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I. INTRODUCTION 

A. SCOPE OF REVIEW 

The chemistry of the silicon-nitrogen compounds 
embraces both inorganic and organic chemistry. This 
review, although attempting to bridge both fields of 
Chemistry, emphasizes the organic nature of this class of 
compounds. 
This paper reviews publications through December, 

1959, with a few important references from papers pub- 
lished in 1960. The silicon pseudohalides (cyanides, iso- 
cyanates, and isothiocyanates) and silicon nitrides, the 
chemical behavior of which differs from that of other 
silicon-nitrogen compounds, have been excluded. The 
pseudohalides have been reviewed elsewhere (4, 132). 
Reactions are given in tabular form where appropriate 
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and the physical const'ants of the silicon-nitrogen com- 
pounds are summarized. 

B. NOMENCLATURE 

The Committee on Nomenclature of the American 
Chemical Society and the Commission on the Nomen- 
clature of Organic Chemistry of the International Union 
of Pure and Applied Chemistry have adopted a system 
for naming organosilicon compounds. For a detailed 
presentation of this system, the reader is referred to the 
articles by Crane (48, 49). For convenience, a short 
resume of the rules for naming silicon-nitrogen com- 
pounds is included here. Specific examples are summa- 
rized in table 1. 

Compounds derived from the structure HaSiNHI are 
361 
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Si-N-Si Refer- Bond N-Si-N 
Distance' I z:ii 1 Bond Angle 1 enae 

TABLE 1 

Nomenclalure of silicon-nitrogan compounds 

Formula I Preferred Name I Other Nsmea In the Literature 

(HaSi)aN ..................................... 
(Hi8i)rNCHa. . . . . . . . . . . . . . . . .  
HaSiN(CHih. ................................ 
[(CH:)rSiJiN. ................................ 
(CrHi):SiNHa.. . ........................ 
(CaH1)iSiNHCrHI. ............................ 
(fsrl-C~Hi)rSi(NHr)r. .......................... 
(CrHi)rSi(NIICHi)r. . . . . . .  . . . . . . . . . . . . . . . .  
CrHiSi[N(CHi)rJi. . . . . . . .  . . . . . . . . . . . . . . . .  
[(CHdrSilrNH.. ......... ................ 
[(CeHddi JrNCHa. .............. 
[(CHa)rSiNHJr. .............................. 
I (CIHI) k3i N HE.  ................ 
(CHa)BiNHNHCaHs. ......................... 

Trisilylsmine 
N-Methyldbilamne 
N,N-Dimethylsilytsmine 
Tria(trimethylsily1)smine 
Triethylsilylamine 

N-Ethyltriethylailykmine 

Di-led-butylsilanedkmine 
Bis(methylamino)dietbylsilane 
Tris(di,methylamino)ethylsilsne 
Hexamethyldisilasaae 
N - M e  thyihexaphenyldiailarane 
Hexamethylcyclo trkhrsne 
Octaphenylcyclotetrilanane 
N-(Trimethylailyl)-N'-phenylbydrsilne 

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 Hai -  
(NHSiH2) ,NHSiH3. Compounds of this series are called 
disilazanes, trisilaeanes, 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 silaeine, with the former being preferred. 

Compounds of the type (H2SiNH), 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. 

11. PHYSICAL PROPERTIES OF SILICON-NITROQEN 

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, lSO), trisilylamine is a co- 
planar molecule, as is tri(methylsily1)amine (57). Tris- 
(trimethylsi1yl)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 (d,-p, 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-diff raction data, hexamethyl- 
cyclotrisilazane and octamethylcyclotetrasilazane have 

Dkiiylmethylsmine 
Silyldimethylamine 

Triethylaminoailane, triethylrilarsne, 

Triethyl-Nathylaminosilane, Nathyl- 

Di-lsrl-buty ldismlnosilane 

triethylsiliaylsmiae 

(triethybilyi)amine 

&Si SiHa 

'N/ c) H'sviH' - 
&HI $iHI 

been assigned nonplanar structures (220). However, 
Kriegsmann (109) has studied the infrared and Raman 
spectra of hexamethylcyclotrisilazane and assigned 1~ 
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 pKb has not been 
determined because of facile cleavage of the silicon- 
nitrogen bond by acidic reagents. Neither trisilylamine 
nor N-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). 
N,N-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: 

(CH3)aN > HsSiN( CH& > (HsSi),NCH, - (HaSi)aN 

This decrease in brtsicity as methyl groupswe replaced 

TABLE 2 

Bond dishnces and bond angles for si l icon-nhgen compounds 

[(CRahSiNHIi.. 1.78 * 0.03 111 a5 6' 117 I 4 O  (220) 
123 a5 4" (220) [(CRi)rSiNH14 . . - 

(HrSi)rN.. ...... 1.738 * 0.020 119.6 zk 1.0' (89) 
[(CHs)1SiJrNH. . 1 - I 1 131' 1 (108) 
- 

* Cslculsted: Si-N. 1.80 A.; Si=N, 1.62 A. (89). 
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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 (methy Isilyl) amine nor N-methyldi (me thylsily1)- 
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.-l 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 N-methyldisilylamine (58). 

Dipole moments of some silylamines have been meas- 
ured : hexamethyldisilazane, 0.67 D (145) ; N-methyl- 
hexamethyldisilazane, 0.44 D (145) ; trimethyl-N-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. 

111. 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 siliccm-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). 

RISiCl + SR’NH, e RsSiNHR’ + R’NHaCI 

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) * 

HaSiCl + NHa + (H&N 

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

&Sic1 + CHaNHS -+ CH,N(SiH& 

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). 

CH,SiH&l + NH: 4 (CH,H*Si),N 

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. 

