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I. INTRODUCTION and the physical constants of the silicon-nitrogen com
pounds are summarized. 

A. SCOPE OP REVIEW 

The chemistry of the silicon-nitrogen compounds B NOMENCLATURE 

embraces both inorganic and organic chemistry. This 
review, although attempting to bridge both fields of The Committee on Nomenclature of the American 
chemistry, emphasizes the organic nature of this class of Chemical Society and the Commission on the Nomen-
compounds. clature of Organic Chemistry of the International Union 

This paper reviews publications through December, of Pure and Applied Chemistry have adopted a system 
1959, with a few important references from papers pub- for naming organosilicon compounds. For a detailed 
lished in 1960. The silicon pseudohalides (cyanides, iso- presentation of this system, the reader is referred to the 
cyanates, and isothiocyanates) and silicon nitrides, the articles by Crane (48, 49). For convenience, a short 
chemical behavior of which differs from that of other resume" of the rules for naming silicon-nitrogen com-
silicon-nitrogen compounds, have been excluded. The pounds is included here. Specific examples are summa-
pseudohalides have been reviewed elsewhere (4, 132). rized in table 1. 
Reactions are given in tabular form where appropriate Compounds derived from the structure H3SiNH4 are 
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TABLE 1 

Nomenclature of silicon^nitrogen compounds 

Formula 

(HtSi)iN 
(HtSi)iNCHi 
HiSiN(CHOt 
((CHi)iSi)iN 
(CiHi)iSiNHi 

(CiHi) iSiNHCiHi 

(f«rl-CiHi)iSi(NHi)i 
(CiHi)iSi(NHCHi)« 
CiHiSi[N(CHi)iJi 
((CHi) iSiliNH 
[(C«Hi)iSi JiNCHi 
[(CHi)iSiNHJi 
I (CiHOiSiN H Ii 
(CHOiSiNHNHCiHi 

Preferred Name 

Trisilylamine 
.V-MethyldUilaiane 
N, N- Dimethylsilylamine 
Trls(triraethylsilyl)amlne 
Triethylsilylamine 

JV-Ethyltriethylsilylamine 

Di-tert-butylsilanediamine 
Bis(methylamino)dlethylsilane 
Trig(dimethylamino)ethylsi)ane 
Hexamethyldisilatane 
^T-Methylhexaphenyldisilasane 
Hexamethyloyclotriailaiane 
Octaphenylcyclotetrasilaiane 
Ar-(Trimethylsilyl)-W-phenylhydraiine 

Other Names In the Literature 

triethylsilicylamine 
Triethyl-tf-ethylaminosilane, AT-ethyl-

(trietbylsilyl)amine 
Di-terl-butyldiamlnosilane 

called silylamines, with the use of appropriate prefixes 
to designate substitution. 

The system of prefix designation for nitrogen sub
stitution becomes quite cumbersome when more than 
one nitrogen is attached to silicon. In these cases the 
amine grouping is designated as a substituent of the 
silane. 

The generic name silazane is given to the series H3Si-
(NHSiH2) ,,NHSiH3. Compounds of this series are called 
disilazanes, trisilazanes, etc., depending upon the num
ber of silicon atoms in the molecule. Two spellings of 
this generic name are found in the literature, silazane 
and silazine, with the former being preferred. 

Compounds of the type (H2SiNH)n are given the 
generic name cyclosilazanes, the prefix depending upon 
the number of silicon atoms in the ring. 

In both the text and the tables, reference to normal 
alkyl groups will be made by the name or formula with
out the prefix n. 

II. PHYSICAL PROPERTIES OF SILICON-NITROGEN 
COMPOUNDS 

The molecular structure of the simple silylamines dif
fers markedly from that of their carbon analogs. On the 
basis of electron-diffraction data (89) and infrared and 
Raman spectra (56, 110, 160), trisilylamine is a co-
planar molecule, as is tri(methylsilyl) amine (57). Tris-
(trimethylsilyl)amine is nonplanar (79). In conjunction 
with its coplanar structure, the silicon-nitrogen dis
tance of trisilylamine is shorter than that calculated or 
that observed in other silicon-nitrogen systems (see 
table 2). These properties of the simple silylamines have 
been interpreted in terms of the ability of the extra pair 
of electrons of the nitrogen to enter into the empty d 
orbitals of the silicon (c?x-pT overlap). (See reference 47 
for a general discussion of this type of bonding.) The 
resonance energy of the silicon-nitrogen bond has been 
estimated to be 9 kcal./mole (198). 

On the basis of electron-diffraction data, hexamethyl-
cyclotrisilazane and octamethylcyclotetrasilazane have 

HiSi SiH1 

V 
iH, 

H1Si 
\ • 

SiH, H1Si 
V 

iH, 

</ 

IiH1 

SiH, 

been assigned nonplanar structures (220). However, 
Kriegsmann (109) has studied the infrared and Raman 
spectra of hexamethylcyclotrisilazane and assigned a 
coplanar structure to this compound. 

The relative basicities of trisilylamine and the other 
simple silylamines have been studied, using trimethyl-
boron as the reference acid and trimethylamine as the 
reference base. From the standpoint of electronegativ
ity, trisilylamine should be a strong base but it is, in 
fact, a very weak base. The actual pK» has not been 
determined because of facile cleavage of the silicon-
nitrogen bond by acidic reagents. Neither trisilylamine 
nor iV-methyldisilazane enters into complex formation 
with trimethylboron (37, 198) or diborane (37, 67), and 
attempts to differentiate them with boron trifluoride or 
monobromodiborane failed, although there was some in
dication that trisilylamine was the weaker base (199). 
iV,JV-Dimethylsilylamine does form a complex with tri
methylboron and, by comparison of the dissociation 
pressures of this complex with those of trimethylamine, 
the silylamine was found to be the weaker base (198). 
Thus the basicities of these silylamines decrease in the 
following order: 

(CH,),N > H,SiN(CH,), > (H8Si)1NCH, ~ (H,Si),N 

This decrease in basicity as methyl groups are replaced 

TABLE 2 

Bond distances and bond angles for silicon-nitrogen compounds 

Compound 

((CHOiSiNHIi.. 
[(CHOiSiNHI... 
(HiSi)iN 
[(CHOiSiIiNH. . 

Bond 
Distance* 

1.78 ± 0.03 

1.738 ± 0.020 

N—Si—N 
Bond 
Angle 

111 ± 5° 

S i—N-Sl 
Bond Angle 

117 ± 4° 
123 ± 4" 
119.6 ± 1.0° 
131° 

Refer
ence H

i! 

• Caloulated: 81—N, 1.80 A.; Si=N. 1.62 A. (88). 
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by silyl groups has been attributed to the addition of 
available d orbitals for participation in resonance (55). 

No extensive studies of the relative basicities of 
higher silylamines have been undertaken, although a 
few other compounds have been investigated. Neither 
tri(methylsilyl) amine nor JV-methyldi(methylsilyl)-
amine forms a complex with trimethylboron, but N,N-
dimethyl(methylsilyl) amine does undergo complex for
mation (55). Tetrasilylhydrazine does not function as 
an electron acceptor or donor (9). On the other hand, 
hexamethyldisilazane forms complexes with boron tri-
fluoride (145) and sulfur trioxide (13). 

In the infrared spectra of trialkylsilylamines, nitro
gen-hydrogen bond stretching and deformation fre
quencies are similar to those of normal amines (62). 
The silicon-nitrogen bond asymmetric stretching fre
quency in the simple silylamines has been observed in 
the 900-1000 cm.-1 region (57, 110, 160). Other tabula
tions and published spectra are found in the literature 
(39, 64, 68, 79, 108). 

The mass-spectral analysis of hexamethyldisilazane 
has been reported (177), as have the nuclear magnetic 
resonance spectra of hexamethyldisilazane (93), hexa-
methylcyclotrisilazane (93), trisilylamine (58), N,N-di-
methylsilylamine (58), and iV-methyldisilylamine (58). 

Dipole moments of some silylamines have been meas
ured: hexamethyldisilazane, 0.67 D (145); iV-methyl-
hexamethyldisilazane, 0.44 D (145); trimethyl-iV-phen-
ylsilylamine, 1.37 D (145); tris(trimethylsilyl) amine, 
0.51 D (79). 

The silicon-nitrogen bond refraction is given as 2.00 
ml./mole (213). 

The melting points, boiling points, densities, and re
fractive indices of silylamines and related compounds 
are tabulated in table 12. 

III. SYNTHESIS OF SILICON-NITROGEN COMPOUNDS 

A. SYNTHESIS FROM HALOSILANES 

The action of ammonia or an amine on a halosilane 
results in the formation of a silicon-nitrogen bond. 
Comparative yield data for the various halogens are not 
available in a sufficiently hindered system for the dif
ferences in reactivity to be detected. From the data 
available, the bromo- and iodosilanes appear more reac
tive toward a given amine than do the chlorosilanes 
(202). Owing to their availability, however, the chloro
silanes are most frequently employed. 

The halide released during the course of the reaction is 
precipitated as the ammonium or amine salt. The reac
tion is reversible, with the halosilane being obtainable 
from the silylamine and the amine salt (2, 16). 

R8SiCl + 2R'NH, v± R8SiNHR' + R'NH.Cl 

Since the formation of the ammonium halide or the 
amine salt is common to all the reactions in this section, 
it will be excluded from the equations that follow. 

1. From monohalosilanes 

By analogy with the chemistry of the carbon com
pounds, the reaction of a monohalosilane with ammonia 
should yield four silicon-nitrogen products. However, 
owing to the electronic and steric nature of the com
pounds involved, only one or, in a few cases, two reac
tion products are formed (see table 3). 

When the other substitutes attached to the silicon are 
hydrogen, there is a definite tendency for complete 
silylation of the ammonia or the amine molecule (37, 
195, 198). When silyl chloride is treated with ammonia, 
trisilylamine can be obtained in yields up to 80 per cent 
(37). 

H3SiCl + NH3 -• (H8Si)1N 

With primary amines also, there is a great tendency 
for complete silylation by silyl chloride. With methyl-
amine or ethylamine, only the completely silylated 
product can be isolated (59, 60, 198). 

H8SiCl + CH8NH8 -> CH8N(SiH8), 

This tendency is decreased as the size of the groups at
tached to the silicon is increased. The first evidence of 
steric transition, the preference for formation of di-
silazane over trisilylamine, occurs as the size of the 
groups attached to the silicon is increased from hydro
gen to methyl. The only intermediate case studied 
yields a trisilylamine (55). 

CH8SiH1Cl + NH8 -» (CH8H8Si)8N 

With trimethylchlorosilane, only hexamethyldisil
azane can be isolated (133, 140, 145, 168, 169). An at
tempt to obtain the trimethylsilylamine by the use of 
excess liquid ammonia failed (169). This failure was 
probably caused by rapid condensation of the silyl
amine to the disilazane during attempted isolation. 

(CH,)3SiCl + NH8 -> (CH8)8SiNHSi(CH,)8 

Attempts to obtain tris(trimethylsilyl) amine directly 
failed (169), even at 5000C. with pyridine as solvent 
(79). This derivative, however, can be formed by the 
use of the lithium (210) or sodium (79) salt of hexa
methyldisilazane. 

[(CHj)8Si]2NLi + (CHj)8SiCl -» [(CH8),Si],N 

The tendency for disilazane formation is also ob
served in the formation of JV-methylhexamethyldisil-
azane by the reaction of iV-methyltrimethylsilylamine 
with trimethylchlorosilane (169) 

(CH8J8SiNHCH8 + (CH,)3SiCl -+ [(CH8)8Si]sNCH8 

and in the reaction of diethylchlorosilane with ammonia 
(178). 

(CjH,),SiHCl + NH8 -> [(CsH5)2HSi],NH 

Increasing the size of the substituent on the silicon 
atom from methyl to ethyl does not affect the degree of 
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TABLE 3 
Synthesis of silicon-^niirogen compounds from monohalotilanes 

Haloailane 

HiSiCl . . . , 

DiSlCI.. . . 
HiSiBr. . . 

CHiSiHiCl 

CHiSiHiI. 
(CHi) iSiCl 

<CHi)i8ICHi8i(CHi)iBr 
(CiHi)iSiHCl 
(CHi) iCiHiSiCl 
(C1HO1CH.6ICI 
(CHi)ICiH1SiBr 
(CiHi)iSiCl 

(CiHr)i8iCHiSI(CiH,)iBr. 
(CiHOiSiCl 

Amine 

(CiHOiSiBr 
[CHiCH(Cl) ](CiHi)i8iCl... 
[ClCHiCHiKCiHOiSlCl.... 
(CiHi)(CHi)(CiHi)SiCl.... 
(CiHiCHi)(CHi)(CiHi)SiCl 
(CiHi)iSiCHiSi(CiHi)iBr... 
(CiHOiSiCl 

(C.Hi)iSiCHiSi(C.Hi)iBr 
(CHOiSiCl 

(CiHi)iSiBr 
(CiHi)iSiF 

[ M C H , ) I N C I H I ] I 8 1 C 1 • • • 
(P-CHICIHOISIF 

N H I 

C H I N H I 

C I H I N H I 

( C H I ) I N H 
NHi 
N H I 
C H I N H I 

(CHOiNH 
N H I 
C H I N H I 

( C H I ) I N H 
N H I 
C H I N H I 

( C H I ) I N H 

C I H . N H I 

( C I H , ) , N H 

C H I = C H O C ( C H I ) I N H I 
(er(-CiHiNHi 
C(H1NHi 
'CHOiSiNHCHi 
[(CHOiSiIiNNa 
[(CHOiSiIiNLI 
CiHtNK 

AgOSOiNHi 
NHiCHiCOOCiHi 
NHiCHiCOONa 
CHiCONHi 
NHi 
NHi 
NHi 
NHi 
NHi 
NHi 

CHiNHi 
(CHOiNH 
CiHtNHi 
(CiHOiNH 
CiH.NHCHiCN 
CHiNHi 
CiH(CHiNHi 
CiH(CH(CHi)NHi 
P-CHiCiH(NHi 
AgOSOiNHi 
CiHiNHi/Li 
NHi 
NHi 
P-CHiCiH(NHi 
P - C H I C I H ( N H I 
NHi 
NHi 
CHiNHi 
(CHOiNH 
CiHiNHi 
(CiHOiNH 
CiH1NHi 
ISO-CIHTNHI 
NHi 
NHi 
CHiNHi 
CiHiNHi 
(CiH.).NH 
CiH1NHi 
IeO-CiH7NHi 
C ( H 1 N H I 
N H I 
N H I 
CiHiNHi 
(C(HOiNLI 
CHiCONHi 
CiHiNHi 
NHi/LI 
(CiHOiNLi 
NHi 
NHi/LI 

Product 

(HiSi) iN 
(HiSi)iNCHi 
(HiSi)iNCiHi 
HiSiN(CHOi 
(DiSi) iN 
(HiSi)iN 
(HiSi)iNCHi 
HiSlN(CHOi 
(CHiSiHOiN 
(CHiSiHOiNCHi 
CHiSiHiN(CHOi 
[(CHOiSiIiNH 
(CHOiSiNHCHi 
[(CHOiSi liNCHi 
(CHOiSiN(CHOi 
(CHOiSiNHCiHi 
(CHOiSiN(CiHOi 
(CHOiSiNHC(CHOiOCH=CHi 
(CHi)iSiNH««rt-C(Hi) 
(CHOiSiNHCiHi 
[(CHOiSi)iNCHi 
[(CHOiSiIiN 
[(CHOiSiIiN 
(CHOiSiNCiHi 

1_J 

(CHOiSiOSOiNHSl(CHOi 
(CHOiSiNHCHiCOOCiHi 
(CHOiSiNHCHiCOOSi(CHi)I 
(CHOiSiNHCOCHi 
[(CHi)iSiCH,Si(CHOi|iNH 
1(CiHOiSiHIiNH 
((CHOiCiHiSi)iNH 
[(CiHOiCHiSiIiNH 
[(CHOiCiHiSiIiNH 
(CiHi) iSiNHi 
[(CiHOiSiIiNH 
(CiHOiSiNHCHi 
(CiHOiSiN(CHOi 
(CiHOiSiNHCiHi 
(CiHi)iSiN(CiHi)i 
(CiHi) iSiN (CiHi) CHiCHiCN 
(CiHi)iSiNHCiHi 
(CiHi)iSiNHCHiCiHi 
(CiH.)iSiNHCH(CHi)CiHi 
(CiH,)iSiNH(CiH.CHrp) 
(CiH0iSiOSOiNH8i(CiH0( 
(CiHOiSiNHCiHi 
[CHiCH(CI)I(CiHOiSiNHi 
[ClCHiCHiKCiHOiSiNHi 
(CiHO (CHO (CiHOSiNH(CiH(CHi-P) 
(CiH,CHi)(CHO(CiHOSiNH(CiH«CHi-p) 
(CiHOiSiCHiSi(CiHi)iNHi 
(CiHOiSiNHi 
(CiHOiSiNHCHi 
(CiHOiSiN(CHOi 
(CiHOiSiNHCiHi 
(CiHOiSiN(CiHOi 
(CiHt)iSiNHCiHi 
(CiHOiSiNH(ieo-CiHr) 
(CiH,)iSiCHiSi(CiHOiNHi 
(C(HOiSiNHi 
(C(HOiSiNHCHi 
(C(HOiSiNHCiHi 
(C(HOiSiN(CiHOi 
(C(HO(SiNHCiHT 
(C(HOiSiNH(IsO-CiH1) 
(CiHOiSiNHC(Hi 
(C(HO(SiCHiSi(C(HOiNHi 
(CiHi) iSiNHi 
(CiHOiSiNHCiHi 
(CiHOiSiN(C(HOi 
(C(Hi)(SiNHCOCHi 
(CiHOiSiNHCiHi 
[(CiHOiSiIiNH 
(CiHOiSiN(CiHOi 
[p-(CHOiNCiH(]iSiNHi 
[(P-CHiCiHO(SiIiNH 

Yield 

per cent 

80 
SS 

— 
— 
— 
84 

— 
— 

68-70 
68 
90 

48-70 
38-55 

40 

— 
25 
32 
66 

— 
60-80 

61 
60 
88 
48 

94 
34 

— 
— 
34 
63 
68 
70 

— 
70 

— 
53 

— 
— 
— 
40 
72 

— 
— 
97 

— 
88 
60 

_ 
61 
88 
30 
70 
68 
79 
64 
74 
72 

— 
— 
— 
— 

— 
80 

— 
65-85 

10 

65-85 
32 
20 
95 
23 

Relerencee 

(37, 67, 160, 198) 
(37, 59, 60) 
(59, 60) 
(69, 60) 
(56, 160) 
(198) 
(198) 
(198) 
(56) 
(86) 
(65) 
(133, 140, 145,169, 
(169) 
(145) 
(66, 140) 
(109) 
(112, 149, 169) 
(60) 
(149) 
(2, 146) 
(169) 
(79) 
(210) 
(64) 

(142) 
(20, 21) 
(184) 
(95) 
(141) 
(178) 
(179) 
(179) 
(180) 
(12, 169) 
(109) 
(8) 
'8) 
(8, 127, 149) 
(8, 100, 149) 
(139) 
(2. 127) 
(127) 
(127) 
(127) 
(142) 
(105) 
(12) 
(184) 
(102) 
(103) 
(141) 
(124) 
(124) 
(124) 
(124) 
(124) 
(124) 
(124) 
(141) 
(120) 
(120) 
(120) 

11
1 

(120) 
(141) 
(184) 
(16) 
(71) 
(95) 
(16) 
(45) 
(46) 
(205) 
(45) 

181) 
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Halosilane 

(0-CHiCHOiSiCl 
(1-CoHOiSiF 
[(CHOiGeJiSiBr 
(CH,0)iSiCl 
(CHiO)1(HrI-CH1O)SiCl. . 
CHi(CHiO)1S(Cl 
(CiH.O)iSiCl 

(IiO-CiH1O) iSiCl 
(IaO-CiHO1(HrI-CH1O)SlCl 
(CiH1O)1SiCl 

(«eoCH.0)iSiCl 
(C4H.O)((er(-C4H,0)iSiCl. . 
(Hrl-CH.O).SiCl 
(HrI-CHiO)1(CHiO)SiCI. . . . 
(HrC-CH1O)1(CH1O)SiCl... 
(HrI-CH1O)1(IaO-CH7O)SiCl 
(CHiO)1SiCI 

KCHi)1NIiSiCI 
[(CHi)1NIiSiHCl 
((CHi)1N]1Si(CHi)Cl 
1(CHi)1N]1Si(C1Hi)Cl 
KCHi)1N]1Si(CiHt)Cl 

[(C1HO1N]1SiCl 
(IeW-CiH1NH)1SiHCl 
((CrI-C1H1NH)1Si(CHi)Cl.... 
(ISrI-CHiNH)1Si(C1Hi)Cl. . . 
(HrI-CH1NH)1Si(CH7)Cl. . . 

