1300 

C,H)>;[Si(CH,J,], C,}I,);(CH,), 

J. ,.* 
I 

f'* 

nUl cm- 1 nnl cm- 1 

i 

235 42553 3980 251 398·H 15690 

266 3759J 470 298 33557 2 JOO 

272 36765 J50 
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Fig. 1. L:ltraviolet absorption spectra of j'\ -methylanilint? and trimethy I-phenylamino-silane 
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Fig. 2. Ultraviolet absorption spectra of :;'\,N-dimethvlaniline and hexamethyl-:;'\-phenyl-
disilazane • 

3. Infrared spectra 

The infrared spectra were recorded by an UR-20 spectrophotometer, 
using a thin film between two plates. The infrared spectra are shc»"n in Figs 3 
and 4·, and the data of spectra are given in Table 3. 
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Table 3 

Data of infrared spectra 
of N-trimethylsilyl-aniline derivatives 

v-SiN 
·)'CC 
),(=CH);}"H 
I'SiCH3 

l'asSiN 

yXH 
oSiCHs 
I'CC 

525 
6881 
702f 
768 
8281 
841} 
9071 
974J 

1158} 
1258 

1452\ 1492 
1510 
1570 
1590

1 

1604 
1612 
1630 

3023) 3038 
3070 
3082 

4,. Dipole moments 

y(=CH) 
~'SiCH3 

The dipole moments of aniline derivatives were determined by a faradi­
meter of own construction [8]. Dielectric constant was calculated from the 
capacity values, then dipole moment was determined by the ONSAGER method 
[9] using the following equations: 

2R v 
R' 

f1 = 0.22123 yp* (at 25°C) 

where R sum of atom and electron polarizations 

M~RD molar refraction calculated from the density and the refractive 
index 

ceff effective dielectric constant 
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V molecular yolume 
P* orientation polarization 
Co measured dielectric constant 
p dipole moment in Debyc units. 

The dipolc moments of the compounds are shown in Table 4. 

Table 4 

Dipole moments of X-trimcthylsilyl-aniline deriyatiyes 

C,H,.Ylbi(CH,), C,IL • .Y[Si(CH,),j, 

R .56.669 79.391 

Co 3.9056 ~A361 

ccff ~A032 ~.2866 

P* 36.0376 6.32·13 

/1 [D] 1.328 0.556 

;). Hydrolysis investigations 

Hydrolysis tests were intended to investigate the stahility of silicon­
nitrogen bond. Silicon derivatiyes reacted with alcohol containing hydrochloric 
acid at 2.3 molll concentration were applied to determine the ultraviolet absorp­
tion spectra, compared in turn with the spectrulll of aniline. The resulting 
ultrayiolet spectra are shown in Fig. 5. 

In order to cxamine the effect of the solvent thc ultrayiolet spectra of 
these compounds has been determined in absolute alcohol and no important 
difference has been found between tests in absolute alcohol and cyc1ohexane, 
i.e. the spectra recorded in cyc10hexane and alcohol containing hydrochloric 
acid are comparablc. 

25~---------\'--':-------------r---------­

/og£ 

2 

1,5 

200 220 240 280 ).(nm) 

Fig. 5. Ultraviolet absorption spectra of aniline, trimethvl-phenylamino-silane and hexa­
methyl-N-phenyl-disilazane in alcohol containi~g -hyd~ochloric acid 
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The hydrolysis of hexamethyl-~-phenyl-disilazane was investigated in 
another way, too. The silicon derivatives were boiled for one hour in 0.1 n 
hydrochloric acid solution used ten times in excess. After boiling the solvent 
was distilled and the solid residue was pointed out to contain an about theo­
retical quantity of anilinhydrochloride. The product was identified by deter­
mining the melting point after recrystallization. 

Discussion 

Data in Figs 1, 2 and Table 2 show the ultraviolet spectra of the com­
pounds containing silicon to exhibit a hypsochromic shift referred to the cor­
responding carbon compounds. There is also a hypsochromic shift between 
spectra of hexamethyl-N-phcnyl-disilazanc and of trimethyl-anilino-silane. 
These effects can he explained with thc electron withdrawing character of 
silicon. The silicon draws away electrons from the nitrogcn and the phenyl­
ring and that is why the molecule can be excited by a radiation of shorter 
wavelcngth and highcr cncrgy. This effect causcs the loss of intensity in the 
ultraviolct spectrum. 

Thc relation between electron withdrawing effect and hypsochromic 
shift is clearly illustrated hy the comparison of the spectra of aniline and aniline 
cation (COH5NHt). If an anilinc molecule without charge is transformed to 
cation by adding a proton, a hypsochromic shift in the ultraviolet spectrum 
can be observed (230 and 280 nm, 203 and 254 mn, respectively [10]). The 
same effect appears if an organic aniline derivative is transformed to a silicon 
dcrivative. 

The values of dipole moments can also he attrihuted to the electron 
withdrawal hy silicon. If one hydrogen of an aniline molecule is substituted 
by a (CH3hSi-group, thc dipole moment slightly decreases (1.48 D [11] and 
1.328 D, respectively). Namely there is no serious difference between the 
moments of NH and SiN bonds. If two silicon atoms are attached to the nitro­
gen of aniline, the dipole moment dccreases significantly (0.556 D). The silicon 
atoms draw away the electron pair of nitrogen and electrons of nitrogen­
carbon bond, therefore the value of the NeAr hond moment will increase and 
the dipole moment decrease because of the opposite vector directions. 

The assignations of infrared spectra of the compounds concerned are 
shown in Table 3. l'sSiN and J'asSiN stretching frequency values are seen to be 
practically equal in either compound. As the spatial structures of the two silicon 
derivatives differ significantly, no direct and unambiguous relation between 

frequencies and bond orders can be established. The Vcc and J'(=CH) vihrations 
characterizing aromatic rings appear at a higher frequency in the spectrum 
of trimethyl-anilino-silane than of hexamethyl-N-phenyl-disilazane. This fact 
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can be explained by the withdrawal of the electron cloud from the aromatic 
ring by the two silicon atoms, thereby the bond order in the ring decreases. 

Curves in Fig. 5 are seen to be about the shape, i.e. hydrochloric acid 
the silicon-nitrogen bond causes for both silicon derivatives to split and a 
hydrolysis to take place producing aniline hydrochloride. This hypothesis 
was supported by our second hydrolytic investigation, identifying the product 
as aniline hydrochloride. 

Our results will be more comprehensively evaluated by means of quantum 
chemical calculations in a subsequent publication. 

Snmmary 

X-trimethylsilyl-aniline derivatives were prepared for determining their ultraviolet 
and infrared spectra and dipole moments together with hydrolysis investigations. The shifts 
in the spectra were evaluated qualitatively. The silicon atom was seen to draw away electrons 
from the nitrogen atom and the phenyl rings to develop delocaIized molecules consisting of 
8 or 9 atoms. 

A further statement was that the silicon-nitrogen bond splitted in the presence of hydro­
chloric acid to form aniline hydrochloride. 
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