( CH3)3SiC1 + NHI -+ (CH&SiNHSi( CHI): 

Attempts to obtain tris(trimethylsily1)amine directly 
failed (169), even at 500°C. 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. 

[( CHa)rSi]lNLi + (CHs)aSiCl -+ [( CHa)aSi]aN 

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

( CHr):SiNHCHI + (CH8)sSiC1 -+ [( CH:)&]tNCHs 

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

(C*Hs)*SiHC1 + NHs -+ [ (CZH&HS~]~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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Haloailane 

HdiCl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DdiCI .............................. 
H1BiBr. . . . . . . . . . . . . . . . . . . , . . . , , , . , . 

CHiSiHaC1. . . . . . . , . . . . . . . . . . . . . . . . . , 
CHdiHaI. . . I . . . . . , .  . . . . . . . . . , . . . . . . 
(CH3iSiCI. I . . . . , . . . . . . . . . . . . . . . . . . . 

(CHi)rSiCHiSi(CHi)iBr. . . . . . . . . . . . , , . 
(CaHhSiHCI . . . . . . . . . . . . . . . I . . . I . . . , 
(CHi)aCiHsSiCI. . . . . . . . . . . . . . , . , . . , . . 
(C:HI)ICH.S~CI. , . . . . . . I I . . . . . . . . . . I . 
(CH1)aCaHsSiBr. . . , . , . . . . . . . . . . . . . . . . I 
(CaHi)&iCI. . , . . . . . , . . . . . . . . . . . . . . , . . , 

(C1HI)iSiBr. . . . . . . . . . . . . . . . . . . . . . . . . . 
[CHiCH(CI) ](CaHi)aSiCI.. . . . . . . ; . . . . . . 
[ClCHiCHa](CrHi)aSiCI. I . , . . . . . . . . . . . . 
(CiHr)(CHi)(CiHi)SiCI. . . . . . . . . . . . . . . . 
(CiHiCHa)(CHi) (CrHdSiCI . . . . . I . . . . . . 
(CrHI),SiCHaSi(CaHI)aBr. . . I . . . . . . . . . . . 
(CIHI)ISICI.. . . . . . . . . . . . . . . . . . . . I . I I . . 

(CIHI)IS~CH~S~(CIH~)~B~. , . . . . . . . . . . I . I 

(CcHdiBiCI.. . . . . . . . . . . . . . . . . . . . . . . . . . 

(CIH,)iSiCHrSi(C~H,)aBr. . . I . . . . . . . . . I 
(CtHdaSiCI.. . I . .  . . . . . . . . . . . . . . . . . . . . . 

(CtHI)iSiBr .......................... 
(CaHr)iSiF. . . . . . . . . I , . . . . . . , . . . . . . . . . 
[P (CH$~NC~HI]~S~CI .  . . . . I . . . . . . . . . . . 
(pCHICi&)rBiF. . . . . . . . . . . . . . . . . . . . . . 

RALPH FESSENDEN AND JOAN SEARING) FESSENDE1N 

TABLE 3 
Sylheais oj silieonlritrogen compounds from nwnoholasilcrnss 

Amine 

NHi 
CHINHI 
CaHsNHa 
(CIIdrNH 
NHI 
NHI 
CHI": 
(CIIdrNH 
NHI 
CHI": 
(CH1)rNH 
NHI 
CHINHY 

(CHi);NH 
CiHsNHi 
(CaHdaNH 
CHI=CHOC(CHI)INH, 
fed-CcHvNHa 
CEHINH: 
ICHdrSiNHCHi 

U 

AgOSOaNHa 
NHaCHrCOOCiHi 
NHrCHrCOONs 
CHiCONHa 
NHa 
NHI 
NHI 
NHI 
NHI 
NHI 

CHiNHa 
(CHdrNH 
CaHsNHa 
(CaHdiNH 
CaHsNHCHaCN 
CsHiNHi 
CeHsCHaNHi 
CoHrCH(CHi1 NFh 
P-CHICIHINHI 
AgOSOrNHi 
CaHsNHa/Li 
NHi 
NHa 
pCHiCsHeNHa 
P-CHIC~H~NHI 
NHI 
NHI 
CHI": 
(CHI)," 
CaHsNHa 
(CrI1i)rNH 
CIHINH~ 
iao-CiHINHr 
NHI 
N HI 
CHINHI 
CaHiNHr 
(CrHdrNH 
CtHrNHr 
iso-CiH7NHa 
C4HoNHr 
NHi 
NHi 
CIHINHI 
(CcHo)sNLI 
CHICONHI 
CaHiNHi 
NHi/Li 
(CoHdiNLi 
NHi 
NHi/Li 

Product 
I 

Yield 

per e a r  
80 
86 - - - 
84 - - 

66-70 
65 
80 

4s-70 
38-55 

40 

25 

66 

60-80 
61 
60 
8.5 
48 

84 

- 
a2 

- 

a4 

a4 

- - 
63 
68 
70 

70 

113 

- 
- 
- - - 
40 
72 - - - 
87 

88 
60 

- 

- - 
61 
88 

70 
65 
78 
64 
74 
72 

ao 

- - - - - - - 
80 

66-85 
10 

66-86 
32 
20 
85 
23 

- 

- 

Refemnow 
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TABLE 3 (Continued) 

Haloailane 

(o-CHiCaH4)iSiCI. . . . , . , . . . . . . . . , , . , . 
(l-CmHi)aSiF, . . , . . . . . . . , . . , . . , . , , , , , 
[(CsHd~OeltSiBr. . . . . . . . . . . . . . . . . . . . 
(CHiO)&iCl. , . , . . , . . . , , . . . . . . , . , , , , , 
(CH1O)r(lerl-C4HoO)SiCl. . . . . . . . . . , . . . 
CiHo(CHi0)sSiCI. . . . . . . . . . . . . . . . . . . . 
(CrH6O):SiCI . . . . . . . . . . . . . . . . . . . . . . . .  