[CH1(CH1)INIiSiCl 
I I 

Amine 

(CHO1NLi 
NaNH1 or NHi/Ll 
NHi 
NHi 
NHi 
NHi 
NHi 
(CHi)1NH 
NHi 
NHi 
NHi 
CHiNH1 

CHiNH 1 

(CHi)1NH 
CH1CH1NH 
I I 

C H T N H 1 

CH 1 NH 1 

CHiNH 1 

NHi 
NH1 

NHi 
NHi 
NHi 
NHi 
NHi 

N H 1 ( C H 1 ) ( N H I 

( C H I ) 1 N H 

( C H I ) 1 N H 

(CHO1NH 
(CHi)1NH 
NHi 
(CH1J1NH 
(CHi)1NMgBr 
IsO-CH7NH1 

(C1Hi)1NMgBr 
ISrI-CH1NH1 

(BrI-CH1NH1 

HrI-CH1NHi 
NHi 
CHiNH1 

IaO-CH7NH1 

IeK-CH1NH1 

HrI-CH1NHMgBr 
CH1(CH1)INH 

Produot 

(0-CH1CHi)ISiN(CHO1 

(1-CoHOiSiNHi 
[(CHi)IOe]ISiNH1 

[(CHiO)ISi]1NH 
(CHiO)I(HrI-CH1O)SiNH1 

[CHi(CHiO)1Si]1NH 
[(C1HiO)ISi]1NH 
(CHiO)ISiN(CHi)1 

(JaO-CH7O)ISiNH1 

(.80-CiH7O)1(HrI-CH1O)SINH. 
(CH1O)ISiNH. 
(CH,0)iSiNHCHi 
(CH1O)ISiNHC1Hi 
(CH1O)ISiN(CHi)1 

(CH1O)ISiNCH1CH1 

(CH1O)ISiNHCH7 

(CH1O)ISiNHCH. 
(CH.O)iSiNHCHi 
(sec-CH.OJiSiNH. 
(CIHIO) ((CrI-CH1O)1SiNH: 
(HrI-CH1O)ISiNH1 

(HrI-CH1O)1(CHiO)SiNH1 

(HrI-CH1O)1(CH1O)SiNH1 

(HrI-CH1O)1(Ia0-CH7O)SiNH1 

(CHiO)ISiNH1 

[(CHiO)ISi]1NH 
(CHiO)ISiN(CH1)ICH1 

I , > 
[(CHi)1NJiSi 
KCHi).N]iSiH 
[(CHOiN]1SiCH1 

[(CHOiN)iSiCHi 
[(C1HO1N]ISi(C1HONH1 

[(CHOiN]ISiCH7 

[(C1HOtN]1SiCH7 

[(CHOiN J1Si(CH7) (NH-iao-CH7) 
[(CHOiN ]iSi 
(lerf-CH.NH)iSiH 
(HrI-CH1NH)ISiCH1 

((SrI-CH1NH)ISiCHi 
(HrI-CH1NH)ISi(CHi)NH1 

(HrI-CH1NH)1Si(CH7) (NHCHi) 
(H, l-CH,NH)iSi(CH7) (NH-iso-CH7) 
(Hrl-CH.NH)iSiCH7 

(HrI-CH1NH) !SiCH7 

[CH1(CHOiNJiSi 

Yield 

per cent 

55 
60 
90 
35 

— 
— 
58 
71 

— 
78 
82 

— 
— 
45 

— 
57 

— 
— 
85 
83 
55 
82 
00 

— 
80 

89 
13 
4 

69 
2 

32 
64 
53 
85 
48 
13 
70 
89 
73 
2 

42 

~ 

Referenoea 

(72) 
(44, 45) 
(137) 
(162) 
(147) 
(162) 
(162) 
(162) 
(176) 
(138) 
(116, 117) 
(117) 
(116, 117) 
(99) 
(91) 

(117) 
(117) 
(99, 117) 
(77) 
(147) 
(138. 147) 
(138) 
(138) 
(138) 
(175, 214) 
(162) 
(175) 

(27) 
(202) 
(202) 
(202) 
(200) 
(202) 
(202) 
(200) 
(29) 
(202) 
(202) 
(202) 
(200) 
(200) 
(200) 
(202) 
(202) 
(27) 

silylation of the nitrogen. Both ethyldimethyl- and di-
ethylmethylchlorosilane yield the corresponding di-
silazanes when treated with ammonia (179). Dimethyl-
phenylbromosilane also gives the disilazane upon treat
ment with ammonia (180). 

The second steric transition, the preference for 
formation of the silylamine, is observed in the reaction 
of triethylchlorosilane with ammonia. In this reaction 
triethylsilylamine is the major product of the reaction 
(12, 169), the disilazane being the minor product (169). 

(C2Hj)1SiCl + NH, (C2Ht)3SiNH, 

The disilazane may be obtained by treating the silyl
amine with triethylchlorosilane at a higher temperature 
(8). Both the a- and the |8-chloroethyldiethylchloro-
silanes yield the corresponding silylamines when 
treated with ammonia (12, 184). The a-chloro isomer is 
stable, but the /3-chloro isomer undergoes /3-elimina-

tion, yielding ammonium chloride, ethylene, and other 
products (184). 

With higher trialkylchlorosilanes, only silylamines 
have been reported as products (120, 124). 

(C4Ht)1SiCl + NH, -r (CiH.)aSiNH, 

Trimethylchlorosilane (169), triethylchlorosilane (8, 
127), tripropylchlorosilane (124), and tributylchloro-
silane (120) react with primary and secondary amines 
to yield the iV-substituted silylamines. 

R8SiCl + R'NH, -* R1SiNHR' 

R8SiCl + R'NH -> R1SiNR' 

Triphenylchlorosilane reacts with ammonia to yield 
the silylamine (106), while triphenylfluorosilane with 
lithium in liquid ammonia results in the formation of 
the disilazane (45). 

(CHj)1SiCl + NH, -• (C«Hs),SiNH, 

(C4Hj)1SiF + Li/NH, -> [(CHj)1Si]2NH 
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The reaction of tri-1-naphthylfluorosilane with am
monia and lithium yields only the silylamine (44, 45), 
while the reaction of tri-p-tolylfluorosilane with am
monia and lithium gives the disilazane (45). 

Triphenylbromosilane reacts with ethylamine either 
directly or with the help of lithium to yield iV-ethyltri-
phenylsilylamine (16) and not the solvated free radical 
as originally reported (104). The reaction of triphenyl-
chlorosilane with amines proceeds with good yield if the 
size of the amine is small, but when the size is increased, 
an alkali metal salt of the amine must be used before 
reaction occurs (72). 

The use of alkali metal salts to "force" reaction may 
also be applied to syntheses of other highly hindered 
silylamines (28, 29, 44, 46, 72, 79, 202, 210) or in sys
tems where the nitrogen is not basic, such as pyrrole 
(64). 

Trialkoxychlorosilanes react with ammonia and 
amines in the same general fashion as do trialkyl- and 
triarylhalosilanes. Both trimethoxy- and triethoxychlo-
rosilanes yield the corresponding disilazanes when 
treated with ammonia (162), while triisopropoxy- (175) 
and tributoxychlorosilanes (116, 117) yield only the 
silylamines. Further increase in the size of the alkoxy 
group has no effect upon the products obtained (see 
table 3). The alkoxy groups are inert to ammonia (98). 

(CH1O)1SiCl + NHi -> [(CH8O)1Si]1NH 

(C4HjO)1SiCl + NH1 -» (C4H9O)1SiNH, 

The reactions of monohalosilylamines with amines 
present a situation in which the greater reactivity of 
the bromosilanes as compared to that of the chloro-
silanes is apparent (27, 28, 29, 30, 202). Tris(dimethyl-
amino) chlorosilane reacts with dimethylamine in a 
sealed tube at 1000C. to yield tetrakis(dimethylamino)-
silane (27). 

[(CH1)JN]8SiCl + (CH1J1NH -* [(CHOiNI4Si 

Tris(diethylamino)chlorosilane fails to react with 
diethylamine or its lithium salt (27). However, when 
the corresponding bromosilane is treated with the 
magnesium salt of diethylamine, tetrakis(diethyl-
amino)silane is obtained (29). 

[(CiHOsN]1SiBr-KCiH1)INMgBr -» [(CiHOiNhSi 

The reaction of a chlorosilane with an amino acid 
ester results in the formation of the A^-silyl acid ester 
(20, 21). 
(CHO1SiCl + NHICHICOOC8H6 -» (CHO1SiNHCH1COOCH5 

The reaction of the sodium salt of the amino acid 
results in the formation of the N- and O-silyl derivatives 
(164). With the free amino acid no reaction occurs, 
because of the dipolar form of the amino acid (90). 

(CHO1SiCl + NHiCHjCOONa -• (CHO1SiNHCHiCOOSi(CHO1 

The iV-carbophenoxyamino acids undergo decomposi

tion with trimethylchlorosilane (19), while the ^-ben
zoyl derivatives give only the O-silyl products (90). 

Amides, substituted amides; and lactams are re
ported to give iV-silyl products with trimethylchloro
silane (95), but formation of silyl isocyanate occurs 
when triphenylchlorosilane is treated with urea or 
sodium urethan (70). 

The silver salt of sulfamic acid reacts with trimethyl-
or triethylchlorosilane to yield the 0- and the N-
silylsulfamides (142). The intermediate O-silyl deriva
tive could not be isolated. 

(CHO1SiCl + AgOSOiNH, -> (CHO1SiOSOiNHSi(CHO1 

Trimethylchlorosilane reacts with acetonitrile in the 
presence of sodium to give rise to a number of products 
(153). 

Na 
(CHO1SiCl + CH1CN -» (CHOiSiCH=C=NSi(CHOi + 

(CHOiSiCH(CN)Si(CH1), + 
(CHO4Si + (CHO1SiCN + (CHO.SiCH,CN 

S. From dihabsilanes 

The reaction of a dihalosilane with ammonia or an 
amine results in the formation of a silylamine, a cyclo-
silazane, or a polysilazane depending upon the reactants 
and "the reaction conditions (see table 4). With dihalo-
silanes in which there is little hindrance, the cyclosila-
zanes and the polysilazanes predominate as the 
reaction products while, with the sterically hindered 
dihabsilanes, compounds with the diamine structure 
can be isolated. Dilution favors the formation of cyclo-
silazane over that of polysilazane. 

The reaction of a dihalosilane with ammonia may be 
visualized as proceeding according to the following 
scheme: 

RiSiCIi ™ B4Si(NH,), — RjSiNHSiR. 
1 NH, NH, 

II 

I •• 

R,SiNHSi(R),NHSiR, R R 

NH, NH, Si 
I V R NH NHR 

I \L 1/ 
I • , Si Si 

R NH R 
1 III 

Polysilaaanes RiSiNHSiR, 
I I 

NH NH 
R2SiNHSiR, 

V 
The condensation reactions might occur either by silyl
amine condensation or by reaction of the silylamine 
with a dihalosilane. Both reactions are known, and it 
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TABLE 4 

Synthesis of silicon-nitrogen compounds from dihcdosUanet 

Halofilan* 

HiSiCk. . . . 
CHtSiHCIt. 
(CHi)iSiCIt 

(CHt)(CtH1)SiCIi 
(CHt)(CHi)SiCIt 
(CtHi)iSiCU 

(CiHt)iSIClt 
((er(-CHi) (CHt) SICIt.. 
««rl-CH,),SiCU 
((«W-CH,)(CHi)8iCl,.. 
WeH-CHt)(C1IHn)SiCIt 
(CHi)tSiCU 

(CtHiCHi)iSiCli. 

(l-CioHr)tSiFt. . . 

(CHtO)iSiClt.... 

(iao-CHiO)iSiCli 

(CHtO)tSiCIt. . . 

(tert-CH.O) (CHtO)SiCIi.... 
(fcr(-CH,0)(CHiO)SiCU. . . 
««rt-CH,0) (Uo-CiH1O)SiCIi 
( M - C i E A ) (CHtO)SiCU.. . 
((JW-CH1O) (MC-CHtO)SiCb 
(lwl-CH,0)i8iCl. 

((eW-CH,iO).SiCU 
(CH«0)i8iCU 

((CHi)iNltSiClt 
[(CiHi)iNJ(CiH7)8iCli 
(Uo-CiH1NH)(CH1)SiCIi 
((.W-CHiNH)(CH7)SiCU 
[(CHi(CHt)«CH)tNJ(CiHt)SiCIt 

I I 

[CiHi(CHi)N](CiHT)SiCU 
««r(-CHtNH)i8iCU 
[CHi(CHt)»N]i8iCU 

Amine 

N H t 

N H i 

N H i 

CHiNHi 
(CHi)iNH 
C H i N H t 
CHtCHiNH 

I I 

(CtHi)iNH 
CH 1 NHi 

NHiCHiCOOCHi 
N H i 

N H i 

N H i 

(CHi) tNH 

N H i 

N H i 

N H i 

N H i 

N H i 

N H i 

CHiNHt 
CHiNHi 
C H n N H i 
C H i N H t 
CH 1 CHtNHt 
CHiCHtNH 

CHiCHCHiNH 
i i 

N H i 

C H i N H t 
N H t 

CHtCHtNH 
i I 

N H i 

N H , 

CHiNHt 
CtH1NHt 
CHiCHsNH 

i I 

CH 7 NHt 
C H i N H , 
CH 1 NHi 
N H , 

N H i 

N H i 

N H i 

N H i 

N H i 

CtHiNHi 
C H n N H i 
CHiNHi 
CHiCHiNHt 
N H i 

N H i 

(CtH.)iNH 
Uo-CH7NH1 

Uo-CiH7NHt 
Uo-CH7NHi 
Uo-CH7NH, 

Uo-CH7NH, 
W - C 1 H I N H I 

CH,(CH,)iNH 
I I 

Product 

Polysilarane 
Polysilazane 
Polysilazane 
((CHOtSiNH], 
[(CH,)iSiNH]i 
(CH,),Si(NHCHi), 
(CHi)1Si[N(CHi),], 
(CHOiSi(NHCHi)i 
(CHO,Si[NCH,CH»]i 

(CHOtSi[N(CiHi)1It 
(CHOiSi(NHCH.)t 
[(CHO1Si(NCHi)]I 
(CHOiSi(OCtHOt 
[(CHi)(CHi)SiNH]I 
[(CHi)(CHOSiNH]I 
Polysilazane 
[(CtHi)1SiNH]I 
[(CtHi)1SiNH]I 
(CHi)1Si[N(C1HOt]I 
(CtHO1Si[N(CiHOi]Cl 
[(CH.)tSiNH]i 
((ert-CHO (CH.) Si(NHOi 
((CrI-CHi)1Si(NHt), 
((eW-CHi)(CH0 Si(NHOt 
((6W-CHi)(CHOSi(NH1), 
[(CHOtSiNH]I 
(CHi)1Si(NHCHi)1 

(CHO 1Si(NHCH 1) , 
(CHOiSHNHCHiOi 
(CiHO1Si(NHCiHOi 
(CHO,Si(NHCH.CH»)i 
(CHiCHOiSi[NCH1CH,], 

I .J 

(CHiCHOiSi [NCH,CHCHi]i 

(l-C10H7),Si(NHi)i (1-C10HT)1Si(NHCHOi 
[(CHiO)iSiNHJ* 
(CHiO)iSi [NCHiCHt Jt 

KiSO-CH1O)1SiNH]I 
[(Uo-CiH1O)1Si(NHOi]1NH 
[(CH1O)1SiNH]I 
(CH9O)1Si(NHCHi)1 

(CH»0)iSi(NHCHi)i 
(CHiO)1Si[NCHiCH1]I 

(CHiO)1Si(NHCH7)I 
(CH.O)iSi(NHCH,)t 
(CHiO)iSi(NHCHOi 
((er(-CHiO) (CHiO)Si(NHt)I 
((eW-CHiO) (CH5O)Si(NHOi 
((er(-CHiO)(iso-CH70)Si(NHi)i 
((eW-CHiO) (CHiO)Si(NHi), 
((eW-CHiO) (8Bc-CHiO)Si(NHi), 
(((cW-CH,0)iSiNH]i 
[((CW-CHiO)1Si(NH,) JiNH 
((CW-CHiO)ISi(NH1)I 
((CW-CH1O)1Si(NHCHOt 
((CW-CHiO)ISi(NHCH1I)I 
((CW-CHiO)ISi(NHCHOi 
((er(-CHiO)iSi(NHCHiCiHOi 
((er(-CH110)iSi(NHi)i 
[(CHiO)iSiNHJi 
[(CHiO)iSiNHU 
[(CiHOiNJiSiCl 
[(CiHO1N](CH7)Si[NH(Uo-CHT)]I 
(iso-CiH7NH)iSiCHT 
((er(-CHiNH) (iso-CiH7NH)iSiCH7 

[(CHi(CHOiCH),N](iso-CiHTNH)Si(CHO 

ICHi(CHON](Uo-CiH7NH)iSiCiHT 
((er(-CHiNH)iSiCl 
[CHi(CHOiN ]iSiCl 

Yield 

per cent 

— 
— 
— 

36-50 
26-42 

5 8 

82 

68 

68 

65 

— 
53 

43 

— 
85 

— 
— 
— 
— 
65 

50 
80 
85 

62 

— 
70 

— 
35 

— 

100 

72 

— 

20 

80 

— 
79 

— 

— 
39 

20 

65 

62 

48 

70 

— 
— 

81-84 

— 
— 
— 
— 
7 1 

50 

50 

91 

82 

67 
78 

77 

10 
92 

—• 

Rvforenee* 

(195) 
(33) 
(83, 163) 
(33, 128, 145) 
(33, 34, 82, 145) 
(128) 
(3) 
(128) 
(91) 

(150) 
(128) 
(128) 
(21) 
(92) 
(92) 
(40) 
(33) 
(33) 
(100) 
(100) 
(186) 
(186) 
(186) 
(186) 
(186) 
(121) 
(121) 
(121) 
(121) 
(2) 
(121) 
(91) 

(91) 

(44) 
(44) 
(162) 
(91) 

(214) 
(175) 
(118) 
(118) 
(116. 118) 
(91) 

(118) 
(118) 
(99, 118) 
(138) 
(138) 
(138) 
(138) 
(138) 
(129) 
(129) 
(129, 138, 147) 
(129) 
(12;9) 
(129) 
(129) 
(138) 
(175) 
(175) 
(27, 202) 
(200) 
(200) 
(200) 
(200) 

(200) 
(30, 32, 202) 
(27) 
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is probable that they occur simultaneously. 
With dichlorosilane (195) and with methylchloro-

silane (33) only polysilazanes have been obtained. 
Higher monoalkyl- or monoaryldichlorosilanes have 
not been reported. 