(iso-CrH7O)rSiCI. . . . . . . . , . . . . , , . , , , , , 
(iso-CIHi)a(lerl-C~HoO)SiCl. . . . . . . , . . . . 
(C4HoO) 1SiCI. , . . . . . . . . . . . . . . . . . . . . . . 

(sec-C4HoO)lSiCl. . , . . . . . . . . . . . . . , , . , 

(C4HoO) (terl-C4HoO)tSiCl. . , . . . . , . . , . 
(ferl-C4HoO)rSiCI. . . . . I I . I . , , . . . . . . . . . 
(Ierl-Ct€IoO)~(CH:O)SiC1. . . . . . . . . , . . . . 
( l s r f - C ~ H ~ O ) r ( C ~ H ~ O ~ S i C l .  . . . . . . . . , . . . 
(ls~-CtHoO)r(iao-CiHrO)SiCl. . . . . . . ~ . . 
(C1HIO)ISiCI ........................ 

[(CHdrNlrSiCI . . . . , . , , , , , . , , . . , , , , , , 
[ ( C I H ~ I N  ]rSiHCl. . , , , . , , . , , . , , . , , . . , 
[(CsHhN JrSi(CH1)Cl. . . , . . , . . . , . , , , , , 
[(CrHhN IrSi(CrHdC1. . , . . . . , . . . , , . , , 
I(C*HdrN ]:S~(CIHT)CI. , , , . . . . . , . , , . , , 

[(CrHdrN]:SiC\. . . . . . . , . , . . . , , . . . . , . . 
(ferf-C4H,NH)sSiHCl. . I . . . . . . . . . . . . . . 
(L~~~-C~HONH)IS~(CHI)CI .  . . . , , . . . . , . . , 
(ferl-C~HoNH)rSi(CrH,)Cl. . . , , , , , , , . . , 
( L ~ ~ I - C ~ H ~ N H ) I S ~ ( C ~ H T ) C ~ .  . . . . . . . , , . . . 

[CHY(CHY)~N J1SiC1.. . . . . . . . , , I , . , . . . . 

Amine 

(C4HdrNLi 
NaNHI or NHI/Li 
NHI 
NH; 
NHI 
NHI 
NHI 
(CHI) INK 
NHI 
NHI 
NHI 
CHINHI 
CtHiNHt 
(CrHdrNH 
CHtCHiNH 
U 

CsHiNHt 
C~HDNHI 
CsHlNHs 
NHI 
NHI 
NHI 
NHI 
NHI 
NH: 
NHI 

NHs(CHi)sNHr 

(CH1)rNH 
(CrHdrNH 
(CsHr)1NH 
(CsH8):NH 
NHI 
(CiHdsNH 
(CtHdr NMgBr 
~~O-CIHINHI 
(CrHi)rNMgBr 
tcrl-C4HoNHr 
Ierl-CaHoNHi 
terl-C;HoNH; 
NH: 

Product 

silylation of the nitrogen. Both ethyldimethyl- and di- 
ethylmethylchlorosilane yield the corresponding di- 
silazanes when treated with ammonia (179). Dimethyl- 
phenylbromosilane also gives the disilaaane 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, l69), the disilazane being the minor product (169). 

(CzHs);SiCl + NH: --$ (CZH&SiNHn 

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

Yield 

psr ceni 
56 
50 
90 
35 - - 
58 
71 

78 
- 
8a - - 
45 - 
- - 
57 - - 
86 
03 
55 
61 
90 

80 
- 

- 
89 
18 
4 

69 

32 
e4 
53 
95 
48 
13 
70 
88 
73 
2 

42 

a 

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

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

(C,H,):SiCl + NH8 --t (C4Ho)aSiNH, 

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

RsSiCl + R‘NHn -+ R,SiNHR’ 
RsSiCl + R:NH -+ R,SiNR: 

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

(CsRs):SiC1 + NH, 4 (CaHr):SiNHt 

(CsHdsSiF + Li/”a -+ I(Cdfd:SilJW 
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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 N-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). 

(CH:O)aSiCl + NHa -t [(CHsO):Si1tNH 

(C4HQO):SiCl + NH, + (C4HpO)rSiNH~ 

The reactions of monohalosilylamines with amihes 
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(dimethy1- 
amino)chlorosilane reacts with dimethylamine in a 
sealed tube a t  100OC. to yield tetrakis(dimethy1amino)- 
silane (27). 

[(CH,)tN]aSiCl + (CH:)zNH -t ((CHs),Nl4Si 

Tris(diethy1amino)chlorosilane fails to react with 
diethylamine or its lithium salt (27). However, when 
the corresponding bromosilane is treated with the 
magnesium salt of die thylamine, te trakis (die thyl- 
amino)silane is obtained (29). 

((CtB&N],SiBr + (GH‘hNMgBr l(C~Hs)tNl& 

The reaction of a chlorosilane with an amino acid 
ester results in the formation of the N-silyl acid ester 
(20, 21). 
(CH&SiCl + NH&H&OOCiHb -t (CHa):SiNHCH&OOC,H, 

The reaction of the sodium salt of the amino acid 
results in the formation of the N-  and 0-silyl derivatives 
(164). With the free amino acid no reaction occurs, 
because of the dipolar form of the amino acid (90). 
(CH:)aSiCl + NH*CH&OONa -t ( CHa)sSiNHCH*COOSi(CHs)s 

The N-carbophenoxyamino acids undergo decomposi- 

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

Amides, substituted amides; and lactams are re- 
ported to give N-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. 