With dimethyldichlorosilane, cyclization to hexa-
methylcyclotrisilazane (III: R = CH3) and octamethyl-
cyclotetrasilazane (V: R = CHj) is the predominant 
reaction if a solvent is used (33, 34, 128, 145). The 
cyclotrisilazane is the main product (145). Condensa
tion to polysilazanes is observed when no solvent is 
employed (163). No compounds corresponding to II or 
IV have been reported. 

Cyclotrisilazanes are the only products reported for 
the treatment of ethylmethyldichlorosilane and 
methylphenyldichlorosilane with ammonia (92). How
ever, with diethyldichlorosilane both the cyclotetra-
silazane (V: R = CaH6) and the cyclotrisilazane (IV: 
R = C2H5) have been obtained, with the latter com
pound being produced in higher yield (33). Dibutyl-
dichlorosilane yielded only the cyclotrisilazane (186). 

As observed in the reactions of the monohalosilanes, 
there is a tendency in the dihalosilane series for the 
formation of multiple silicon-nitrogen bonds. This 
tendency decreases with increasing hindrance of the 
system. If the size of at least one of the groups attached 
to the silicon is increased to tert-butyl, the condensation 
reactions are blocked and the silanediamine may be 
isolated in good yield (186). 

«er(-C,H,)2SiClj + NH, -> (tert-C4Hs),Si(NH,), 

Methyl-, phenyl-, and hexadecyl-feri-butyldichlorosi-
lanes give stable silanediamines on treatment with 
ammonia (186). Also, di-1-naphthyldifluorosilane can 
be converted to a stable silanediamine (44). 

Diphenyldichlorosilane yields the cyclotrisilazane 
when treated with ammonia (121) and there is some 
evidence for the formation of tetraphenyldiaminodisi-
lazane (II: R = C6H6) (121). 

(CH6),SiCl, + NH, - [(CHj)8SiNH], 

The dialkoxydichlorosilanes react with ammonia 
in the same general manner as do the dialkyl- and the 
diaryldichlorosilanes. Dimethoxy- (162), diisopropoxy-
(175, 214), dibutoxy- (116), and di-ter<-butoxydichloro-
silanes (129) yield the corresponding cyclotrisilazanes 
upon treatment with ammonia. Dimethoxydichloro-
silane was first reported to yield the imide, (CH30)j-
S i=NH (162); however, this has been discounted by 
Larsson, who has suggested that the compound is a 
cyclosilazane (129). 

The diisopropoxydichlorosilane with ammonia yields, 
besides the cyclotrisilazane, the diaminodisilazane (II: 
R = iso-CjH70) (129). The latter compound may be 
converted to the cyclotrisilazane (175, 214) and to 
the cyclotetrasilazane (175) by heating. 

The product obtained from the reaction of di-tert-
butoxydichlorosilane and ammonia depends upon re
action conditions. Cyclotrisilazane is synthesized by 
bubbling ammonia through a refluxing solution of the 
dichlorosilane in carbon tetrachloride (129). However, 
if the dichlorosilane is added to liquid ammonia, 
both di-ten'-butoxydiaminodisilazane (129, 138) and 
tetra-ter<-butoxydiaminodisilazane (II: R = tert-CJi^O) 
are obtained. 

As in the case of the tert-butyl group, the presence 
of at least one teri-alkoxy group on the silicon allows 
the isolation of stable silanediamines (138). Specific 
examples are found in table 4. It is interesting to 
compare the yields of teri-butoxymethoxysilanedia-
mine (20 per cent), ieri-butoxyethoxysilanediamine 
(65 per cent), and tert-butylmethylsilanediamine (65 
per cent). When compared to the higher yield of tert-
butylmethylsilanediamine, the increase in yield pro
ceeding from tert'-butoxymethoxysilanediamine to tert-
butoxyethoxysilanediamine suggests that the tert-
butoxy group requires "steric assistance" from some 
other group attached to the silicon. Further evidence 
for this observation is provided by the fact that di-
<er<-butoxysilanediamine condenses to yield the cyclo
trisilazane (68), while di-feri-butylsilanediamine does 
not (186). 

The action of an amine upon a dihalosilane usually 
results in the formation of a bis(iV-substituted amino) 
silane. However, there is one reported case in which 
cyclization occurred. Dimethyldichlorosilane when 
heated with aniline in carbon tetrachloride yields hexa-
methyltri(Af-phenyl)cyclotrisilazane in 65 per cent 
yield (128). The dimethylbis(phenylamino)silane was 
also obtained when less strenuous conditions were 
employed (128). 

(CHj)2SiCl, + C6H6NHj -> [(CHj)2SiNC6II6I, 

When the size of the groups around the silicon is 
fairly large, reaction may still occur (44). If both the 

(1-C10H7)SSiF, + CH1NH, -+ (1-C10H7)HSi(NHCH6), 

amino group and the silicon atom have intermediate 
hindrance, proper adjustment of the molar ratios of 
reactants may allow isolation of the chlorosilylamines 
(30, 32, 200, 202). 

(C2H6)2SiCl, + (CH6),NH -• (CH6),[(CH6),N]SiCl 

When both reactants are very hindered, such as in the 
case of tri(ter<-butylamine)chlorosilane and tert-butyl-
amine, the reaction fails (30). 

Evaluation or study of the steric hindrance trends 
in these silylamines must include the consideration of 
the reactivity of the halosilane. Although information 
is available to demonstrate the greater reactivity of the 
bromosilanes over the chlorosilanes (202), evaluation 
of the relative importance of (a) hindrance around the 
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silicon atom, (b) increasing size of the amine molecule, 
and (c) variation of the halogen is not possible on the 
basis of present knowledge. 

3. From trihalosilanes 

The reaction of a trihalosilane with ammonia results 
in the formation of polysilazanes. There is one reported 
case of a silanetriamine being formed (101), but the 
assignments of structure are doubtful. In one case 
where a triamine might be expected, the reaction of 1-
naphthyltrifluorosilane with ammonia, only polymeric 
material was obtained (44). The evidence, of course, 
does not prove that silanetriamines cannot be synthe
sized, since no investigation has been directed toward 
preparation of such compounds. As in the case of the 
silanetriols, one would expect that these compounds 
would be very reactive and would require special tech
niques for isolation. 

The polysilazanes obtained from the reaction of am
monia with trihalosilanes (as well as those obtained from 
the reaction with dihalosilanes) have found commercial 
use as water repellents, anti-foaming agents, and silicone 
resin modifiers (15, 34, 40, 41, 42, 43, 77, 83, 94, 100, 
146, 163, 190). No cyclic products have been reported 
from the reaction of a trihalosilane with ammonia or 
an amine. 

With both primary and secondary amines, reaction 
proceeds with the stepwise replacement of the halogens 

RSiCIi + R^NH -> RSiCl8NR; 

RSiCl1NR; + RiNH -» RSiCl(NR;), 

RSiCl(NR;), + RiNH -> RSi(NR;), 

and may result in the formation of the tri(iV-substi-
tuted)silanetriamine. The intermediate halosilylamines 
may be obtained by varying the molar ratios of the 
reactants. As with the dihalosilanes, the yield of the 
silylamine is influenced both by the halogen used and 
by the hindrance of the amine. In this series, however, 
the influence of the one remaining alkyl group attached 
to the silicon is minimized (for specific examples, see 
table 5). 

4. From tetrahalosilanes and higher halosilanes 

The reaction of ammonia and silicon tetrachloride 
yields a heterogeneous polymeric material of the general 
formula (SiNH)1 (17, 25, 76, 111, 173, 221). There is no 
general agreement as to its composition, probably be
cause of the variety of reaction conditions employed. 
Pyrolysis of this polysilazane results in the formation of 
pure a-silicon nitride (a-Si2Ns) (75). Silicon nitride may 
also be obtained by reaction of nitrogen or ammonia 
with silicon metal at 1350-14500C. (18, 75). Here, 
however, both the a- and the ^-silicon nitrides are 
formed, with the a-form being favored at the lower 
reaction temperatures (75). From a gaseous, high-
temperature (8250C.) reaction of ammonia and silicon 

tetrachloride, hexachlorodisilazane was isolated along 
with other silicon-nitrogen products of a polymeric 
nature (173). When a glow discharge is used, silicon 
tetrachloride and nitrogen yield tris(trichlorosilyl)-
amine (148). 

Amines react with tetrahalosilanes to give stepwise 
substitution, each halogen being replaced with greater 
difficulty (30, 32). The reported reactions of the higher 
halosilanes with ammonia and amines are summarized 
in table 6. 

B. SYNTHESIS FROM COMPOUNDS CONTAINING 

A SILICON-HYDROGEN BOND 

The synthesis of a silylamine from a compound 
containing a silicon-hydrogen bond generally requires 
the use of a highly nucleophilic reagent, such as the 
alkali metal salt of either ammonia or an amine. 
Triethylsilane reacts with lithium, sodium, or potassium 
metal in liquid ammonia to yield both the silylamine 
and the disilazane (53, 105). 

(C2Hs)3SiH + Li + NH, -> (C2Hj)1SiNH, + [(CH,)iSi)jNH 

The percentages of the two products formed in this 
reaction are markedly influenced by the metal used. 
Using sodium, 46 per cent of the silylamine is produced; 
with potassium, 66 per cent of the disilazane is formed; 
while the use of lithium gives 34 per cent of the silyl
amine and 51 per cent of the disilazane (53). 

Triethylsilane gives no reaction with ammonia at 
800C. in a sealed tube (53), while, with potassium amide 
and ammonia, the potassium salt of the disilazane 
can be isolated (105). 

Triphenylsilane with sodium in liquid ammonia yields 
the disilazane (154). 

(CHs)3SiH + Na + NH, -* [(C,H4)«Si],NH 

The alkali metal salts of both primary and secondary 
amines react with silanes to give the .TV-substituted 
silylamines. 

(C6H6)8SiH + LiNHR -» (C,H,),SiNHR 

Both lithium (71) and potassium (53) salts of amines 
have been employed in this reaction. The lithium salts 
of carbazole, N-methylaniline, diphenylamine, and 2,5-
dimethylpyrrole, however, fail to react with triphenyl
silane (71). 

When treated with primary and secondary amines in 
the presence of chloroplatinic acid, compounds con
taining a silicon-hydrogen bond have been reported 
to yield silylamines (167). 

C. SYNTHESIS BY THE SILYLAMINE-AMINE 

EXCHANGE REACTION 

The silylamine-amine exchange reaction has been 
widely utilized for the preparation of silylamines. 
I t would appear that the success of this reaction is due 
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TABLE 5 

Synthesis of silicon-nitrogen compounds from trihalosilanes 

HalotUane 

CiHiSiCIi 

CiHiSiBn 

CiHiBiIi 
CuHnSiCU 
1-CnH1SiFi 

CiHiOSiCIi 

(CiHOiNSiCli 

CHi(CHOiNSiCIi 
i i 

Amine 

N H i 

( C I H I ) I N H 

HrI-CiHiNH1 

C I H I N H I 
C I H I N K 

N H I 

( C H I ) I N H 

(CH.)iNH 
lerl-CH.NHi 
N H I C H I C O O C I H I 
N H i 

( C I H I ) I N H 
ferf-CiH.NHi 
CiHiNHi 
CH1NHi 
(CHi)iNH 
CiHiNHi 
(CiHi)iNH 

CiH7NH. 
IsO-CH7NH1 

CiH.NHi 
iso-CiH.NHi 
MC-CiHiNHi 
IeW-CHiNH1 

CHuNHi 
CHi(CHOiNH 

I I 

CiHiNHi 
CiHi(CHi)NH 

(CiHi)iNH 
(iso-CiHOiNH 
CiHi(CHi)NH 
lerl-CHiNHi 
(CtHi)iNH 
N H i 

C I H I N H I 
N H i 
CHiNH1 

CHiNHi 
CH7NHi 
CiH8NHi 
CiHiNHi 
CHiCH1NH 

i i 

CH1(CHO1NH 
1 I 

Product 

Polysilazane 
HSi[N(C1Hi)IIiCl 
HSi[NH(terl-CHO]iCl 
HSi(NHCiHOi 
Si[NCiHi)I 

l_l 
HSi[NCiHiIi 

U 
Polysilazane 
CHiSi(N(CHi)1Ji 
CHiSi [N(CIHI)I]IC1 
CHiSi[NH(l«rl-CiHi)]iCl 
CHiSi(OCiHi)I 
Polysilazane 
CiHiSi[N(C1Hi)I]1Cl 
C1HiSi [NH(IeH-CiHi) I1Cl 
C1HiSi(NHCiHi)I 
CiHiSi(NHCHOi 
CiH7Si[N(CHOiJi 
CiH7Si[NHCiHi]I 
CiH7Si[N(CiHi)I]1Cl 
CiH7Si[N(CiH.)iICli 
CiH7Si(NHCiH7)I 
CH7Si[NH(i«o-CHr))i 
CiH7Si [NH(iso-CiH7) ]Cli 
CiH7Si(NHCiHOi 
CiH7Si [NH(iso-CiHi)]i 
CiH7Si [NHfsec-CiHOJi 
CH7Si [NH(lerl-CHO]iCt 
CiH7Si|NH((erl-CHi)]Cli 
CiH7Si(NHCHu)I 
CH7Si[N(CHi)iCH,]i 

CH7Si(NHCHOi 
CiH7Si[N(CHi)CHi]I 
CH7Si[N(CHi)CHi]Cl1 

CH1Si[N(C1Hi)1)I 
CH7Si [N(iso-CiH7)i]Bn 
CiH7Si[N(CHOCHiIiBr 
CH7Si [ N H ( W - C I H I ) I I 
Ci.H«Si[N(CiHi)i)i 
Polysilazane 
l-CmH7Si(NHCHi)i 
Polysilazane 
CH9OSi(NHCHOi 
CHiOSi(NHCHOi 
CHiOSi(NHCHOi 
CH1OSi(NHCHOi 
CHiOSi(NHCHOi 
(CHOiNSi[NCH1CHiIi 

[CHj(CHOiN]1SiCIi 
i I 

Yield 

j w cent 

— 
— 
— 
— 

— 

83 

— 
— 
— 
95 

— 
72 

88 

74 

93 
73 
72 

90 

86 

53 
77 

81 
68 
81 
67 
77 
68 

85 
36 
11 

SO 

68 
30 

85 

100 
_ „ 

51 

— 
— 
— 
— 

— 

Reference! 

(166) 
(202) 
(202) 
(165) 
(167) 

(157) 

(92) 
(3) 
(202) 
(202) 
(21) 
(41) 
(202) 
(202) 
(2) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 

(200) 
(200) 
(200) 
(202) 
(202) 
(202) 
(202) 
(100) 
(44) 
(44) 
(116) 
(119) 
(116, 119) 
(119) 
(119) 
(119) 
(91) 

(27) 

to the fact that an equilibrium exists between amines 
and silylamines. The success of the reaction also re
quires that either ammonia or a volatile amine be pro
duced. 

R8SiNHR' + R'NH, ?± R1SiNHR' + R'NH2 

The exchange reaction is acid catalyzed, with both 
ammonium salts (115, 201) and trimethylchlorosilane 
(112) having been recommended as catalysts. The func
tion of the catalyst has been postulated as that of fur
nishing a proton to the nitrogen of the silylamine, with 
the protonated intermediate then undergoing nucleo-
philic attack by the amine (112, 201). 

The nitrogen of the starting silylamines studied in this 
reaction has been unsubstituted (22, 23, 120, 122, 

124), substituted with a methyl group (120, 201) or, 
more commonly, with an ethyl group (117, 118, 126, 
128, 201). Higher alkyl groups, such as propyl (124) or 
tert-hutyl (50), have also been used but have not been 
extensively studied. Silanediamines and silanetriamines 
with N-methyl and iV-ethyl substitution give good 
yields in the exchange reaction (118, 119, 201). 

Hexaphenylcyclotrisilazane reacts with aniline to 
give the iV-phenylsilylamine (121). Hexamethyldisila-
zane has been studied more extensively and undergoes 
reaction with a variety of amines (13, 14, 23, 63, 
64, 112, 139, 193). 