(CH,),SiCl + AgOSOaNH, -t (CH&SiOSOrNHSi( CH& 

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

(C&)&C1 + CHICN + (CHs)aSiCH=C=NSi( CH:)a + NS 

(CH:):SiCH( CN)Si( CH:): + 
(CH:)$i + (CH&3iCN + (CHa):SiCH*CN 

8. From aiholoaihma 
The reaction of a dihalosilane with ammonia or an 

amine results in the formation of a silylamine, a cyclo- 
silazane, or a polysilaeane depending upon the reactanta 
and.the reaction conditions (see table 4). With dihalo- 
silanes in which there is little hindrance, the cycloeila- 
aanes and the polysilazanes predominate as the 
reaction products while, with the sterically hindered 
dihalosilanes, compounds with the diamine structure 
can be isolated. Dilution favors the formation of cyclo- 
silaaane over that of polysilazane. 

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

%SiClr 2 %Si(NH& -.c IkSiNHSiFb 
1 1  

NHa NHi I 

I1 

7 i  R R  
\ ,  

&!iNHSi(RbNH?iIk 

kHt  ‘Si 
IV R &!”R 

\ I  I /  
Si Si I 

1 I11 
Polysilaaanea hSiNHSiFb 

NH NH 

Rn$iNH$iFb 
V 

I 1  

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 

307 

S@hesia of silicon-nitrogen compounds from d~halos&me4 

Haldlanr 

HrBiCL. ...................................... 
CHdiHCb . . . , , . . , . . , . . . . . . . . , . . . . . . . . , , , . , , . , 
(CHa)rBiCt, . . . . . . . . . . . , , . . . . . . . , . . . . , . . . . . . . , . 

(CHa)(CrHa)SiCh .............................. 
(CH:)(CtH:)SiCL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(CrHI)rSiCL.. . . . . . . , . . , . . . . . . . . . . . . . . . . . . . . . . . 

(C~H:)rSiCk.. . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . 
(terf-GHr) (CHa)BiCb. . . , . . . . . . . . . . . . , . . . , . . . . . . 
(tert-CIH:)rBiCL. . , , . . . . , , , , . . . . . . . . . . , . . . . . . . . . 
(~~f -C~H: ) (C~H~)BiCl r .  . , . 
(I~~CC~HI)(CIIH~:)B~CI:. . . . . . . . . . . . . . . . . . . . . . . . . 
(CIHI):BICL ................................... 

. . . . . . . . . . . . . . . . . . . . 

(C:HaCHr)rBiCIr ............................ 

(l-CloH1)1BiF:. . . . . . . . , . . . . . . . . . . . . . . . . . 

Amine 

NH: 
NHa 
NHa 

CHiNHr 
(CHdrNH 
C~HINH: 
CHtCHaNH 
U. 

(CrHdrNH 
C:HaNHr 

NHtCHtCOOCrH: 
NH: 
NH: 
NHa 

(CrHdrNH 

NHa 
NHr 
NHi 
NHI 
NH: 
NHa 
CHaNHr 
CaHiNHr 
CsHiaNHr 
CaHrNHr 
CeH&HrNHr 
CHiCHrNH 
I 

CHiCHCHrNH 

NHi 
CsHaNHr 

U 

(CHa0)rBiCL.. . . . , .  . . . . . . . . . , , . . . . . . . . . , . . . . . . . NHi 1 CHtCHrNH 

,(bC:H,O):8iCL.. , , . . , . . . . . . . . . . . I , .  . . . . . . . . . . . NHI 1 -  
(CtHi0)tBiCL. , . . . . . . , . . . . . . . , . . . , . . . . . . . . . . . . , I 

(brl-Cdi10) (CHa0)SiCL. . . . , , , , . . , , . . . . , . . . . , . . , 
(~irf-C~HaO)(CrHIO)BiCL. . . . . . . . . . . . . . . . I . . . . . . . 
(fert-C4HtO) (Iso-CaHtO)BiCt. . . . . . . . . . . , . . . . , . . . . 
(tert-CdH:O) (C4H:O)BiCL. . . I . . . . . . . . . . . . . . . . . . . . 
(terf-ChHrO) (rec-CtHtO)BiCL. . . . . . . . . . , . , . . . . . . . . 
(krt-C4H:O)tBiCir. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 

(fsrf-CIHnO)rBiCL.. . . . I . , . . . . . . . . . . , . . , . . . . . . . . 
(Cd&O)rBiCL. . . . . . . . . . . . , . . . . . . . . , . . . . , , . . . , . . 

NHa 
CHINHI 
CzHtNHz 
CHzCHzNH 
I 

CaHINHa 
C4HoNHr 
CsHiNHt 
NH: 
NHa 
NHI 
NHa 
NHa 
NH: 

[(CrHd:N]rBiCIr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
((CrH3rN](C:H1)BiCIa. , , , . . . . . . . I . . . . . . . . . . , . . . . 
(Lo-CaHvNH) (CnHv) BiCh . . . . . , . . . . . . . , . . . . . . . . . . 
(Isrt-CdbNH) (CaH,)BiCL, , . . . . , . . . . . . . , . . . . . . . . . 
[(CH~(CH~)ICH)~N](CIHI)B~C~~. . . . . . . . . . , . . . . . . . . 
[CIHI(CH~)N](C~H~)BICL. . . . . . . . . . . , . . . , . , . . . . . 
(terf-C1H~NH)r8iCL. . . . . . , . . . . . . . I . . . . . . . . . . . . . . 
[CHr(CHr)4NIrBiCL. . . , . . . . . . . . . . . . . . . . . . . . . . . . . 
- - 

CrHaNHr 
CtHiiNHr 
CsHaNHi 
CaHaCHrNHr 
NHa 
NH: 

(CtHdrNH 
iso-CrHINHi 
iso-CsH,NHr 
~~G-CIHINH~ 
~RO-CIHINH; 

iso-CiHiNHr 
terf-C4H*NHr 
CHr(CHa)tNH u 

Produot Yield 

per cent 

100 
72 - 
- 

- 
- 
39 
20 
66 
62 
48 
70 - - 

81-84 - - - - 
71 
60 
bo 
91 
82 
67 
76 
77 

10 
92 - 
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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 (I11 : R = CHa) and octamethyl- 
cyclotetrasilazane (V: R = CHa) 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 I1 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 = C2HJ and the cyclotrisilazane (IV: 
R = C2Hs) 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 tertbutyl, the condensation 
reactions are bIocked and the silanediamine may be 
isolated in good yield (186). 