[(CH,),Si]aNH + 2RNH, -* 2(CH,),SiNHR + NH, 

The success of the exchange reaction requires that 
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TABLE 6 

Synthesis of silicon-nitrogen compounds from ietrahalosilanes and higher halosilanes 

HklosUura 

SiCh 

(CUSi)i 

Amine 

N H t 

(CH1J1NH 

C H i N H i 
( C I H I ) I N H 

(iso-CHr)iNH 

IeH-C1HiNHi 

(1SO-CHi)1NH 
CHi(CHi)1NH 

i I 

C4H4NK 
I 1 

CHi(CiHi)NH 

C H i N H i 

0-CHiCH(NHi 

P-CHiCH4NHi 
1 - C O H T N H 1 

2 - C O H T N H I 

N H I C H I C O O C I H I 

N H I 

NHi 
(CiHs)tNH 
N H i 

Product 

Polysilazane 

[(CHi)1NJ(Si 
[(CHi)1N]ISiCl 
[(CHi)1N]1SiCIi 
CHiNHSiCIi 
[(CiH(JiN]1SiCIi 
(CH.JiNSiCli 
[(UO-CHT)1NIiSiCIi 
(!SO-CHr)1NSiCIi 
(erl-CHiNHSiCli 
((6W-C(HiNH)1SiCl1 

(IsO-C(Hi)1NSiCIi 
CHi(CH1)(NSiCIi 
1 1 

[C1H(N](Si 
I I 

[CHi(CiH1)N)ISiOIi 
CHi(CHi)NSiCIi 
(CH8NH)(Si 
(CHsNH)1SiCl1 

(0-CHiCH(NH)(Si 
( 0 - C H I C H ( N H ) 1 S I C I I 

(P-CHiCH(NH)(Si 
(1-CoHiNH)(Si 
(1-CHTNH)1SiCl1 

(2-CoHTNH)(Si 
(2-CoHTNH)iSiCli 
(CHiO)1Si 
Polysilazane 
Polysilazane 
{[(CHOiN ]iSi J iO 
Polysilazane 

Yield 

l»r cent 

— 

87 

— 
— 
— 
— 
— 

25 

4 8 

— 
— 
— 

4 . 6 

62 

67 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

76 

— 

Reference* 

(17, 18, 26, 76, 111, 
173, 196, 221) 

(3) 

(27, 38) 
(38) 
(131) 
(27) 
(27) 
(31) 
(31) 
(30, 32) 
(30, 32) 
(131) 
(27) 

(64, 166) 

(31) 
(31) 
(155) 
(85, 86) 
(155) 
(85, 86) 
(155) 
(156) 
(85) 
(155) 
(85) 
(21) 
(18) 
(172) 
(3) 

(174) 

the attacking amine be less volatile than the one it 
replaces. Primary amines have been most extensively 
studied (see table 8); however, recent work has shown 
that secondary amines also undergo reaction in good 
yield (63). 

The exchange reaction has also been used with hetero
cyclic compounds which contain an N—H function (22, 

63, 64) and with organic (51) and inorganic amides (13, 
14, 142). 

D. SYNTHESIS BY MISCELLANEOUS METHODS 

1. By basic cleavage 

Sodium amide cleaves chloromethyltrimethylsilane 

TABLE 7 

Synthesis of silicon-nitrogen compounds from compounds containing a silicon-hydrogen bond 

Silano 

(CHOiSiH 

(CHi)iSiH 

Amine 

C H i N K 

1 — 1 

NHi/Li 

NHi/Na 

NHi /K 
C1HiNH1ZK or Li 
(CHiJ iNH/K 
CHiNHiZK 
iso-CHiNHi/K 
( I S O - C H T ) 1 N H Z K 

KrJ-CHiNH1ZK 
( C I H I ) I N H Z K 
C H I C ( C H I ) I N H I 

C H i N H 1 

(CiHiJiSiNHi 
NHiZNa 
(CHi)1NLi 
(CHiJiNLi 
(CHi)1NLi 

Product 

HSi[NCH(Ii 
U 

Si[NCHi]* 
U 

(CH6JiSiNHi 
[(CHiJiSi]1NH 
(C1HiJiSiNHi 
[(C1HiJiSi]1NH 
[(CHiJiSi]1NH 
(CHiJiSi N H C H i 
(CHi) ,SiN(CHi)i 
(CiHi) I S I N H C H T 
(CiHi)ISiNH(IsO-CHT) 
(CHi)iSiN(iso-CHTJi 
(CHi)iSiNH((er(-C*Hi) 
(CHi)iSiN(CH.Ji 
(CHiJiSiNHC(CHi)iCHi 
(CiHi) iSiNHCiHi 
[(CHi)ISiJ1NH 
[(CtHi) iSiJiNH 
(CHi)iSiN(CHi)« 
(CiHi)1SiN(CHiJi 
(CHi) iSiN(CHi)! 

Yield 

per tent 

— 

34 

S l 

46 

66 

91 

— 
— 
— 
— 
— 
— 
— 
— 
— 
__ 
74 

74 

63 

References 

(157) 

(157) 

(53) 
(53) 
(63) 
(63) 
(53, 105) 
(53, 105) 
(53) 
(53) 
(53) 
(63) 
(53) 
(53) 
(63) 
(53) 
(53) 
(154) 
(71) 
(71) 
(71) 



372 KALPH FESSENDEN AND JOAN SEARING PESSENDEN 

TABLE 8 

Synthesis of silicon-nitrogen compounds by the silylamine-amine exchange reaction 

Silylamine 

(CH1)ISiNHCHi. 

(CHi) iSiNH««r<-CHi). 

(CHOiSiNHi. 

(CiHi)iSiNHCiHi 

(CiHOiSiNHi 

(CiHOiSiNHCiHT 
(CHi)iSiNHi 
(CHOiSiNHCHi 
(C Hi)iSi( NHCiHi) i 

(CHi)iSi[NH«erl-CHO]i 
(CiHiO)ISi(NHCiHi)I... 
CiHtSi(NHCHOi 

CiH1Si(NHCiHOi 

CiH,OSi(NHCiHi)i 
[(CHOiSi )iNH 

[(CiHOiSiNHIi 

Amine 

NH1SO1NH1 
C I H I S O I N H I 
( C I H I O ) I P ( 0 ) N H I 
( C I H . O ) P ( 0 ) ( N H I ) I 
N H I C O N H . 
C H 1 = C H O ( C H I ) I N H I 
C H I = C H O ( C H I ) 1 N H C H I 
C I H I N H 1 

CIHIINHI 
CTHHNHI 
C H I ( C H « ) I C H N H I 

J 
C H I N H 1 

0-CH1CiHiNHt 
P - C H I C I H I N H 1 

C I H 1 C H 1 N H I 
2-Arainothiazole 
Uric acid 
( C H O 1 C H C H I C H ( N H I ) C O O H 
C I H U N H 1 

CHiiNHt 
C I H 1 C H 1 N H I 
C I H I C H 1 C H I N H 1 

C I H I C H ( C H I ) N H 1 

C I H I N H 1 

CIHICH1NH1 

CIHICH1CHINH1 

CIHICH1NHI 
CIHINH1 

C I H I C H 1 N H 1 

CTHUNH 1 

C I H I C H 1 N H 1 

C H 1 = C H O ( C H O I N H I 
C I H I C H 1 N H 1 

C I H I N H I 
CiHuNH1 

C I H I N H I 
C I H U N H 1 

CiHuNH1 

C H I ( C H O I C H N H I 

C H I C H 1 N H 1 

CHiCH1NH1 

CHi=CHCH1NH1 

C H I N H I 
CiHuNH, 
CHiNH1 

CHiNH 

CHiCH1NH1 

CHiCH1CH1NH1 

NH1CH1COOH 
N H 1 C H ( C H I ) C O O H 
NH1CH [ C H ( C H I ) 1 ] C O O H 
NH1CH [ C H 1 C H ( C H I ) 1 ] C O O H 
N H 1 S O I N H 1 

C H I S O 1 N H 1 

( C H I O ) 1 P ( O ) N H I 

( C H I O ) P ( O ) ( N H O I 
CHiNHi 

Product 

[(CHOiSiNH]1SO1 

CHiSO1NHSi(CHOi 
(CHiO)1P(O)NHSi(CHOi 
(CHiO)P(O) [NHSi(CHi)i]i 
(CHOiSiNHCONHi 
(CHOiSiNH(CHO1OCH=CHi 
(CHO1SiN(CHO(CHO1OCH=CH1 

(CHOiSiNHCHi 
(CHOiSiNHCHiI 
(CtHOiSiNHCHn 
(C1Hi)ISiNHCH(CHOiCH1 

(CHO1SiNHCHi 
(C1Hi) .SiNH(CHiCHi-O) 
(CHOiSiNH(CH1CHi-P) 
(CHOiSiNHCH1CHi 
2-(CiH0tSiNH-thiaiole 
Tetrakis(triethylsiIyl)urio acid 
(C1Hi)ISiNH[CHCH1CH(CHi)1]COOSi(C1Hi)I 
(CHOiSiNHCHii 
(CiHOiSiNHCiHn 
(CHOiSiNHCHiCHi 
(C1HOiSiNHCH1CH1CHi 
(C1HOiSiNHCH(CHOCHi 
(CH7)ISiNHCHi 
(CiHr)iSiNHCH,CiHi 
(CHT)1SiNHCH1CH1CHi 
(CHT)ISiNHCH1CHi 
(CHOiSiNHCHi 
(CHOiSiNHCHiCHi 
(CHOiSi(NHCTHiO1 

(CHO1Si(NHCH1CiHi)1 

(CHO1Si[NH(CHO1OCH=CH1Ii 
(CHiO)1Si(NHCH1CHi)1 

CiHiSi(NHCHOi 
CHTSi(NHCiHu)I 
CiH1Si(NHCiHi)I 
CiHTSi(NHCiHi1), 
CHTSi(NHCHu)I 
CHTSi[NHCH(CHOiCH1]I 

CHTSi(NHCH1CiHO, 
CH1OSi(NHCH1CHi) i 
(CHOiSiNHCH1CH=CH1 

(CHOiSiNHCH, 
(CHOiSiNHCHn 

(CHOiSiNHCHi 
(CHOsSi[NCH4] 

U 

(CHOiSiNHCH1CHi 
(CHOiSiNHCH1CHi 
(CHOiSiNHCH1COOSi(CHOi 
(CH1) ,SiNHCH(CHOCOOSi(CHOi 
(CHOiSiNHCH[CH(CHOi]COOSi(CHOi 
(CHOiSiNHCH[CH1CH(CHOi]COOSi(CHOi 
((CHOiSiNH)1SO1 

(CHOiSiNHSO1CHi 
(CHO1SiNHP(O)(OCHOi 
[(CHO ,SiNH]1P(O) (OCH,) 
(CHO1Si(NHCHi)1 

Yield 

per cent 

85-90 
85 

85-90 
85 

— 
— 
— 
72 
83 
95 
72 

(13) 
(13) 
(13) 
(14) 
(51) 
(50) 
(50) 
(122) 
(122) 
(122) 
(122) 

61 

52 

90 
47 

75 
80 
87 
81 

66 
84 

71 
70 

65-71 
78 
30 
75 
83 

77 
67 

43 
51 

51-64 

65 
67 
77 
82 
85 
70 
93 

75-85 
70 

(apparently with rearrangement) to yield iV-methyltri-
methylsilylamine, which in turn undergoes condensa
tion to iV-methylhexamethyldisilazane during isola
tion (143). If (a-chlorobenzyl)trimethylsilane is treated 
with sodium amide in liquid ammonia, hexamethyl-
disilazane and stilbene are obtained (88). 

(CH,),SiCH,Cl + NaNH, (CH,),SiNHCH, 

(CH,),SiCH(Cl)CH, + NaNH, -• 
[(CH,),Si],NH + CH8CH=CHOH. 

Both tetraphenyl- and tetrabenzylsilane undergo 
complete degradation with potassium amide (84), 
while trimethylphenylsilane and benzyltrimethylsilane 
yield the disilazane (87). 

(CH,),SiCH,OH6 + KNH, -* [(CH,),Si],NH + C.H.CH, 

Not only are certain silicon-carbon bonds susceptible 
to cleavage by strong base, but hexamethyldisiloxane 
also undergoes reaction with sodium amide to yield 
the disilazane (97). 
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(CH,)»SiOSi(CH,), + NaNH, -» [(CHi)1SiJiNH + (CH,),SiONa 

2. From organosilylmetallic compounds 

The reaction of organosilylmetallic compounds with 
amines has been reviewed elsewhere (219). In general, 
triphenylsilyllithium reacts with primary and secondary 
amines to give excellent yields of the corresponding 
silylamines (219). 

(C.H,,)3SiLi + R2NH -+ [(CH6)I1SiH + R2NLiJ -+ 
(CeHOiSiNR, + LiH 

It appears that the first step is simple metallation of the 
amine and that the second step is similar to that ob
served in the formation of the silylamines from com
pounds containing a silicon-hydrogen bond. 

Triphenylsilylpotassium also adds to benzophenone 
anil to yield the corresponding silylamine (218). 

HiO 
(C,H,),SiK + (C8He)2C=NCeH6 —• 

(C,H6),SiN(C6H6)CH(C,H6), 

S. From silanols 

One reaction in which a silylamine was obtained from 
the reaction of a silanol and an amine has been reported: 
the reaction of tris(p-dimethylaminophenyl)silanol 
with dibutylamine (71). 

[p-(CH,),NC^H4],SiOH + (C1He)2NH -» 
[p-(CH,)2NCeH(]»SiN(C,H,)2 + H2O 

Triphenylsilanol with amines yields only the cor
responding disiloxane, but there is some evidence that 
the silylamine exists in transition (71). 

4- From silane salts 

Trimethylsilyl sulfate yields hexamethyldisilazane 
in 71 per cent yield when treated with ammonia (185). 
Other silyl salts have not been studied. 

[(CHi)ISi]8SO4 + 3NH, -» [(CHi)8Si]2NH + (NHO2SO4 

5. From silicon disulfide 

Silicon disulfide (SiS2) is reported to react with both 
primary and secondary amines at high temperature to 
yield polysilazanes along with unseparatable polysul-
fides (130). 

6. From tertiary amines 

Both dimethyl- and diethylaniline have been re
ported to react with silicon tetrabromide at 18O0C. 
with cleavage of the carbon-nitrogen bond (26). 

CeH6N(CH,), + SiBr4 -» C5H6N(CH1)SiBr, + CH3Br 

IV. REACTIONS OF SILICON-NITROGEN COMPOUNDS 

A. REACTIONS WITH WATER 

Silicon-nitrogen compounds react with water, result
ing in the cleavage of the silicon-nitrogen bond. The hy-
drolytic reaction seems to be affected both by the sol

vent system used and by the pH of the solution. Some 
studies have used homogeneous conditions (aqueous ace
tone, methanol, or ethanol as solvent), while others have 
employed heterogeneous conditions (usually ether-
water). These variations in reaction conditions make 
correlation difficult. Changes in reactivity are often 
masked by the choice of reaction conditions. No single 
study has been directed toward the elucidation of the 
major factors affecting the hydrolysis of silylamines. 

The first step of the hydrolysis is the formation of a 
silanol. Depending upon its stability and upon the 
reaction conditions, the silanol may either be isolated 
or undergo condensation with a silanol or silylamine 
to yield the disiloxane. 

R3SiNH2 + H2O -> R3SiOH + NH, 

2R3SiOH -+ R3SiOSiR, + H,0 

R3SiOH + R3SiNH, - • R3SiOSiR3 + NH, 

Partial hydrolysis of a silanediamine or silanetriamine 
has not been reported. 

The use of dilute mineral acid greatly facilitates the 
hydrolysis of silylamines in either heterogeneous (99, 
178, 179, 180, 181) or homogeneous media (46, 218). 
The acid functions as a neutralizing agent for the am
monia or amine released by the hydrolysis and prob
ably also serves as a catalyst. Compounds containing a 
silicon-hydrogen bond must be hydrolyzed under mild 
acidic conditions to prevent the cleavage of the silicon-
hydrogen bond (178). Base has been reported both to 
retard (79, 99, 154, 169) and to accelerate (78, 99, 157) 
the hydrolysis of silicon-nitrogen compounds. 

The degree to which the hydrolysis of silicon-nitrogen 
compounds proceeds is also influenced by the degree of 
hindrance around the silicon-nitrogen bond. With 
increasing hindrance there is a decreasing tendency 
towards hydrolysis. Exposure to air is sufficient for 
the hydrolysis of iV-substituted trimethylsilylamines 
(145). Triethyl-iV-methylsilylamine, triethyl-A^iV-di-
methylsilylamine, and iV-ethyltriethylsilylamine under
go heterogeneous hydrolysis (8); however, iV,Vv"-diethyl-
triethylsilylamine requires the use of homogeneous 
conditions if hydrolysis is to proceed (8). The N-
alkyltributylsilylamines also hydrolyze slowly unless 
homogeneous conditions are employed (120). The 
hydrolysis of di-teri-butylsilanediamine requires homo
geneous acidic conditions (the product being the silane-
diol) (186), while di-tert-butoxysilanediamine reacts 
with ice water (138). Other alkoxysilylamines react in a 
manner similar to that of their alkyl analogs (77, 78, 
99, 162). 

The disilazanes undergo hydrolytic cleavage as do 
the silylamines (105, 145, 154, 169, 179, 180, 181). 
Tris (trimethylsilyl) amine (79) and hexaphenylcyclo-
trisilazane (121) are not readily cleaved even under 
acidic homogeneous conditions. 
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The iV-silyl inorganic amides (13, 14) and the N-silyl 
amino acid esters (20, 164) are readily susceptible to 
hydrolysis. 

B. REACTIONS WITH ALCOHOLS, PHENOLS, 

AND SILANOLS 

Silylamines react with alcohols, phenols, and silanols 
to form alkoxysilanes, phenoxysilanes, and disiloxanes, 
respectively (see table 9). The extent and rate of reac
tion are dependent on (a) hindrance around both the 
silicon-nitrogen bond and the hydroxyl group of the 
alcohol or silanol and (6) the acidity of the attacking 
alcohol (149, 150). The alcoholysis is catalyzed by acid 
(64, 112, 149, 159). The addition of base may increase 

R4SiNH, + R'OH -+ R8SiOR' + NH8 

R8SiNH, + R^SiOH -» R8SiOSiR, + NH8 

(149, 150), decrease (112), or have no effect on (149) the 
rate of reaction. If the reaction is run in aqueous alcohol 
the silanol is the predominant product (46, 120, 169, 
186). 

As the substituents on the silicon are increased in size 
from methyl to butyl, a decrease in the rate of reaction 
with a given silanol is observed (149). Substituents on 
the nitrogen of the silylamine do not substantially affect 
the yield of alkoxysilane or disiloxane, although they 
do influence the rate of reaction. In comparing the 
reaction rates of .TV-substituted silylamines with a given 
silanol, Pike has observed that the iV,.W-dialkylsilyl-
amines condense at a faster rate than do the NH-
alky!silylamines (149). Thus, the hindrance around the 
nitrogen appears to play a minor role in this reaction. 

The comparative reactivity of different alcohols 
toward silylamines is demonstrated by the alcoholysis 
of di-<ert-butoxysilanediamine. 

(fer*-C4H,0),Si(NH,)} + ROH -+ 
(<erf-C4H,0),(RO)SiNH, + NH, 

(*er<-C4H,OMRO)SiNH, + ROH -> 
(^rMD4H1O)2Si(OR), + NH8 

With methanol, two moles of ammonia are liberated at 
room temperature, while with other primary and second
ary alcohols, the first mole of ammonia is liberated at 
room temperature and the second only upon warming. 
Tertiary alcohols, on the other hand, react slowly with 
the first amino group and not at all with the second 
(138). With a less hindered silylamine, triphenylsilanol 
has been observed to undergo condensation at a faster 
rate than does triphenylcarbinol (150). 