(tert-CcH&3iCl* + NHa + (tert-C4H&Si( NH1)Z 

Methyl-, phenyl-, and hexadecyl-tert-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 (11: R = CaH$ (121). 

(C6Hs)SiClt + NHs [(CsHMiNHIi 

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-tert-butoxydichloro- 
silanes (129) yield the corresponding cyclotrisilazanes 
upon treatment with ammonia. Dimethoxydichloro- 
silane was first reported to yield the imide, (CH30)z- 
Si=" (162); however, this has been discounted by 
Larsson, who has suggested that the compound is a 
cyclosilazano (1 20). 

The diisopropoxydichlorosilane with ammonia yields, 
besides the cyclotrisilazane, the diaminodisilaznnc (11: 
R = iso-CoH70) (129). The latter compound may bo 
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. Cyclotrisilaaane 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-tert-butoxydiaminodisilnzane (129, 138) and 
tetra-tert-butoxydiaminodisilazane (I1 : R = terl-C4HpO) 
are obtained. 

As in the case of the tert-butyl group, the presence 
of at least one tert-alkoxy group on the silicon allowe 
the isolation of stable silanediamines (138). Specific 
examples are found in table 4. It is interesting to 
compare the yields of tert-butoxymethoxysilanedia- 
mine (20 per cent), tert-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- 
tert-butoxysilanediamine condenses to yield the cyclo- 
trisilazane (68), while di-tert-butylsilanediamine does 
not (186). 

The action of an amine upon a dihalosilane usually 
results in the formation of a bis(N-substituted amino) 
silane. However, there is one reported case in which 
cyclization occurred. Dimethyldichlorosilane when 
heated with aniline in carbon tetrachloride yields hexa- 
methyltri(N-pheny1)cyclotrisilazane in 65 per cent 
yield (128). The dimethylbis(pheny1amino)silane was 
also obtained when less strenuous conditions were 
employed (128). 

11 

(CH3)63iClt + CsHsNH, -P [( CHs)1SiNC611bll 

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

( 1-CjoH7)&3iFx + C ~ H ~ N H X  4 (1-CIoH,)$3( NHCsH& 

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). 

(C*H&SiClz + (CtH&NH 4 (C,HS)?I(C,HS),NIS~C~ 

When both reactants are very hindered, such as in the 
case of tri(tert-buty1amine)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 polysilazancs. 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 polysilnzancs 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 modificrs (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 

RSiCI, + RlNH -t RSiCIPNR: 

RSiC1,NR: + R:NH RSiCl(NRl)2 

RSiCl(NRl)s + RiNH 3 RSi(NR:)r 

and may result in the formation of the tri(N-substi- 
tuted)silanctriamine. 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 (Si"), (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 (uSizNa) (75). Silicon nitride may 
also be obtained by reaction of nitrogen or ammonia 
with silicon metal a t  1350-145OoC. (18, 75). Here, 
however, both the a- and the p-silicon nitrides are 
formed, with the u-form being favored at the lower 
reaction temperatures (75). From a gaseous, high- 
temperature (825OC.) 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(trichlorosily1)- 
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. 
Triethylsilanc reacts with lithium, sodium, or potassium 
metal in liquid ammonia to yield both the silylamine 
and the disilazane (53, 105). 
(CtH&3iH + Li + NHs + (C2H&SiNHs + [(C&),Si]nNH 

The percentages of the two products formed in this 
reaction are markedly influenced by the metal used. 
Using sodium, 4G 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 disilasane (53). 

Triethylsilane gives no reaction with ammonia at 
80°C. 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). 

(CsR&SiH + Na + NHs + [(C~H&S~]INH 

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

(CsH5)aSiH + LiNHR -t (CsH&3iNHR 

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 B Y  T H E  SILYLAMINE-AMINE 

EXCHANGE REACTION 

The silylamine-amine exchange reaction has been 
widely utilized for the preparation of silylamines. 
It would appear that the success of this reaction is due 
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Hdorllsne 
-~ ~ 

HSiCL.. ............................ 

CHBiCI:. . . . . . . . ,. . , . . . . .. . . . . . . 

CrHiSiCl: ............ ,.......... . . .  

CiHiSiCI:....... .................... 

CIHtSlBrr.. . . . . . . . . . .  ............... 

C:HWiTr . . . . . . . . . . . . ,  ............... 
CsHuSiClr.. . . . . . . I . .  . . . . . . . . . . . . . . . 
1-CIaHtSiF:. . , . , . . . . , . . . . . . . . . . . . . . 
Ct HmOSiCh. . . . . . . . . . I . . . . . . . . . . . . . . . 