Hexamethyldisilazane reacts with a variety of alco
hols and phenols to yield the alkoxytrimethylsilanes 
or the trimethylphenoxysilanes (6, 13, 112, 114, 189, 
191). The reaction is sluggish with aliphatic alcohols 
unless an acid catalyst is employed (112). 

[(CH1J8Si]1NH + 2ROH -» 2ROSi(CH8), + NH1 

The reaction of a silylamine with hydroxysilicones 
offers an alternate route for the modification of silicone 
polymers (150). 

C. REACTIONS WITH HYDROGEN SULFIDE AND THIOLS 

Silylamines and disilazanes are far less reactive 
toward hydrogen sulfide and thiols than toward water 
and alcohols. Triethylsilylamine, tripropylsilylamine, 
and triethyl-iV-(2-phenylethyl) silylamine react with hy
drogen sulfide to yield the silyl disulfide and a small 
amount of silylthiol (123, 125). 

(C1Hs)8SiNH, + H,S - • [(C1Hi)ISiS], + (CA)8SiSH 

Hexamethyldisilazane reacts with hydrogen sulfide 
with difficulty and trimethyl-Af-phenylsilylamine gives 
only 14 per cent of the trimethylsilylthiol (123). Bis-
(methylamino)dimethylsilane and hydrogen sulfide (in 
a 1:1 molar ratio) yield the silylaminethiol (125). 

(CH8),Si(NHCH8), + H,S -* 
(CH8),Si(SH)(NHCH8) + CH8NH, 

With thiols, silylamines react to yield the iS-substi-
tuted silylthiols; however, only a few cases have been 
reported. Tripropylsilylamine reacts with phenylthiol 
(125). Hexamethyldisilazane reacts with allylthiol 
(191), but fails to react with butylthiol (112). 

(C8H,).SiNH, + C4H8SH -+ (C8H,)8SiSC,Hs + NH8 

D. REACTIONS WITH ACIDS 

1. With inorganic acids and their derivatives 

The action of hydrogen halides on the silicon-
nitrogen bond results in the formation of halosilanes 
(X = F, Cl, Br, I): 

R8SiNH, + H X - R8SiX + NH4X 

Dry hydrogen chloride reacts with trisilylamine 
(195), tri(methylsilyl)amine (55), or iV-methyldisilazane 
(55, 198) to form the chlorosilane or methylchlorosilane. 
Hydrogen bromide gives similar results (198). 

(CH8SiHj)8N + 4HCl -* 3CH8SiH8Cl + NH4Cl 

The reactions of triethylsilylamine and (a-chloro-
ethyl)diethy!silylamine with 48 per cent hydrofluoric 
acid, hydrobromic acid, or hydrochloric acid (either 
anhydrous or concentrated aqueous) give the halo
silanes in yields up to 89 per cent. The a-chloro sub-
stituent has little effect upon the reaction (12). 

Acid-sensitive substituents on silicon, such as alkoxy 
or phenyl, limit the scope of the reaction. In one case, 
with careful control of the conditions, the silicon-
nitrogen bond has been broken in preference to the 
silicon-oxygen bond. Di-ter<-butoxysilanediamine with 
a limited amount of hydrogen chloride gas gave a 67 
per cent yield of the dichlorosilane; however, with con
centrated hydrochloric acid only tert-butyl chloride 
was obtained (68). 
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TABLE 9 
Reactions of silicon-nitrogen compounds with alcohols, phenols, and silanols 

Silylamtne 
Alcohol, Phenol, 

or Silanol 
Product Yield 

Reaction with alcohols 

(CHi) i S i N H C H i 
( C H i ) t S l N ( C i H i h 
( C H i ) i S i N H C i H i 

(CiHi) iSINHi 

(C iHt ) iS (NHCiHi 
(C iHt ) iB iNHCiHi 
(CHi ) i81 (NHCiHi ) i 

( (CHi) i S i l i N H 

[ ( C H i ) i S i N H ) i 

C J H I O H 

C1H7OH 
C H i O H 
CiHiOH 
CiHiOH 
CiHrOH 
iso-CiHiOH 
C1H.OH 
( C H O t C H C H i O H 
( C H i ) i C H C H i C H i O H 
C i H n O H 
C H i O H 
C H i O H 
C H i O H 
C1H1OH 
C l C H t C H i O H 
NCCH1CH1OH 
H1NCH1CH1OH 
( C i H i ) i N C H i C H i O H 
H i N C H i C H ( C H i ) C H i O H 
C H i C H i C H ( N H i ) C H t O H 
C H i C ( N H i ) ( C H i ) C H t O H 
H t N ( C H i ) i N H ( C H i ) i O H 
C H i O H 
CiHiOH 
C H i O H C H t O H 
H O C H i C H i N H i 
CiHiOH 
CH1CHOHCH1OH 
i s o - C H i O H 
C i H n O H 
i a o - C H i i O H 
C H i C H i C H ( C H i ) C H t O H 
Cl(CHi) 6 OH 
C H i C H i C H ( C H i ) C H i C H i O H 
CH11OH 
C H I T O H 

C H I ( C H I ) I C H ( C I H . ) C H I O H 

C » H „ O H 
C I I H I I O H 

CnHtiOH 
2 , 5 - ( H O ) ( C l ) C H i C H ( C H 0 C H . C l - 4 
C I H H O H 

C H I O H C H O H C H I O H 

( C H I ) iSiOCiHi 
(CHi)ISiOCiHt 
(CH1) iS iOCHi 
(CHi) iSiOCiHi 
(CiHi) iSiOCiHi 
(CiIIi) i S i O C H r 
(CtHOiSiOtfso-CHi) 
(CiHi) iSiOC. Hi 
(CtHi ) iS iOCHiCH(CHi) i 
(CtH, ) iS iOCHiCHiCH(CHi) t 
(CiHi) iSiOCiHu 
(CtHi) iSiOCHi 
(CiHi) iS iOCHi 
(CHi)tSi (OCHi) i 
(CH,)tSi(OCiHi) i 
«er ( -CHiO) iS i (OCHiCHiCl ) t 
(<er<-CH.O)iSi(OCHtCHiCN)t 
« « r ( - C H i O ) i S i ( O C H t C H i N H t ) i 
( (er( -C.H»0) iSi [OCHiCHiN(CtHi) i ] t 
« e r f - C i H i O ) i 8 i | O C H i C H ( C H i ) C H t N H t | t 
« « r < - C H i O ) i S i [ O C H i C H ( N H i ) C H t C H i ) t 
( (ert -CHtO)tSi [OCHtC(CHi) (NHt)CHiI t 
( < e r < - C H , 0 ) i S i [ 0 ( C H i ) , N H ( C H t ) i N H t J i 
(CHi) iS iOCHi 
(CHi) iSiOCiHi 
(CHi) iSiOCHiC HtOSi(CHt)I 
(CHi ) iS iOCHtCHiNHt 
(CHiJiSiOCiHi 
(CHi> iS iOCHiCH[08 i (CHi ) j ]CHi 
(CHi ) iS iO( i so -CHi ) 
(CHi)1SiOCiHiI 
(CHi) iSiO(iso-CiHu) 
( C H i ) I S i O C H t C H ( C H i ) C H t C H i 
(CH,) .S iO(CHi) iCl 
(CHi) i S i O C H i C H i C H ( C H i ) C H i C H i 
(CHi) i S i O C H u 
(CHi) i S i O C H u 
( C H i ) i S i O C H i C H ( C t H , ) ( C H t ) i C H i 
( C H i ) i S i O C . H n 
( C H i ) i S i O C i H n 
(CHi) iSiOCiiHit 
2 - [ (CHI) IS iO) -O-CICHiCH(CHi ) (CiHiCM) 
( ( e r l - C H , 0 ) i S i ( N H i ) (OCiHu) 
( C H i ) i S i O C H i C H ( O H ) C H i O 

1 1 

ptr cent 

9 0 - 9 5 
81 
91 
93 
80 

— 
— 
— 
— 
— 
„ 

60 
87 
80 
63 
60 
63 
43 
72 
47 
47 
41 

9 0 - 9 5 
75 
80 
60 

— 
— 
— 
— 
75 
96 

— 
82 

— 
— 
94 

— 
— 
— 
— 

(13) 
(149) 
(107) 
(107) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(127) 
(124) 
(107) 
(107) 
(68) 
(68) 
(51) 
(51) 
(51) 
(51) 
(51) 
(51) 
(112) 
(112) 
(112) 
(6) 
(112) 
(112) 
(112) 
(112) 
(112) 
(112) 
(189) 
(112) 
(112) 
(112) 
(112) 
(112) 
(112) 
(112) 
(191) 
(129) 
(134) 

React ion with 

CiHiOH 
CiH 1 OH 
o-CHiCiH<OH (also m- and P-) 
0-CH1CH1C1H1OH (also m- and p-) 
2 , 3 - ( C H I ) I C I H I O H (also 2,4-, 2,5-, 

2 0-, 3,4-, and 3,5.) 
2 ,4 ,6 - (CHi) iC.HtOH 
0-CHiOC.H.OH 

phenols 

(CHi) iS iOCiHi 
(CHi) iSiOCiHi 
(CHOiSiO(CiH.CHi-o) 
(CHi) i S i O ( C H . C H i - o ) 
(CHi) iSiOCiHi(CHi) i -2 ,3 

(CHi) iSiOCtHi(CHi) t-2,4,6 
(CHOiSiO(CH 1 OCHi-O) 

9 0 - 9 5 
9 0 - 9 5 

— 
— 
— 

— 
— 

(13) 
(13, 114) 
(114) 
(114) 
(114) 

(114) 
(114) 

Reaction with silanols 

(CHi)iSiNHCiHi. 

(CHi) iSiN(CtHi)i. 

(CHi)iSiNH((«r(-C.Hi) 
(CtHi) iSiNHCtHi 
(CtHi).SiN(CtHi)t.... 
(CiHi)i8iN(CtH,)t 
(MC-CiHtO) iS iNHi . . . 
(CHi)tSi[N(CiHi)t}i. . 

«er«-CiH.O)i8i(NHi)i. 

(CiHOiSiOH 
(CiH1) iSiOH 
(CtHOiSi(OH)1 

(CiH1)ISi(OH)I 
(CiH1) iSiOH 
(CiHi) iSiOH 
(CiH1)ISi(OH)I 
(C.H>)iSi(OH)i 
HO[Si(CHi)iO]iH 
HO[Si(CiH1)IOItH 
(CiH,).SiOH 
(CiHOiSiOH 
(CiIWiSiOH 
(CiHi)iSiOH 
(««-C(HiO)iSiOH 
(CiHi)iSi(OH)i 
HO[Si(CHt)tO]iH 
(CiHi)iSiOH 

(CHi) iSiOSi(CiHi)i 
(CHi) iSiOSi(CiHi)i 
[(CHOiSiO ].Si(CtHi)i 
t (CHi)iSiO]tSi(C.Hi) i 
(CHOiSiOSi(CiHi)i 
(CHOiSiOSi(CiHOi 
t (CHi) iS iO] iS i (CiH0i 
[(CHi) 1SiOIiSi(CiH1)I 
(CHOiSiO [Si(CHOiO JiSi(CHOi 
(CH,) iS iO[Si (CHi) iO] iSi (CHi) i 
(CHOiSiOSi(CiHOi 
(CiHOiSiOSi(CiH1)I 
(C:Hi) iSiOSi(C.Hi) i 
(CHOiS iOSi (C iHOi 
[(»ec-CHiO)iSi] iO 
Polymer 
Polymer 
( (er( -CHiO)tSi (NHt) [OSi(CtHOtI 

43' 
53 
54 
87 
65 
83 
54 
87 
84 
70 
66 

6 1 - 6 8 
53 
30 

— 
62 
88 
68 



376 RALPH FESSENDEN AND JOAN SEARING FESSENDEN 

Evidence is insufficient to show any clearly defined 
trends due to steric effects in these reactions. A decrease 
in yield is observed when the substituents on the silicon 
in the TV-phenylsilylamine series are increased from 
methyl to isopropyl (see table 10) (1). On the other 
hand, tris(triphenylgermanyl)chlorosiIane is readily 
obtained from the corresponding amine (137). Com
pounds in which there is phenyl substitution on the 
nitrogen have been studied, and these silylamines 
undergo reaction with hydrogen iodide (1, 5, 165) and 
hydrogen chloride (165) to yield halosilanes. If this 
reaction is used for the conversion of a chlorosilane to 
the iodosilane, the intermediate silylamine need not be 
isolated (1, 5). 

R1SiCl + CH6NH, 
H I 

[RaSiNHC.H,: 
R1SiI + CH6NH1I + HCl 

Disilazanes, such as hexamethyldisilazane, also react 
with the halogen acids to yield the corresponding halo
silanes (169). In the one instance in which the reaction 
of halogen acids with a cyclosilazane has been reported, 
hexa-teri-butoxyeyclotrisilazane was found to undergo 
almost complete degradation (68). 

Derivatives of the mineral acids may react with N-
substituted silylamines with cleavage of the nitrogen-
hydrogen bond rather than the silicon-nitrogen bond 
(13, 14). iV-Methyltrimethylsilylamine, for example, 
reacts with ethyl chlorosulfonate to give the silylsul-
famide (13). 

(CH,),SiNHCH, + ClSO1OCH, - • 
(CH,),SiN(CH,)SO,OC,H, + HCl 

The reaction of hexamethyldisilazane with sulfuryl 
chloride, however, results in cleavage of the silicon-
nitrogen bond (13). 

2[(CH,),Si],NH + SO1Cl, -• [(CH,),SiN],SO, + 2(CH,),SiCl 

Phosphoric acid and its derivatives with hexamethyl
disilazane or iV-methyltrimethylsilylamine yield£0-
silylphosphates (14). 

2. With, organic acids and their derivatives 

Reaction of silicon-nitrogen compounds with car-
boxylic acids results in cleavage of the silicon-nitrogen 
bond (23, 138). 

(^t-RO)1Si(NH1). + 2R'C00H 

(fert-RO)jSi(OOR'), + 2NH, 

Acid chlorides react with silylamines to yield chloro-
silanes (3). 

CH6Si[N(CH,),], + COI6COCl CH1SiCl, 

Schotten-Baumann reactions with hexamethyldisila
zane (169) and iV-methylhexamethyldisilazane (143) 
gave only benzamide and iV-methylbenzamide, respec
tively. Adipoyl chloride with triisopropoxysilylamine 
is reported to undergo ring closure without affecting 
the silicon-nitrogen bond (175). 

TABLE 10 

Reactions of silicon-nitrogen compounds with hydrogen halides 

Silylamine 

(HiSi)iNCHi 

(CHiSiHi)iN 
(CHiSiHi)1NCHi 
CHiSiHiN(CHi)I 
(CHi)iSiN(CHi). 
(CiHOiSiNHi 

[CHiCH(Cl) KCiHOiSiNHi 

(CiHiO)iSiN(CHi)i 
[(CHi)iGe]iSiNH 
(CHi)iSi(NHC<H()i 
(<er(-C.H90)iSi(NH.)i 

HSl(NHCiHi)I 

CiH1Si(NHCHi)I 
IaO-CiH1Si(NHCiHi)I 
Si(NHCiHOi 
«CHi)iSi]iNH 
[(CiHiO)iSi)iNH 

Hydrogen Hallde 

HCl (gas) 
HBr (gas) 
HCl (gas) 
HCl (gas) 
HCl (gas) 
HCl (gas) 
HF (48%) 
HCl (gas) 
HCl (coned.) 
HBr (gas) 
HBr-HiSO. 
HF (48%) 
HCl (gas) 
HCl (eonod.) 
HBr (gas) 
HBr-HiSOi 
HCl (gas) 
HCl (gas) 
HI (gas) 
HCl (gas) 
HCl (eoncd.) 
HCl (gas) 
HBr (gas) 
HI (gas) 
HI (gas) 
HI (gas) 
HCl 

HCl (gas) 
HCl (gas) 

Product 

HiSiCl 
HiSiBr 
CHiSiH1Cl 
CHiSiH1Cl 
CHiSiHiCl 
(CHOiSiCl 
(CiHi)iSiF 
(CiHi)iSiCl 
(C1Hi)ISiCl 
(CiH.)iSiBr 
(C1H1)ISiBr 
CHiCHCKCiHi)iSiF 
CHiCHCl(CiHi)1SiCl 
CHiCHCl(C1Hi)1SiCl 
CHiCHCl(C1Hi)1SiBr 
CHiCHCl(CiHi)iSiBr 
(C1HiO)ISiCl 
[(CHi) iGe JiSiCl 
(CHi)1SiIi 
((BrI-C(HiO)1SiCl1 

(ferf-CiHiOJiSiCU 
HSiCIi 
HSiBn 
HSiIi 
CiHiSiIi 
iso-CHiSili 
SiCl. 
(CHi) iSiCl 
(C1HiO)ISiCl 

Yield 

per cent 
100 
96 

89 
80 
80 
70 
65 
82 
76 
79 
26 
81 

55 
10-67 

58 

46 
37 

63 

Referenoes 

(59. 60) 
(198) 
(56) 
(55) 
(55) 
(55) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(162) 
(137) 
(D 
(68) 
(68) 
(165) 
(165) 
(165) 
(D 
(1) 
(155) 
(169) 
(162) 
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(180-C1H7O)1SiNH, + C1C0(CH2),C0C1 - • 
(iso-C8H70)8SiNCO(CH2)4CO 

i i 

Acetic anhydride results in cleavage of the silicon-
nitrogen bond (115a). 

E. REACTIONS WITH BORON COMPOUNDS 

The simple silylamines undergo cleavage of the sili
con-nitrogen bond with boron trifluoride or boron 
trichloride. The reaction of trisilylamine and boron 
trichloride (37) or boron trifluoride (37, 199) at - 7 8 ° 
C. yields the silyl halide and silylborazole. 

(H8Si)8N + BCl8 -> H3SiCl + (H8Si)5NBCl, 

iV-Methyldisilazane also reacts with boron trichloride 
at - 7 8 0 C , but at higher temperature the borazole 
decomposes (37). 

CH8N(SiH8), + BCl, -• H8SiCl + CH8N(SiH8)(BCl8) 

CH8N(SiH8)(BCl2) -» H8SiCl + (CH8NBCl)8 

Trisilylamine is cleaved by dimethylboron bromide 
giving silyl bromide along with silane, trimethyl-
boron, and JV,#-bis(silylenebromide)dimethylborazole, 
(CH3),BN(SiH2Br)2 (37). 

Diborane does not react with trisilylamine (67); 
however, the reaction with bromodiborane yields silyl 
bromide and bis(silyl)aminoborine, which appears both 
as the monomer and as the dimer (37). 