(C:Hd:NSiCII. . . . . . . . . . . . . . . . . . . . . . . 
CH:(CHr)tNSiCI: . . . . , . , . . . . , . . . . . . . , - 

Amine 

NHI 
(C:H:)rNH 
fort-CtHaNH: 
CiHiNH: 
CtHtNK 
U 

NH: 
(CHI):" 
(CrHrhNH 
terl-CIH~NH: 
NHiCHiCOOCrHr 
NHI 
(C:HhNH 
lerl-Ct HoNH: 
CoHiNHi 
CHI": 
(CHdrNH 
C:HINHI 
(CiHthNH 

CrHiNHz 
lao-CiH7NHr 

CtHoNH: 
iso-CtHoNHr 
sec-CIH*NH: 
terf-CcHVNH: 

CIHIINHI 
CH:(CHZ)INH 
L J  

CtHiNH: 
Ca HdCH:) NH 

(CzHdtNH 
(iao-CIHt)rNH 
CsHdCHdNH 
terl-C~HoNH: 
(CiHrhNH 
NH: 
CaHrNH: 
NH: 
CHiNHi 
CrH8NHr 
CiHiNH: 
CIH~NH: 
C ~ I ~ N H I  
CHaCHrNH 
U 

CH:(CHr)cNH - 

Product 

Polysilazane 
HSi [N(CzHdr]rCl 
HSi [NH (tcrt-CtH3 ]rCl 
HSi(NHCiH1): 
SiINCtHtJt 

U 

HSi[NCtHtjt 
U 

Polysilazane 
CHiSi[N(CH:)rli 
CH:Si [N(C:HI):]ICI 

CH&i (0CiHd1 
Polyailazane 
C:H&i [N(C:Hd:]rCl 
C:HsSi [NH(ferl-CtH~)]:Cl 
C:HIS~(NHC~HI)I 
CIHI,S~(NHCH:): 
CiHiSi [N(CH:):li 
CiHtSi [NHCrHr]: 
C:HvSi [N(C:Hr):]:Cl 
CrHiSi [N(CsHd:lCl: 
C:HBi(NHC:&)i 
C:HiSi[NN(iao-C.Hi) ]I 
CiHrSi [NH(iso-C:Hi) ICl: 
CiHBi(NHCcHo): 
CiHiSi [NH(iao-CtHs) 11 
CaHtSi [NH(~~c-CIHO) 11 
CtHiSi INH(lertCIHa)]:Cl 
CiHiSilN€I(tert-CtHc) ]CIS 
CIH~S~(NHC~HII ) :  
C:HtSi [N(CH:)ICHI]I 

CHBI[NH(~~~~-CIHI ) ] ICI  

C:H7Si(NHCsHs)r 
CIH~S~[N(CHI)C~HI]: 
CzH7Si [N(CHI)C~HI]CI: 
C:HISi [N(CtHI)t]: 
C:HlSi [N(iao-CiH~)z]Bn 
CrHtSi [N(CHi)CaHslzBr 
CiHtSi [NH(tsrt-CcHo) ]I 
ClsH'iSi [N(CrHdt I: 
Polyailsasne 
I -CIOH~S~(NHC~H~) :  
Polyailsssne 
CtHpOSi(NHCH:): 
CIHIOS~( NIICzHs)& 
CtHoOSi(NHC:Hi)r 
CIH oOSi(NHCtHv) I 
C4HoOSi(NHCaHa): 
(CzHdrNSi [NCHtCHrl: 

U 
[CHz(CHr)tN]rSiClr u 

Yield 

per Mnt - 
- - - - 
- 
- 
83 - - - 
95 - - 
72 
88 
74 
93 
73 
72 
90 
80 
63 
77 
81 
08 
81 
07 
77 
08 

85 
35 
11 
60 
08 
30 
85 - 
- 
100 

51 
- 
- 
- - - - 
- 

Referenasr 

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'NHt # RSSiNHR.' + R'NH, 

The exchange reaction is acid catalyzed, with both 
ammonium salts (1 15, 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-butyl (50), have also been used but have not been 
extensively studied. Silanediamines and silanetriamines 
with N-methyl and Nethyl substitution give good 
yields in the exchange reaction (118, 119,201). 

Hexaphenylcyclotrisilazane reacts with aniline to 
give the N-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,)IS~]QNH + BRNH, + 2(CH&SiNHR + NH, 

The succew of the exchange reaction requires that 
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TABLE 6 

Sgttthis of siliwn-nitrogen compoundd from letrahulosilanes and higher halosilaws 

Hdoril.nr 

SiCld. . 9 . . . . . . * . . . , , . . . , . . a . . . . . . . . . . . . . , , . , . . 

,%Bra... . ..................................... 
(C1rSi)rO.. . . . , . . . . . . . . . , . . . . . . . . . . , . . . , . . . , . . . 
(CbSi):.. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Amine 

NHa 

(CHdrNH 

CaHrNHr 
(CaHdrNH 

(~~o-CIHI)INH 

lert-CtHrNHr 

(iso-CdHo)aNH 
CHx(CHa)tNH - 
C4HiNK 
I 

CsHr(CrHr)NH 

CiHsNHa 

0- CHaCsHiNHr 

P -CHIC~H~NHI  
I-ClaII7NHa 

Z-CIOH~NH~ 

NHaCHaCOOCrHr 
NHI 
N Ha 
(CxHdrNH 
NHr 

Product 

Polyiilazane 

[(CHa)aN]tSi 
[(CIWzN ]:Sic1 
[(CHr)aN]zSiCIr 
CaHINHSiCla 
[(CaHdaN jaSiClr 
(Cr HhNSiCL 
[(iso-CtH7)~N lrSiClr 
(iso-CaNi)rNSiCla 
terf-CdHoNHSiCla 
(ferf-C4HoNII)rSiClr 
(ho-C4HdtNSiCh 
CHr(CHx)4NSiClr u 
IC4H4NjrSi 

[CsHs(CiHd NlxSiClx 
CsH~(CiHa)NSiClr 
(CsHsNH)&i 
(CsHsNI1)zSiCla 
(O-CH:C~H~NK)~S~ 
(o-CHiCoH4NH)rSiCL 
( P - C H I C I H ~ N H ) ~ ~ ~  
(1-CiaHTNH)tSi 
(1-CioHINH)aSiClr 
(Z-CioH?NH)&i 
(2-C1oH7NH)tSiClr 
(CjH10)di 
Polysilazane 
Polyeilasane 
( [(CzHs)rN]aSi) YO 
Polyeilasane 

U 

Referenow 

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 B Y  MISCELLANEOUS METHODS 

I. By basic cleavage 
Sodium amide cleaves chloromethyltrimethylsilane 

TABLE 7 
SytwIssis of silicon-nitrogen compounds from compounds conlaining a silicon-hydrogen band 

HSiCb.... ,. . . . . . . . ..... ..., - .  . . . . . . . . 