(H8Si)8N + B5H5Br -» H3SiBr + (H3Si)2NBH, 

N-Methyldisilazane undergoes a similar reaction with 
bromodiborane, but the aminoborine formed is un
stable (37). 

F. REACTIONS WITH ALKALI METALS AND 

ORGANOMETAI.LIC COMPOUNDS 

The nitrogen-hydrogen bond of silylamines and di-
silazanes is relatively inert to the action of alkali 
metals. N-Methyltrimethylsilylamine fails to react 
with sodium (169), and iV-ethyltriethylsilylamine 
fails to react with lithium in ethylamine (105). N-
Ethyltriphenylsilylamine, however, reacts with lithium 
in ethylamine with the loss of a phenyl group (16). 

(CJHj)8SiNHC2H5 + Li + C2H6NH2 -+ (C«H5)2Si(NHC2H,)2 

Hexamethyldisilazane (79, 169) and hexaethoxydi-
silazane (162) fail to react with sodium or potassium 
under reflux, but the former reacts with sodium in 
styrene (79), phenyllithium (210), or a methyl Gri-
gnard reagent (168) to yield the salt of the disilazane. 

[(CH,),Si)2NH + CJI5Li — [(CHs)3Si]2NLi + C6H, 

G. CONDENSATION AND REDISTRIBUTION REACTIONS 

Silylamines undergo self-condensation to yield di-
silazanes (62, 116, 175, 205, 214). This reaction is 
similar to the silylamine-amine exchange reaction and, 

2R8SiNH, -> R8SiNHSiR8 + NH8 

like the exchange reaction, is acid catalyzed. Although 
triethylsilylamine fails to coridense upon prolonged 
reflux (8), the addition of ammonium sulfate catalyzes 
the reaction so that the disilazane may be obtained 
(62). Tributoxysilylamine (116), triphenoxysilylamine 
(175, 214), and tris(p-dimethylaminophenyl)silylamine 
(205) have been reported to form disilazanes upon 
prolonged reflux. 

2(C4H9O)3SiNH2 -• [(C4H(O)8Si]2NH + NH8 

Af-Substituted trimethylsilylamines undergo con
densation to the N-siibstituted hexamethyldisilazanes 
(128, 143, 193). 

2(CH,),SiNHCH, -• [(CH,),Si],NCH, + CH8NH, 

A mixture of tris(methylamino)propylsilane and tris-
(ethylamino)propylsilane undergoes redistribution of 
the RNH— groups when heated with ammonium sul
fate (201). 

Silanediamines undergo condensation to cyclosila-
zanes when heated with ammonium sulfate, the cyclo-
trisilazane being the predominant product (68, 138, 
175). Di-tert-butylsilanediamine, however, does not 
undergo condensation (186). 

3(ter«-C4H„0)2Si(NH2), -+ [(IeH-C4H9O)2SiNH], + 3NH8 

Polysilazanes may be pyrolyzed to cyclosilazanes (82). 
Hexamethylcyclotrisilazane when heated in a sealed 

tube with ammonium chloride yields hexamethyldisila
zane and octamethyltetrasilazane (33). 

H. REACTIONS WITH HALOSILA NES 

The reaction of a silylamine with a halosilane may 
result in the cleavage of either the silicon-nitrogen or 
the nitrogen-hydrogen bond. When JVjTV-dimethyltri-
methylsilylamine is heated with silicon tetrachloride in 
a sealed tube, bis(dimethylamino)dichlorosilane and 
trimethylchlorosilane are produced (81). 

heat 
2(CH8)3SiN(CH3)2 + SiCl4 —» 

[(CH3)2N]2SiCl, + 2(CHj)3SiCl 

Under similar conditions, hexamethyldisilazane yields 
trimethyltrichlorodisilazane, while iV-methylhexa-
methyldisilazane is converted to JV-methyltrimethyltri-
chlorodisilazane (81). 

heat 
[(CH3)3Si]2NCH3 + SiCl4 —> 

(CH8)3SiN(CH8)SiCl8 + (CH,),SiCl 

The action of halosilanes other than silicon tetrachloride 
under these conditions has not been reported. 

In contrast to the reactions noted when a sealed-tube 
system is used, the silicon-nitrogen bond of hexamethyl
disilazane (79, 169) or hexaethoxydisilazane (162) is 
not broken when these compounds are heated under 
reflux with halosilanes. 
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Reactions of silylamines and halosilanes which involve 
cleavage of the nitrogen-hydrogen bond yield disila-
zanes (8, 141, 169). This reaction is reversible (169) 
(see Section IV, D, 1). 

R1SiNH2 + R^SiCl v± R8SiNHSiR; + HCl 

I. MISCELLANEOUS REACTIONS 

Both Ar,A''-dimethyltrichlorosilylamine and bis(di-
methylamino)dichlorosilane are reduced and undergo 
cleavage of the silicon-nitrogen bond with lithium 
aluminum hydride (38). 

(CHs)5NSiCl, + LiAlH4 -» SiH4 

Hexaphenyldisilazane reacts with bromine to yield 
triphenylsilyl bromide and bromobenzene (154). 

The reaction of hexamethyldisilazane with hydrogen 
cyanide to give trimethylsilyl cyanide has been re
ported (24). 

[(CH,)aSi]zNH + HCN -• (CH,)8SiCN 

There is one report of the addition of a disilazane to 
a double bond (139). 

[(C2Ht),Si]2NH + CH,==CHCN -• [(C,H,)8Si],NCH,CH,CN 

None of these reactions has been investigated ex
tensively. 

V. SlLYLHYDRAZINES 

Four methods for the preparation of silylhydrazines 
have been reported. The first (method A, table 11) is 
the treatment of a hydrazine or a substituted hydrazine 
with a halosilane. The reaction of silyl iodide with 
hydrazine yields the tetrasilylhydrazine (9), while 
trimethylchlorosilane gives the AT,W-bis(trimethyl-
silyl) hydrazine (206). Disubstitution on the same 
nitrogen of the hydrazine does not occur when trialkyl-
or triaryl-substituted halosilanes are used (206, 207). 
The monosilylhydrazines may be prepared by increasing 
the ratio of hydrazine to chlorosilane (207). 

2(CH,),SiCl + 3NH8NH, -• 
(CHt)8SiNHNHSi(CH1), + 2NH1NH2-HCl 

In the reaction of a chlorosilane with a substituted 
hydrazine, the silyl group shows a preference for the 
unsubstituted nitrogen of the hydrazine. Both alkyl-
and aryl-substituted hydrazines have been utilized 
(206, 208). 

(CH,),SiCl + 2NH1NHCH, -» 
(CH,),SiNHNHC,H, + C1H8NHNH, • HCl 

iV'-Methyl-Af'-(trimethylsilyl)hydrazine, prepared by 

TABLE 11 
Preparation and physical constant* of the silylhydrazines 

Silylhydrazine 

(HiSi).NN(SiHi). 
(CH.)iSiNHNHCHi 
(CHOiSiNCHiNHCHi 
(CHi)iSiNHN(CHi)i 
(CHOiSiNHN(CHO. 
(CHi)iSiNHNHSi(CHi)i 
(CHi)iSiNHN(CHi)Si(CHi)i 
[(CHOiSi]1NN(CH,). 
[(CHi)iSi].NNHSi(CHi)i 
(CHOiSiNHNHCH. 
(CHOiSiN(CiHONHCH. 
(CHOiSiN(CHONHCH. 
[(CHO.SMiNNHCH. 
(CHOiSiNHNHP(O)(OCHOi 
(CHOiSiNHN(CHOi 
(CiHOiSiNHN(CHOi 
(CHOiSiNHNHSi(CHOi 
(CHOiSiNHNHSi(CHOi 
[(CHOiSiH(CHOiSi]NNHSi(CHOi.. 
[(CHOiSi][(CHi)iSi]NNHSi(CH.)i . 
(CHOiSiNHNHCH. 
(CiHi)ISiNHN(CHOi 
(CH,)iSiNHN(CH0« 
(CH7)iSiNHNHSi(CHi)i 
(CHOiSiNHNHCH. 
(CHOiSiNHNHi 
(CHOiSiNHNHCH. 
(CHOiSiNHNHSi(CHOi 
(CHOiSiN(CHONHCH. 
(CHOiSiN(CHON(CHOSi(CHOi. 
(CHOiSi[NHN(CHOiI. 
(CHOiSi(NHNHCHO. 

Method 
of 

Prepa
ration* 

A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
B 
B 
B 
D 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
B, C 
B 
A 
A 

Yield 

per cent 

99.6 
88 
91 

98 
95 
90 
90 
93 
90 

90 
92 

97 
90 
90 
90 
95 

88 
90 

76 
82 
68-74 
17 

Melting 
Point 

°C. 
- 2 4 

65 

53-54 

90-92 
80-82 
138-140 
136-138 
265-266 
42-43 
115 (d.) 

Boiling Point 

0C. 

109 
96-97 
61-63/260 mm. 
100 
144.5 
69/40 mm. 
73-75/40 mm. 
07/12 mm. 
89/13 mm. 
115-116/12 mm. 
113/10 mm. 
138/1 mm. 
124/10 mm. 

55-50/8 mm. 
85-87/10-11 mm. 
72/3 mm. 
142/20 mm. 
126/9 mm. 
164/3 mm. 
129-130/1 mm. 
87-89/7 mm. 
114-115/10 mm. 
189-190/20 mm. 
145/1 mm. 

191-193 

d 

0.83 (20°) 

0.9658 (20°) 
0.7948 (20°) 
0.8165 (21°) 
0.7708 (19") 
0.8431 (19°) 
0.8400(24°) 
0.9768 (20°) 
0.9329 (24°) 

0.9292 (24°) 

0.8202 (20°) 
0.8340 (20°) 
0.8417 (22°) 
0.8595 (23°) 
0.8723 (24°) 
0.8918(21°) 

0.8209 (20°) 
0.8301 (20°) 
0.8481 (21°) 

" D 

1.3818(20°) 
1.4018 (22°) 
1.4195 (20°) 
1.4268(22°) 
1.3820(19°) 
1.4390 (20°) 
1.4442 (20°) 
1.5409 (19°) 
1.5152 (20°) 

1.5078(20°) 

1.4348(20°) 
1.4441 (20°) 
1.4422 (17°) 
1.4562 (20°) 
1.4612 (20°) 
1.4764 (20°) 
1.5210 (20°) 
1.4405 (20°) 
1.4471 (20°) 
1.4562 (24°) 
1.4918 (20°) 

Referenoes 

(9) 
(208) 
(208) 
(208) 
(176) 
(206, 207) 
(206, 208) 
(210) 
(210) 
(206, 208) 
(210) 
(210) 
(210) 
(14) 
(176) 
(176) 
(206, 207) 
(206. 207) 
(210) 
(210) 
(206, 208) 
(176) 
(176) 
(206, 207) 
(208) 
(206, 207) 
(206, 208) 
(206, 207) 
(218) 
(218) 
(209) 
(209) 

* Method of preparation: A. chlorosilane + hydrazine; B. chlorosilane + alkali metal salt of hydrazine; C. (CHOtSiLi + C H i N = N C H j ; D. (CHjO)iP-
(O)NHNH. + (CHOiSiNHR. 
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this method, undergoes autocondensation with the 
release of methylhydrazine (208). 

heat 
2CHsNHNHSi(CH,), —• 

[(CH,),Si](CH,)NNHSi(CH,), + CH1NHNH2 

When dichlorosilanes react with hydrazines, either 
polymers or bis(hydrazino)silanes are formed. Di-
methyldichlorosilane and hydrazine form a polymer 
of molecular weight ca. 3500 (206), but diphenyldichlo-
rosilane forms bis(hydrazino)diphenylsilane (209). Di-
phenyldichlorosilane and substituted hydrazines yield 
bis (N '-substituted hydrazino)silanes (209). 

(CH1O2SiCl2 + 4NHjNHC8H5 -> 
(C8H6)JSi(NHNHC8H6), + 2C8H8NHNH2-HCl 

The second method of preparation of silylhydrazines 
(method B, table 11) is the use of the lithium salt of a 
hydrazine (218). 

C8H8NLiNLiC6H6 + (C8Hj)1SiCl -> 
(CHs)1SiN(CH8)NH(CH1) + 

(C6Hs)3SiN(C8H6)N(C6H6)Si(C8H6), 

The preparation of more complex silylhydrazines has 
been accomplished by a variation of this reaction, in 
which the lithium salt of a silylhydrazine is treated 
with either a chlorosilane or an alkyl halide to intro
duce a second silyl group (or alkyl group) to the sub
stituted nitrogen of the silylhydrazine (210). 

(CH3),SiN(Li)NHSi(CH,), + (CHs)3SiCl -
[(CH3)3Si]2NNHSi(CH3)3 

Lithium hydrazide has been treated with triphenylsil-
ane, but hydrolysis during work-up prevented the iso
lation of the silylhydrazine (71). 

The third method of preparation (method C, table 11) 
is the reaction of triphenylsilyllithium (or potassium) 
with azobenzene (218) or azoxybenzene (219). 

(CHs)1SiLi + C6H6N=NC6H6 ™ 
[(C8Hs)3Si](C6H6)NNHC6H8 

This method is limited to compounds which will form a 
silicon-metal bond and results in the introduction of a 
single silyl group into the hydrazine molecule. 

The fourth method (method D, table 11) is the 
reaction of the diphenyl ester of hydrazinophosphoric 
acid with either hexamethyldisilazane or AT-methyl-
trimethylsilylamine (14). This reaction is a variation of 
the silylamine-amine exchange reaction. 

(CH6O)2P(O)NHNH2 + (CH3)sSiNHSi(CH,)3 

[or CH3NHSi(CHs)3] -» (C6H6O)2P(O)NHNHSi(CHs)3 

The investigations of the silylhydrazines which have 
been reported were directed toward synthetic techniques 
with no emphasis on study of their chemical properties; 
however, it has been observed by workers in this field 
that these compounds are sensitive to moisture. 

VI. T H E AMINE-HALOSILANE COMPLEX 

Under the proper conditions, halosilanes react with 
ammonia or amines to yield amine-halosilane com
plexes. These complexes are probably formed as un
stable intermediates when chlorosilanes react with 
ammonia or amines, with the reaction normally pro
ceeding to the formation of silylamines and related com
pounds. With the fluorosilanes, however, the complex 
may be of sufficient stability to resist further reaction 
and permit isolation of various adducts. These adducts 
are characterized by giving the ratio of halosilane to 
amine in the complex (e.g., SiF 4^NH 3 is the 1:2 
adduct). 

The reaction of silicon tetrafluoride has been studied 
extensively. I t will react with ammonia to yield a 
stable 1:2 adduct (69, 136). 

SiF4+2NH3 -» SiF4.2NH3 

This compound does not react further with ammonia, 
even at 300°C. (136), but is decomposed by reaction 
with water at moderate temperatures (136). 

2SiF4-2NH1 + 2H8O -» (NH,)2SiF8-NH4F + SiO2 + NH4F 

With' trimethylamine, silicon tetrafluoride yields 
both the 1:1 and the 1:2 adducts (217). With excess 
silicon tetrafluoride, the 1:1 adduct predominates, 
while with excess trimethylamine the 1:2 adduct is 

SiF4 + (CHs)3N -» SiF4-N(CH3), + SiF4-2N(CH,)3 

formed. The 1:1 derivative is converted to the 1:2 on 
addition of trimethylamine, while the reverse is ac
complished upon vacuum distillation, i.e., 1:2 becomes 
1:1 (217). 

Silicon tetrafluoride yields a 1:1 complex with ethyl-
enediamine. A chelate structure has been suggested, 
the amino groups occupying two of the six coordina
tion positions of the silicon (171). The reaction of di-
chlorodifluorosilane with iV,iV,iV',iV'-tetramethylethyl-
enediamine also gives a stable 1:1 adduct (61). Tri-
butylamine was reported to yield a solid product with 
silicon tetrafluoride, but no analytical results were 
given (69). 

Formamide is decomposed by silicon tetrafluoride 
(151); acetamide gives a solid product which was not 
further characterized (69); and iVjiV-dimethylform-
amide gives a 1:2 adduct (151). In the last case, the 
infrared spectrum of the complex exhibits a carbonyl 
peak; consequently, the dative bond has been assigned 
to the nitrogen (151). 

Other fluorosilanes give adduct formation, but the 
reports are found only in the secondary literature (35). 

With the chlorofluorosilanes both 1:1 and 1:2 adducts 
are obtained. There is some evidence of halogen re
arrangement during the course of the reaction (61). 

The chlorosilanes are distinctly less capable of form
ing stable adducts than are the fluorosilanes. Reactions 
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with ammonia or amines (primary and secondary) 
result in cleavage of the silicon-chlorine bond with no 
stable adduct being formed. Using the system silicon 
tetrachloride-trimethylamine, it was barely possible 
to demonstrate the presence of a small amount of 1:1 
adduct (36). In the light of this work, which was based 
on deviation of the mixed vapor pressure of the system 
from ideality at low temperature, other reports (46, 
152, 188) of highly hindered, stable, chlorosilane-amine 
complexes must be regarded with caution. 

The chlorosilanes intermediate between silicon tetra
chloride and silane form stable complexes with tri-
methylamine (36), although silane (36) and the alkyl-
silanes (54) do not form complexes. The decreasing 
order of the ability of the chlorosilanes to enter into 
complex formation is : 

SiH1Cl = SiH2Cl2 > SiHCl, > SiCl4 

These results have been interpreted in terms of 
"steric shielding" of the silicon by the chlorine atoms. 
However, the fact that silane does not form complexes 
and that the complexing power of dichloro- and mono-
chlorosilanes are equivalent indicates that electronega
tivity is also an important factor (36). 

Silicon tetrachloride forms a stable adduct with pyri
dine (85, 151, 212); however, it fails to form complexes 
with either tributylamine or 2V,iV-dimethyIaniline 
(151). The basicity of pyridine is between that of the 
other two amines, but it is the least sterically hindered, 
emphasizing the importance of the steric character of 
the amine in complex formation (151). 

The silicon tetrachloride-pyridine complex has been 
reported to be a 1:4 adduct (203); however, on the 
basis of investigations by other authors, the ratio of 1:2 
must be assigned to this complex (85, 151, 211, 212). 
Silicon tetrabromide (158, 211), silicon tetrafluoride 
(211), and trichlorosilane (211) all form 1:2 adducts 
with pyridine; silicon tetraiodide apparently does 
yield a 1:4 complex (211). Silicon tetrachloride and 
quinoline also form a 1:2 complex (85). 

Trimethylchlorosilane has been reported to yield 
complexes with pyridine, the picolines, quinoline, and 
isoquinoline, but the ratios of chlorosilane to base in 
these complexes were not given (204). 

The reaction of silicon tetrachloride with formamide 
yields a 1:10 adduct and with N.iV-dimethylformarnide, 
a 1:5 adduct (73). The unusually high molar ratios may 
be due to dimerization of the amide (73) or to ionization 
of the chlorosilane in these solvents (74, 151). Alkyl-
trichlorosilanes also yield complexes with dimethyl-
formamide (96). 

Iodosilane yields a 1:2 complex with trimethylamine 
(11) and a 1:1 adduct with tetramethylhydrazine in the 
gaseous state (10). In the liquid phase, the adduct was 
2:1 (two silyl groups to one tetramethylhydrazine) 
(10). 

The silicon atom in these complexes utilizes either its 
sp'd orbitals (1:1 adduct) or its spsd2 orbitals (1:2 
adduct). The d-orbital bonding by the silicon atom in 
these compounds, as well as in other silicon compounds, 
has been reviewed elsewhere (197) and will not be dis
cussed here. Alternate theories of bonding involving 
either ionization or halogen bridging have also been 
suggested (61). 

AU halosilane-amine complexes are unstable toward 
water and similar reagents; however, in general, the 
chemistry of these complexes has not been investigated. 
Reports of water-soluble complexes (66, 188) require 
further authentification. The basic chemical property 
of the complexes has been "pyrolysis" (warming from 
—700C. to room temperature), which results either 
in dissociation to the original reactants or in rearrange
ment of the halide groups (60, 61). 

VII. OTHER COMPOUNDS CONTAINING A 

SILICON-NITROGEN BOND 

Silicon tetrachloride reacts with sodium azide to 
yield silicon tetraazide (216), an explosive. 

SiCl4 + 4NaN8 -> Si(Na)4 + 4NaCl 

Silane and HN8 give no reaction (216). 
Attempts to obtain nitrosilicon compounds (silicon 

bonded to the nitrogen of the nitro group) have failed. 
Reactions of silicon tetrachloride with silver nitrite, 
nitrogen tetroxide, and amyl nitrite gave products 
which were not identified (80). The reaction of ethyl-
trichlorosilane with nitrogen dioxide gives nitroethyl-
trichlorosilanes (144). Trimethylchlorosilane and silver 
nitrate yield the O-silyl product (170). 

The authors are sincerely grateful to Dr. R. M. Pike 
for his helpful comments and suggestions in connection 
with the preparation of this review. 
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TABLE 12 
Physical constants of silicon-nitrogen compounds 

Compound 

Silylamines: 

HiSiN(CHi)! 
HiSiN(CHi)BFi 
HiSiN(CHi)BiHi 
HiSiN(CHi)(BiHs)N(CHi)I 
HiSi(CHi)N(CHi). 
(CH.)iSiNHCHi 
(CHi) iSiNHCHi 
(CHi)iSiNHCH.CH=CH. 
(CHOiSiHCiH. 
(CHi).SlNH«er(-C<HO 
(CHi).SiNH(CHu) 
(CHi)ISiNH(CiH1I) 
(CHi)iSiNHCHiCHiOCH=CHt 
(CHi)iSiNHC(CHi)iCHiOCH=CHt. . . . 
(CHi)iSiNHCuHnSiHi(CiHi) 
(CHOiSiN(CHi) 
(CHOiSiN(CHO. 
(CHi)iSiCH=C=N8i(CHi)i 
(CHi)iSiN(CHi)CHiCHiOCH=CHi. . . . 
(CHi)iSiNHC.H 
(CHOiSiNHCHiCHi 
(CHi)iSiNHCHiCHiCHi 
<CHi)iSiNH[C.H.COOSi(CH.)i-p] 
(CHi)iSiNHSOiCHi 
(CHOiSiNHSOiOSi(CHOi 
<CHi)iSiNHSOiNHSi(CHi)i 
<CHi)iSiN(CHi)SO.OSi(CHi)i 
(CHi)ISiNHP(O)CIi 
[(CH0.SiNH].P(O)OCH 
<CHi)iSiNCHiCOOCiHi 
<CHi)iSiNHCHiCOOSi(CHi)i 
(CHOiSiNHCHiCHiCOOCH. 
<CHi)iSiNHCH(CHi)C008i(CH.)i 
(CHi)iSiNHCH(CHi)CHiCOOC.Hi 
(CHi)iSiNH(CH.)iCOOSi(CHi)i 
<CH.)iSiNHCH(iso-CHr)COOSi(CHi)«.. 
<CHi)iSiNHCH(iso-C.H.)COOC>Hi 
(CHi)iSiNHCH(i80-C.H.)C00Si(CHi)i.. 
(CH0iSiNHCH(»ec-C.H,)COO8i(CHi)i.. 
<CHi)iSiNH(CHi)iCOOSi(CHi)i 
(CHi)iSiNH [CHiCOOSi(CHi)^o] 
<CHi)iSiNHCH(CHiC«Hi)COOSi(CHi)i. 
<C.Hi)iSiNHi 
<ClCHiCHi)(CiHt)iSiNHi 
<CHiCHCl) (CiHi)1SiNH. 
<C.Hi)iSiNHCHi 
(CHt) iSiNHCHi 
<CH.)iSiNHCiHT 
(CH.)iSiNH(iso-CHr) 
(CHOiSiNHCH. 
(CHi).SiNH((er(-CH.) 
(CH.).SiNHC(CHi).CH. 
(CHi).SiNHCHn 
(CiHOiSiNHCH(CHi)4CH. 

L-

(CHOiSiNHCrHi. 
<CH.).SiN(CHi). 
(CH»).SiN(CH,). 
(C.H»).SiN(CH,)(CH.CHiCN) 
(CH.)iSiN(CHi). 
(CH.) .SiNHCH. 
(CHi)iSiNH(CHiCHi-o) 
(CH.)iSiNH(C.H4CH>-p) 
(C.Hi)iSiNHCH.CH. 
(CHi)iSiNHCH(CHi)CH. 
(CH.)iSiNHCH(CH.)CH.CH. 
2-(CH.).SiNH(thiaiole) 
(C.Hi).SiNHSO.OSi(CiH.). 
(CH.).SiNHCH(CHiCH(CHi).]COOSi(C.H.)i. 
(CHr)iSINH. 
(CHrJ.SiNHCH 
(CHr).SiNHCH, 
(CHr)1SiNHCHr 
(CHr).8iNH(ieo-C.Hr) 
(CHOiSiN(CH.). 

Melting 
Point 

0C. 

3 .3-3.4 

- 3 9 

- 1 5 0 to - 1 6 0 

64-68 
50-51 
104-105 

94-95 
119-120 

34 

Boiling 
Point 

0C. 

46 
71 
90.1-90.8 
110 
134-135 
118-127 
161.4-162.4 
92-93/26 mm. 
49-53/12 mm. 
77/24 mm. 
95/0.01 mm. 
85-86 
126.8-127.1 
117/30 mm. 
56-58/12 mm. 
96-98/24 mm. 
95-96/15 mm. 
107/20 mm. 
125/0.6 mm. 

110-112/2.8 mm. 

72/0.05 mm. 

68-71/13 mm. 
97/22 mm. 
96-100/14 mm. 
73/10 mm. 
90-95/20 mm. 
115/1.1 mm. 
93/10 mm. 
107-112/12 mm. 
106/12 mm. 
64/0.7 mm. 
114/2.5 mm. 
104/0.7 mm. 
110/1.1 mm. 
137 
65-66.6/7 mm. 
93/38 mm. 
151-153 
166-167 
189.4 
179.6 
85-86/12 mm. 
193 
212-214 
117/15 mm. 
112-113/10 mm. 

125/13 mm. 
160-167 
199.6-201 
262 
253-254 
134-135/12 mm. 
137/9 mm. 
143/12 mm. 
133/9 mm. 
142/14 mm. 
146/13 mm. 

141-143/1.5 mm. 
162/7 mm. 
70-72/9 mm. 
195-196 
76-76/3 mm. 
95/6 mm. 
78-80/9 mm. 
68-60/3 mm. 

d 

0.7395 (20°) 

0.7676 (25°) 
0.785 (20°) 

0.772 (20°) 

0.902 (25°) 

0.822 (20°) 

0.940 (20°) 

0.8975 (20°) 

0.8831 (20°) 

0.9539 (20°) 

0.8804 (20°) 
0.8925 (20°) 
1.0566 (20°) 
0.9930(20°) 
0.7982 (20°) 
0.9769 (20°) 
0.9604 (20°) 
0.8011 (20°) 
0.7995 (20°) 
0.8038 (20°) 
0.7962 (20°) 

0.8082 (20°) 
0.8194 (20°) 

0.8044 (20°) 
0.8167 (20°) 
0.8914 (20°) 
0.8280 (20°) 
0.934 (20°) 

I D 

1.3905 (20°) 
1.3912 (20°) 
1.4130 (25°) 
1.4094 (20°) 
1,4060 (25°) 
1,4154 (20°) 

1.4952 (26°) 

1.4109 (20°) 
1.4673 (20°) 

1.4918 (25°) 

1.6416 (20°) 

1.4229 (20°) 

1.4177 (20°) 

1.4390(20°) 
1.4228 (20°) 

1.4236 (20°) 
1.4267 (20°) 
1.4331 (20°) 
1.5348 (20°) 
1.4863 (20°) 
1.4275 (20°) 
1.4624 (20°) 
1.4570 (20°) 
1.4295 (20°) 
1.4300(20°) 
1.4332 (20°) 
1.4282 (20°) 

1.4360 (20°) 
1.4400 (20°) 

1.4325 (20°) 
1.4400 (20°) 
1.4575 (20°) 
1.4475 (20°) 

References 

(198) 
(199) 
(37) 
(37) 
(55) 
(169) 
(169) 
(167, 193) 
(112) 
(51) 
(112) 
(140) 
(50) 
(50) 
(192) 
(55, 79, 140) 
(51, 112, 169) 
(153) 
(50) 
(2, 140) 
(83, 140) 
(140) 
(184) 
(13) 
(13, 142) 
(13) 
(13) 
(14) 
(14) 
(20, 21) 
(23, 164) 
(20, 21) 
(23, 164) 
(20, 21) 
(164) 
(23) 
(21) 
(23) 
(164) 
(164) 
(164) 
(164) 
(8, 12, 53, 169) 
(184) 
(12) 
(8) 
(8, 53, 105, 127) 
(53) 
(53) 
(122) 
(53) 
(53) 
(122, 126) 
(122) 

(122, 128) 
(8) 
(8, 63) 
(139) 
(53) 
(2, 63, 122, 127) 
(122) 
(122, 127) 
(122, 126, 127) 
(126, 127) 
(126) 
(122) 
(142) 
(23) 
(124) 
(124) 
(124) 
(124) 
(124) 
(124) 
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TABLE 12 (Continued) 

Compound 

Silylamines: 

( C I H J ) I S I N ( C I I W I 

(CiHiiiSiNIICHi 
( C I H T ) I S I N H C H I C I H I 

(CH;)iSiNHCHiCHiCHi 
(CHi)iSiNIIi 
(CH.)iBiNHCIIi 
(CHi) iSiNHCHi 
(CH.)iSiNHCHT 
(CHOiSiNIKiso-CiHi) 
(CH. ) iS iNHCH. 
(CH.) iSiNHCHi 
(CH.) iS iNHCH,CH, 
(CHOiKCHiJaSiCHiISiNHi 
(CiH7)i[(CiHi)iSiCH.lSlNHi 
(CH.).!(CIIi)iSiCHi)SlNHi 
(CHi)(CIIi)(CHi)SiNH(CH(CHi-P) 
(CH.CII i ) (CII i ) (CH,)SiNH(CHiCHi-p) . 
(CHi)iSiNHi 
(CHi)ISiNHC2Hi 
(CiHi)iSiN(CHi)i 
(CHi)iSiN(CHi)! 
(CHi)iSiN(CH.)i 
(CHi)iSiN(CHi)i 
(o-CHiCHi).SiN(CHi)i 
[p-(CHi).NCH<li8iNHi 
[P-(CHi)1NCHi ]iSiN(CH.)i 
(l-Ci.Hi)iSiNHi 
(l-CioIMiSiNHCHi 
(CHiO):((er(-CH.O)8iNH« 
(CHiO)iSiN(CHi)i 
(iso-CH70)iSiNHi 
(i«o-CiH,0)i(ler(-CHiO)81NHt 
(CHiO) («er(-CH.0)i8iNHi 
(iso-CHTO) ((«rl-CH.O)tSiNHi 
(CH.O)iSiNHi 
(CHiO)iSiNHCHi 
(CH.O)iSiNHCHi 
(CH.O)iSiNHCHi 
(CH(O)iSiNHCHi 
(CH,0) iSiN(CH,) i 
(CiH1O)ISiNCHiCHi 

Melting 
Point 

(CH.O)iSiNHCHi 
(CH.O)iSiNHCHiCHi 
(«eoCH,0)iSiNHi 
(CiHiO) ((CrI-CH1O)1SiNH1 

((erl-CHiOJiSiNIh 
((erl-CHiO)i(CH,iO)8iNHi 
[(CHi)iSiO ] ((er(-CHiO)iSiNHi. 
[((^(-CH1O)1SiNH1IiO 
(CHiO)iSiNHi 
(CHiO)iSiN(CHi)iCH. 

I I 
(CHi).SiClN(CH,)i 
CH1SiCUN(CHi)I 
CHiSiCUN(iso-CHT)i 
CiHjSiBrIN(SsO-CiH1)I 
CiH7SiCl.NH«erl-CH.) 
CiH7SiCliN(CHu)i 
CiH1SiCIiNCHi(CH,) 
CliSiNIKferl-CHO 
CIiSiN(CH.)! 
CIiSiN(iso-CiH7)i 
CIiSiN(JSo-CH1)I 
CliSiN(CH.).CHi 

85-86 
47-48 
80-81 
84-88 
62 
224 . 
123.5-12S 
170 
62-64 
204-200 
198-200 

L-
BnSiNCHi(CHi) 
CIiSiNCHi(CHi) 
BriSiNCHi(CHi) 
[(CHi) iCieliSiNHi 
(CHOi(HS)SiNHCHi. . 

Silanediaminet: 
(CHi)iSi(NHCHi)i 
(CHi) iSi (NHCHi) i . . . . 
(CHi)IHi(NHCTHn)1. . . 
(CHi)iSi[NHSI(CHi)i)i. 

47.8 
64 

- 8 1 to - 4 8 

206-206.5 

Boiling 
Point 

95-96/7 mm. 
142-143/6 mm. 
147-148/6 mm. 
154-165/3 mm. 
118-120/14 mm. 
H7-118/9 mm. 
128/9 mm. 
131-133/8 mm. 
126-127/9 mm. 
160-152/16 mm. 
190-192/19 mm. 
148/1 mm. 
105/8 mm. 
133/3 mm. 
174/3 mm. 

260-265/70 mm. 

163-165/0.5 mm. 

190/2 mm. 

80-90/50 mm. 
166-167 
181 
57-60/3 mm. 
72-73/15 mm. 
83-84/17 mm. 
129-131/13 mm. 
136-137/13 mm. 
139-140/15 mm. 
149/15 mm. 
101-163/15 mm. 
145-147/13 mm. 
100/1 mm. 

198-201/25 mm. 
202/15 mm. 
194-199°F./3 mm. 
113-114/15 mm. 
82-85/10 mm. 
137-138/22 mm, 
110-111/7 mm. 
134-136/13 mm. 

86-88/17 mm. 
105/15 mm. 
114-115/10 mm. 
73-74/11 mm. 
180-181/10 mm. 
125/11 mm. 
48-51/12 mm. 
55-60/17 mm. 
73-75/13 mm. 
120-124/30 mm. 
101-106/17 mm. 

140-145/12 mm. 
100-105/9 mm. 
150-154/13 mm. 

68/165 mm. 
139 
169-170/12 mm. 
192-195 

0.8578 (20°) 
0.8480(20") 
0.8435 (20°) 

0.9125 (15°) 

0.884 (20°) 
0.924 (20°) 
0.899 (20") 

0.9598 (20°) 

0.901 (20°) 
0.882 (20°) 
0.8967 (20°) 
0.9063 

1.0192 (20°) 

1.4633 (20°) 
1.4610(20") 
1.4638 (20") 

1.4015(20°) 
1.4062 (20°) 
1.4053 (20°) 

0.8297 (20°) 
0.8386 (20°) 

1.4684 (20°) 

1.4149 (20°) 
1.4060 (20°) 
1.4168 (20°) 
1.4211 (20°) 
1.4165 (20°) 

1.4557 (20°) 

1.499 (20°) 

1.4425 (20°) 
1.4281 (20°) 

Reference* 

(124) 
(124) 
(124) 
(124) 
(120) 
(120) 
(120) 
(120) 
(120) 
(120) 
(120) 
(120) 
(141) 
(141) 
(141) 
(102) 
(103) 
(100) 
(16) 
(71) 
(71) 
(71) 
(48) 
(72) 
(205) 
(71) 
(44, 46) 
(44) 
(147) 
(182) 
(175) 
(138) 
(138) 
(138) 
(116, 117) 
(117) 
(116, 117) 
(117) 
(117) 
(99) 
(91) 

(99, 117) 
(117) 
(77) 
(138) 
(138, 147) 
(129) 
(182) 
(147) 
(176, 214) 
(175) 

(100) 
(200) 
(200) 
(202) 
(200) 
(200) 
(200) 
(30, 32) 
(27, 131) 
(31) 
(131) 
(27) 

(26) 
(31) 
(26) 
(137) 
(125) 

(128) 
(128) 
(128) 
(33) 
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TABLE 12 (Continued) 

Compound 

Silanediaminea: 

(CHi)(Si[N(CHi)I],.. 
(CHi),8i[NCH,CH,],. 