(CiHSrSiH.. . . . . . . . . . . . . . . . . . . . . . . . . 

(CeHdaSiH. . . . . . . . . . . . . . . . . . . . . , . . . . . . 

Amine 

CdHrNK 
U 

NHr/Li 

NHr/Na 

NHr/K 
CaHbNHz/K or Li 
(CaHrhNH/K 
CrHiNHr/K 
I~o-C:H~NH~/K 
(iso-CaH,)rNH/K 
terf-C4HoNHa/K 
( C I H ~ ~ N H / K  
CaHL!(CHa)aNHr 
CeHaNHa 
(CrHdaSiNHa 
NHa/Ns 
(CHr)rNLi 
(CrHdrNLl 
(CaHdxNLi 

Product Yield lteferenoer 
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TABLE 8 

SyruUsis of e i l icon~i l rogen compmnda by Ue si1 ylumine-umine ezchange reaction 

Silylsmine 

(CHr)rSiNHCHi. . , . . . . , , . . . 

(CHi)~SiNH(lsrl-CcHi). . , , , . . . , . , . , . , . . 

(CrHi)rSiNHr. . . . . . . . , . . . . . . . . . . . . . . . . 

(CrHdiSiNHCrHI , . , , , . . . , . . . , . . . . . . . , 

(CrH7)rSiNHr. . . . . . . . . . . . . . . . . . . . . . . . . 

(CiH7) iSiNHCiH7. . . . , . . , . . . , , . . . , . . . 
(CdHdrSiNHr. . . . . , , , , . . . , , . . . , , , . . . . . 
(CdHdrSiNHCHi. . . . . . , , . , . . . . , , . . . , , 

(C HI)rSi( NHCrHi) I .  . , , . , . . . . . , . . . , , , , 

(CHr)rSi[NH(Lerl-C4H,) 11. . . I . , . . . , . . . . 
(Cd3tO)rSi(NHCrHdr. . . . . . . . . . . . . . . . . 
CrHrSi( NHCHr)r. . . . . , , , , . . . . . , . , . , , , . 

CIHIS~(NHC~HI)~ .  , , . . . , , . . . . . . . . . . . . 

Cd3iOSi(NHCrHI)r. . . . . . . . . . , . . . . . . . . . 
[ (CHI)IS~]~NH . . . . . . . . . . . . . . . . . . . . . . . 

[ (CiHi)rSiNH]r. . . . . , . . . , , . , . . , . . . . . . , 

Amine 

NHrCONHt 
CHi=CHO(CHr)rNHr 
CHr=CHO(CHr)iNHCHr 
CiHiNHr 
CsHirNHr 
CiHiiNHr 
CHdCHhCHNHr 

CsHiNH: 
o-CHaCaH4NHr 
P-CH~COHINHI 
CeHbCHtNHr 
2-Aminothiazole 
Uric acid 
(CHdiCHCHrCH(NHi)COOH 
CiHirNHi 
CiHiiNHr 
CIHSCHINH: 
CsHiCHiCHiNHr 
CiHaCH(CH:)NH: 
CIHINHI 
CsHaCHrNHr 
CiHiCHtCHrNHr 
COHICHSNH: 
CsHiNHt 
COHICH~NHI 
CiHirNIIi 
CsILCHiNHr 
CHr=CHO(CHr)iNHr 
CsHICHrNHr 
C4HiNHr 
CiHiiNHr 
CiHiNHi 
CrHiiNHt 
CsHitNHt 
CHr(CHthCHNHr - 
CsHaCHrNHr 
CeIIiCHiNHr 
CHi=CHCHiNHr 
C4HiNHi 
CrHiiNHr 
CsHiNHi 
CdHdNH 
I 

CsHaCHiNHr 
CeHsCHrCHrNHr 
NHrCHrCOOH 
NH:CH(CHr)COOH 
NHrCH [CH(CHr)t]COOH 
NHiCH [CHrCH(CHi)rlCOOH 
NHdOrNHr 
CsHrSOrNHt 
(CsHsOhP(0)NHr 
(CsHrO)P(O) (NHr)r 
CiHiNHr 

(apparently with rearrangement) to yield N-methyltri- 
methylsilylamine, which in turn undergoes condenea- 
tion to N-methylhexamethyldisilazane during isola- 
tion (143). If (a-chlorobensy1)trimethylsilane is treated 
with sodium amide in liquid ammonia, hexsmethyl- 
disilasane and stilbene are obtained (88). 