I I 
(CHi)1Si(NHCHi), 
(CHi),Si(NHCH,CHi)i 
(CHi),Si[N(C,H,),], 
(CiHO1Si(NHCiHi)I 
(l«rl-CHO(CHi)Si(NHi)i 
(IeW-CHOiSi(NHOi 
((CTl-CHO (CuHu)Si(NHi)! 
(IeW-CiH,) (CH1)Si(NHOi 
(CHOiSi(NHCHi)i 
(CiHO1Si(NHCiHi)I 
(CHOiSi(NHCiHOi 
(CHOiSi(NHCHii)i 
(CiHOiSi(NHCHOi 
(CiHOiSi(NHCHiCHi)i 
(CH1CHi)1Si [NCHiCHi], 

I I 
(CHiCHOiSi[NCH1CHCHi]1 

I I 
(1-CiIHO1Si(NHOi 
(1-01.HO1Si(NHCHOi 
(CHiO)1Si[NCH1CH1]I 

I I 
(CHiO) (IeW-CHiO)Si(NHOi 
(CHiO) ((SrJ-CHiO)Si(NHi)1 

(i»o-CH7O)((er(-CH,O)Si(NH0i 
(CHiO)iSi(NHCHOi 
(CHiO)1Si(NHCHOi 
(CHiO)1Si[NCHiCH1)I 

I I 
(CHiO)i(NHCHOi 
(CHiO)1Si(NHCHOi 
(CHiO)1Si(NHCHOi 
(CHiO)1Si(NHCHiCHOi 
(CHiO)(ier(-CHiO)8i(NHi)i 
( M C - C H I O ) (IeW-CHiO)Bi(NHOi 
(l«W-CHiO)iSi(NH0i 
(ClCHiC(CHi)0](leW-CH,0)Sl(NHi)i. 
((or(-CHiO)iSi(NHCHOi 
((er(-CiHiO)iSi(NHC»Hu)i 
((er(-CHiO)iSi(NHCHOi 
(ferl-CHiO)iSi(NHCHiCHOi 
(l*rl-CHiiO)iSi(NH0i 
HSiCl[NH(IeW-CHOIi 
HSiCI[N(CHOi]I 
CHiSiCl[NH(ler(-CHi)]i. . . 
CHiSiCl[N(CHOi]I 
CiH1SiCl[NH(IeW-CHO ]i 
CHiSiCl[N(CHOi]I 
CH1SiCl [NH((er(-CHO]i 
CiHTSiCl[N(CiHOi]I 
CHTSiCl[NCHi(CHO]I 
CHTSiBr[NCHi(CHO)1 

Cli8i[NH(ierl-CH0]i 
CIiSi[N(CHOi]1 

Cl1Si[N(CHi)1], 
CIiSi [N(iso-CHOi]i 
Cl1Si(NCHi(CHOiCHi]I 

L. 
CIiSi(NHCHOi 
CIiSi [NH(CHiCHi-O) ]i. 
CIiSi [NH(I-CnHO ] ! . . . . 
Cli8i[NH(2-CioH:)]i 
CIiSi(NCiHi(CHO]I. . . • 
BnSi [NCHi(CHi ) ] i . . . . 

Silanetriamines: 
HSi(NHCHOi 
HSi[NCHiIi 

U 
CHiSi[NH(OrI-CHi)]i. . 
CHiSi[N(CHOiIi 
CHiSi[N(CiHOi)I 
CHiSi(NHCiHOi 
CiHiBi[NH(I(W-CiHi)]I. 

Melting 
Point 

0C. 

- 9 8 

45 

58 
83 

153 

184-156 
184-189 

72 

- 9 to - 6 

32-40 

114 (d.) 

- 1 1 

Boiling 
Point 

0C. 

128.4 
99-100 

185-186/9 mm. 
174-178/5 mm. 
140-142/50 mm. 
172-173/1 mm. 
135 
100/50 mm. 
199/7 mm. 
149/37 mm. 
155-156/3 mm. 
120-122/1 mm. 
178-182/2 mm. 
215/2 mm. 
413 (d.) 

168-170 

173/1 mm. 

49-50/11 mm. 

62-65/12 mm. 
63-66/9 mm. 
64-66/8 mm. 
122-123/16 mm. 
129-132/15 mm. 
93-94/2 mm. 

150-151/16 mm. 
170/15 mm. 
183-184/30 mm. 
196/1 mm. 
66-68/3 mm. 
92-95/17 mm. 
86/22 mm. 
80-85/2 mm. 
108/22 mm. 
212-214 

217-219/11 mm. 
105-110/15 mm. 
74-75/12 mm. 
77-78/12 mm. 
81-82/12 mm. 
84-85/12 mm. 
95-96/12 mm. 
100-101/12 mm. 
118-119/15 mm. 
121/17 mm. 
195-197/11 mm. 
206/10 mm. 
98-101/14 mm. 
59-61/20 mm. 
99-104/11 mm. 
125-126/8 mm. 
150-155/17 mm. 

185-187/9 mm. 
221-224/15 mm. 

220/25 mm. 

96-97/12 mm. 
161 
115-116/12 mm. 
212/1 mm. 
115-118/14 mm. 

d 

0.809 (22°) 

1.07 (30°) 
1.0090 (20°) 
0.853 (20°) 

0.961 (20°) 
0.934 (20°) 

0.9550 (20°) 

0.939 (20°) 
0.928 (20°) 
0.9294 (20°) 

0.8815 (20°) 
0.8097 (20°) 

1.0003 (20°) 
0.931 (20°) 
0.9201 (20°) 
0.9354 (20°) 
0.9259 (20°) 
0.9343 (20°) 
0.9280 (20°) 
0.9395 (20°) 
0.9153 (20°) 
0.9323 (20°) 

1.2126 (20°) 
1.0358 (20°) 

1.0324 (20°) 

0.8413 (20°) 
0.850 (22°) 
0.8672 (20°) 
1.14 (30°) 
0.8459 (20°) 

» D 

1.5409 (20°) 
1.4485 (20°) 

1.4534 (20°) 
1.4604 (20°) 
1.6198 (20°) 

1.4130 (20°) 
1.4185 (20°) 
1.4170 (20°) 

1.4046 (25°) 

1.4260 (20°) 
1.4210 (20°) 
1.4188 (20°) 

1.4168 (20°) 
1.4348 (20°) 

1.4987 (20°) 
1.4300 (20°) 
1.4379 (20°) 
1.4433 (20°) 
1.4419 (20°) 
1.4483 (20°) 
1.4465 (20°) 
1.4517 (20°) 
1.4488 (20°) 
1.4530 (20°) 
1.5675 (20°) 
1.6770 (20°) 
1.4484 (20°) 

1.4514 (20°) 

1.4370(20°) 
1.4324 (22°) 
1.4515 (20°) 

1.4414 (20°) 

Reference* 

(3) 
(91) 

(2) 
(128) 
(100) 
(2) 
(186) 
(186) 
(186) 
(186) 
(121) 
(16) 
(121) 
( U l ) 
(2) 
(121) 
(91) 

(91) 

(44) 
(44) 
(91) 

(138) 
(138) 
(138) 
(118) 
(116, 118) 
(91) 

(118) 
(118) 
(99, 118) 
(118) 
(138) 
(138) 
(68, 129, 138, 147) 
(147) 
(129) 
(129) 
(129) 
(129) 
(138, 147) 
(202) 
(202) 
(202) 
(202) 
(202) 
(202) 
(200) 
(200) 
(200) 
(202) 
(30, 32) 
(81) 
(27) 
(31) 
(27) 

(85) 
(85) 
(85) 
(85) 
(31) 
(20) 

(185) 
(167) 

(202) 
(3) 
(202) 
(2) 
(202) 
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TABLE 12 (Continued) 

Compound 

Silanetetramines: 
CiHiSi[N(CiH.)i]i 
CiHiSi(NHCHi)I 
C H J S K N H C H O I 
CHTSiNHi(N(CiH,),]! 
CHTSi(NHCHi)I 
CHiSi(NHCHT)I 
CHiSi [NH(ISO-CHT))I 
CHiSi (NH(iso-CHi) J [N(CIHI) I ] I 
CHiSi[NH(i80-CHi)]i[N(CHi)i) 
CHiSi[NH(ieo-CHi)]i[N(i«o-CHT)i]. . 
CHiSi[NH(iso-CHT)li[NH((«r(-CH.)]. 
CHiSi [NH(iso-CHi)]i[N(CHn)i1 
CHiSi [NH(iso-CHi) ] i [ N C H I ( C H I ) ] . . 
CHiSi(NHCHOi 
CHiSi[NH(iso-CH,)]i 
CHiSi[NH(«eoCHi)]i 
CHiSiNHjlNHtferf-CHi)]! 
CHiSi(NHCH1) [NH(ler(-CHi)]i 
CHiSi [NH«er«-CHi) ]i [NH(ISO-CIHT) ]. 
CHiSi[NH((«;rt-CiH«)Ji 
CHiSi(NHCHn)I 
CHiSi(NHCHu)I 
CHiSi(NHCHn)I 
CHiSi [N(CHi)1]I 
CiHiSi[N(CiH1).]! 
CHiSi(NHCiH1)I 
CHiSi[NCHi(CHi) M N H O S O - C H T ) ] . . 
CHiSi[NCHi(CHi)]I 
CHTSi(NHCHiCiH1)I 
CHiSi [N(CH,)iCHi]i 

I I 
CiiHirSi[N(CHi)i]i 
1-CiOHiSi(NHCH1)! 
CH1OSi(NHCHi)I 
CH.OSi(NHCHi)i 
CH.OSi(NHCHi)i 
CH.OSi(NHCiHi)i 
CHiOSi(NHCH1)! 
CHiOSi(NHCHiCHi)I 
I |(CiH.).NliSi)iO 
ClSi[N(CHi)i]i 
ClSi[N(CHi)Oi 
ClSi[NH(!er(-CHi))i 
ClSi[N(CH,).CHi]i 

Silanetetraminet: 
Si[NH((er(-CHi)li. 
Si[N(CHi)i]( 

8i[N(CHi)i]i 
Si [ N ( C H I ) I ] [ N C H I C H ! ] I 

I I 
Bi[N(CHi)1CHi]4 

Si(NHCH.)i 
Si[NH(CH.CHi-p)]4 
Si[NH(CH,CHi-o)]4. 
Si[N(CHiCHi)i]i. . . . 
Si[NCHiIi 

LJ 
Si[NH(I-CoHi)Ii. 
Si[NH(2-CoH,)]i. 

Ditilazanes: 
(HiSi)iNCHi 
(HiSi)iNBHi 
(H1SO1NB.H1. . . . 
(HiSi)iNBCli 
(HiSi)iNBri 
(HiSlCHi)iNCHi. 
[(CHOiSi]iNH. . . 
[(CHOiSi IiNCHi. 

|(CHi)iSi]iNCHiCH=CHi. . 
[(CHi)i8i]iN(CHi)i8iHiCH.. 
[(CHOiSi]iNSOiOSi(CHi)i... 
ICiH1(CHi)ISiIiNH 

Melting 
Point 

0C. 

176-178 

32 
- 1 6 

17-18 

45-48 
- 2 
12-15 
3-4 

81-82 

136 
131-132 

173.4 

- 1 2 4 . 6 t o - 124 .1 
- 4 0 to - 3 5 
- 6 9 . 6 to - 6 8 . 8 
60-66 (d.) 

- 1 1 5 

Boiling 
Point 

0C. 

133-134/14 mm. 
232-234/1 mm. 
101/50 mm. 
108-109/15 mm. 
90/12 mm. 
120/11 mm. 
101-102/12 mm. 
125-126/15 mm. 
111-112/13 mm. 
131-132/15 mm. 
105-107/11 mm. 
188-189/8 mm. 
153/10 mm. 
117-119/2 mm. 
140-141/12 mm. 
130-131/12 mm. 
104/15 mm. 
109-110/12 mm. 
118-119/14 mm. 
119-120/11 mm. 
104-165/3 mm. 
182-183/2 mm. 
187-189/2 mm. 
72-74/13 mm. 
136-137/10 mm. 
235/3 mm. 
204-205/10 mm. 
227-229/2-3 mm. 
216-218/1 mm. 
172-175/2''mm. 

211-218/0.18 mm. 

98-101/15 mm. 
115-116/18 mm. 
146-147/16 mm. 
134-130/1.5 mm. 
215^-218/0.5 mm. 
218-223/0.6 mm. 
138-139/1 mm. 
62-63/12 mm. 
131-136/13 mm. 
138-141/34 mm. 
155-168/3 mm. 

127-131/12 mm. 
74-75/19 mm. 
72-75/13 mm. 
166-168/14 mm. 
100/10 mm. 

181-182/2 mm. 

80 
125.7-126.2 
148 
71 
179 
184/25 mm. 
78/0.05 mm. 
174-175 

d 

0.8773 (20°) 

0.8884 (20°) 
0.8684 (20°) 
0.8545 (20°) 
0.8545 (20°) 
0.8332 (20°) 
0.8595 (20») 
0.8469 (20°) 
0.8564 (20°) 
0.8386 (20°) 

0.9352 (20») 
0.8527 (20°) 
0.8460 (20°) 
0,8473 (20°) 
0.8539 (20°) 
0.8471 (20°) 
0.8430 (20°) 
0.8452 (20°) 
0.8516 (20°) 
0.8507 (20°) 
0.9478 (20°) 
0.8695 (20°) 
0.8752 (20°) 

1.0156 (20°) 

1.0503 (20°) 
0.9096 (20°) 

1.022 (23°) 
0.9741 (20°) 
0.9516 (20°) 
0.9309 (20°) 

0.973 (22°) 
0.8881 (20°) 
0.9026 (20°) 

0.7741 (20°) 
0.794 (25°) 

0.820(25°) 
0.896 (25°) 

0.8014 (20°) 

1.4595 (20°) 

1.4427 (20°) 
1.4489 (20°) 
1.4380 (20°) 
1.4438 (20°) 
1.4339 (20°) 
1.4494 (20°) 
1.4412 (20°) 
1.4480 (20°) 
1.4375 (20°) 
1.494 (20°) 
1.5030 (20°) 
1.4474 (20°) 
1.4424 (20°) 
1.4436 (20°) 
1.4414 (20°) 
1.4415 (20°) 
1.4404 (20°) 
1.4427 (20°) 
1.4603 (20°) 
1.4527 (20°) 
1.4916 (20°) 
1.4423 (20°) 
1.4599 (20°) 

1.5608 (20°) 

1.5885 (20°) 
1.5007 (20°) 

1.4423 (20°) 
1.4588 (20°) 
1.4460 (20°) 

1.4436 (20°) 
1.4670 (20°) 

1.4078(20°) 
1.4190 (25°) 

1.4363 (25°) 
1.4000 (25°) 

1.4295 (20°) 

References 

(202) 
(2) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200) 
(200, 201) 
(200) 
(200) 
(200) 
(200) 
(200) 
(202) 
(201) 
(201) 
(200, 201) 
(200) 
(202) 
(200, 201) 
(200) 
(202) 
(201) 
(200) 

(100) 
(44) 
(119) 
(116) 
(119) 
(119) 
(119) 
(119) 
(3) 
(27) 
(27) 
(30, 32) 
(27) 

(28) 
(3) 
(27) 
(29) 
(91) 

(27) 

(130. 155) 
(155) 
(155) 
(130) 
(156, 157) 

(155) 
(155) 
(155) 
(198) 
(37) 
(37) 
(37) 
(199) 
(55) 
(69, 79, 112,'l81, 
(143, 169) 
(79) 
(193) 
(193) 
(13) 
(33, 179) 

185) 
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TABLE 12 (Continued) 

Compound 

Duilaianes: 
[(C.H.)iSiHJ.NH 
[CHi(CiH1)ISi]1NH 
KCiHi)i8i]iNH 
KCHi)iSiCHiSi(CHi)iliNH... 
[(CtH.).SiCH,Si(CiH.)i]iNH.. 
|(CiH7)iSiCH.Si(CiH7)i]iNH.. 
[(CH1)ISiCHiSi(CtH1)I]INH. 
[CiHi(CH:)iSi)iNH 
[(CiHi)iSi]iNH 

((p-CHiCiH<)iSi]iNH 
1[P-(CHOiNCHi]1SiIiNH... 
[(CHiO)iSiliNH 
[C1Hi(CHiO)ISiIiNH 
((C1HiO)1SiIiNH 
I(l»o-CiH70)iSi]iNH 
[(IBO-CIHTOIISINHIIINH 

[(CH1O)1SiIiNH 
[(HrJ-CH1O)1SiNHiIiNH 
|(CHiO)i8i].NH 
|(CHi)iSi)(CliSI)NH 
|(CHi)iSi](CliSi)NCHi 
(CliSi)iNH 

Tritilylamintt: 
(HiSi)1N 
(D1SOiN 
(H1SiCHOiN 
[(CHi)1SiIiN 
(Cl1Si) iN 

Cyclosilazanen: 
((CHi)iSINHli 
[(CHOiSINCHi], 
1 ( C H I ) C I H I S I N H ] 1 . . . ; 
[(CHi)iSiNHli 
[CHi(CHOSiNH]I 
[(CHOiSiNH]I 
[(l»o-CiHiO)iSiNH]i 
[(CH1O)ISiNH]1 

[(HrI-CH1O)ISiNH]I 
[(CHiO)iSiNHJi 
[(CH0!8iNH]i 
[(CHOiSiNH]I 
[(i»o-CH70)i8iNH]i 
[(CHiO)iSiNHli 

8ilylamtde8: 
(CHi)1SiNHCHO 
(CHOiSiNHCOCHi 
(CHi)1SiN(CHi)COCHi 
(CHO1SiNHCOC(CHO=CHi. 
(CHO1SiNCO(CHi)1CHi 

I I 
(CHOiSiNHCOCtiHn 
(CHO1SiNHCOC1Hi 
(CHOiSiNHCONHi 
(CHi)1SiNCHiCONHCHi. . . . 
(CHO1SiNHCOCHi 
W-C1HiO)1SiNCO(CHi)1CO. . . 

I I 

Tetrakis(triethylsilyl)urio acid 

Melting 
Point 

8 C 

175 
235-238 
223-224 

- 1 0 6 . 7 

- 1 0 7 
70-71 
44-48 (78) 

- 1 0 
249-250 

- 4 1 
115-11« 
213.5 

189-190 

97 
16 

128 

52-54 

65-68 

118-120 
160-171 
77-79 
159-163 
65-67 

43 

Boiling 
Point 

0C. 

102-103/50 mm. 
111-112.6/40 mm. 
100/1 mm. 
93/2 mm. 
188/2 mm. 
214-216/2.5 mm. 
256-267/3.5 mm. 
128-129/2-3 mm. 

95-97/8 mm. 
92-95/0 mm. 
115-116/10 mm. 

210-211/14 mm. 
162-163/22 mm. 
261-266 
70-72/24 mm. 
76-77/27 mm. 
34/3 mm. 

52 

108 
76/J2 mm. 

188 
190-193/11 mm. 
112-115/13 mm. 
150/10 mm. 
218-220 

147 
245-250/12 mm. 

225 
190-192/10 mm. 
191 

84-85/0.1 mm. 
185-186 
48-49/11 mm. 

77-81/6 mm. 

200-205/0.04 mm. 

d 

0.8035 (20°) 
0.8316 (20°) 

0.8352 (20°) 
0.8860 (20°) 
08641 (20°) 
0.8022 (20°) 
0.9850 (20°) 

1.124 (15°) 
1.003 (15°) 

0.9513 (20°) 

0.895 ( -106° ) 

0.8635 (20°) 

0.9196 (20°) 

0.9287 (20°) 

0.9521 (20°) 

'ID 

1.4340(20°) 
1.4423 (20°) 

1.4478 (20°) 
1.4809 (20°) 
1.4725 (20°) 
1.4731 (20°) 
1.5384 (20°) 

1.4240 (20°) 

1.4545 (20°) 

1.4448 (20°) 

1.4564 (20°) 
1.4670 (20°) 

1.4769 (20°) 

1.4379 (24°) 
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