(CH,),SiCH,Cl + Ne”, + (CHs)aSiNHCH, 

( CH,)*SiCH( CI)Cdi, + Ne”, -+ 

[(CH,)rSi],NH + C6BsCH==CHCc” 

Product 

[(CH:):SiNH]tSOr 
CsHrSOzNHSi(CHa)r 
(Cd~6O)YP(O) NHSi(CHi)i 
(CsHsO)P(O) [NHSi(CHr)i]r 
(CHdgSiNHCONHr 
(CHr)rSiNH(CHr)rOCH=CHr 
(CHdaSiN(CHs) (CHr)rOCH=CHr 
(CzHs)rSiNHCcHg 
(CrLId sSiNHCsHir 
( C Z H ~ ~ S ~ N H C ~ H I I  
(CZH~)IS~NHCH(CHI)~CH: 

(CrHa)rSiNHCaHI 
(CtHa) rSiNH(CsH4CHro) 
(CzHs)aSiNH(CaHcCHrp) 
(CrHr) rSiNHC HiCsHi 
2-(C:Ha)tSiNH-thiaaoie 
Tetrakis(triethylaily1)uric acid 
( C ~ H ~ ~ ~ S ~ N H ~ C H C H ~ C H ~ C H ~ ~ ~ I C O ~ S ~ ( C ~ H I ~ ~  
(CrHdrSiNHCsHir 
( C Z H ~ ~ S ~ N H C ~ H I I  
( CiHs) ISINHCHiCaHi 
(CIH~)IS~NHCH:CH~C~HI 
(C,Ha)rSiNHCH(CHI)CsHs 
(CaHi)rSiNHCsHi 
(CIHi)aSiNHCHzCsHr 
(CaHi) :SiNHCHtCHrCe€la 
(CIH~)IS~NHCHIC~HI 
(CdH,d:SiNHCaHi 
(C~HD)~S~NIICHYC~HI  
(CHI)ISi(NHCiHia)r 
(CHI)zSi(NHCH:CsHr)r 
(CHdzSi INH(CH:)zOCH=CHr]r 
(CdHoO)zSi( NHCHiCaHr): 
CrHiSi(NHC~Ho)r 
C:HiSi(NHCaHii)r 
CtHiSi ( NHCsHr) r 
CIHiSi(NHCaHii)I 
CIHiSi(NHCsHir)r 
CrHiSi [NHCH(CHr)~CHr]r 

L J  

C:HiSi(NHCHzCsHr) I 
CdHoOSi(NHCHaCsHa) I 

(CHa)rSiNHCHzCH=CHr 
(CH~):SiNHCd~v 
(CH:)iSiNHCaHn 
(CH:)rSiNHCaHa 
(CHI) sSi [NCaHd] 

U 
(CHI)iSiNHCHrCsHI 
(CHr)rSiNHCHrCoHs 
(CHa)rSiNHCHtCOOSi(CHI)i 
(CHI) ,SiNHCH(CHr)COOSi(CHr)r 
(CH:)rSiNHCH ICH(CHr)r]COOSi(CHr)i 
(CHdISiNHCH [CHiCH(CHr)r]COOSi(CHl)r 
[ (CHI)~S~NH]~SOI 
(CHdrSiNHSOrCoHI 
(CHdrSiNHP(0) (OC0Ha)r 
[(CHI) rSiNHlrP(O) (OCsHd 
(CsHa)zSi(NHCsHdr 

I 

Yield 

per eenf 
85-90 

85 
88-90 

85 - 
- 
- 
72 
83 
95 
72 

61 
- 
- 
52 

90 
47 

- 

- 
- 
- 
- 
- 
75 
80 
87 
81 - 
- 
66 
84 

71 
70 

65-71 
78 
30 
75 
83 

77 
67 

43 
61 

- 

- 

- 
61-64 

- 
- 
66 
67 
77 
82 
86 
70 
93 

76-86 
70 

Both tetraphenyl- and tetrabenzylsilane undergo 
complete degradation with potassium amide (84), 
while trimethylphenylsilane and benzyltrimethylsilane 
yield the disilazane (87). 
(CHr)iSiCH,Cr,Es + KNHz -+ [(CH,),SilrNH + CsH‘CH: 

Not only are certain silicon+arbon bonds susceptible 
to cleavage by strong base, but hexamethyldisiloxane 
also undergoes reaction with sodium amide to yield 
the disilasane (97). 
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(CH,)SiOSi(CH;); + NaNHl 3 [( CH&Si]lNH + (CHl):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). 

(C6H&S,iLi 4- RlNH -+ [(Ct.H&SiH + RzNLi] -+ 

(C6Hs)sSiNRz + IiH 

It appears that the first step is simple mctallation 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 benzophemme 
ani1 to yield the corresponding silylamine (218). 

( CsH6),8iI< + ( CEH&C=NC& -+ 
Hi0  

( CsHs)rSiN( CeHs )CH( CeHsh 

3. 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(pdimethylaminopheny1)silanol 
with dibutylamine (71). 

[ p( CH:)*NCsEI4]:SiOH + ( C4Ho)lNH -+ 

[p-(CH,)2NC~H~lrSiN(C~Hp)~ + HzO 
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. 

[(CH;);Si]d301 + 3NHa -+ [(CH&Si]2NH + (NH~)zSOI 

6. From silicon disulJide 
Silicon disulfide (Si&) is reported to react with both 

primary and secondary amines a t  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 180OC. 
with cleavage of the carbon-nitrogen bond (26). 

CJ&N(CH;)* + SiBr, -+ CsHbN(CH,)SiBrr + C%Br 

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 8s 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. 

RsSiNH, + H20 -+ R3SiOH + NHa 

2R3SiOH -+ RsSiOSiRs + HtO 

R3SiOH + R3SiNHr -+ R3SiOSiRs + NHa 

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). 
Thc 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 N-substituted trimethylsilylamines 
(14 5). Triethyl-N-methylsilylamine, triethyl-N,N-di- 
methylsilylamine, and N-ethyltriethylsilylamine under- 
go heterogeneous hydrolysis (8) ; however, N,N-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-tert-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(trimethylsily1)amine (79) and hexaphenylcyclo- 
trisilazane (121) are not readily cleaved even under 
acidic homogeneous conditions. 
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The N-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 (b)  the acidity of the attacking 
alcohol (149, 150). The alcoholysis is catalyzed by acid 
(64, 112, 149, 159). The addition of base may increase 

&SiNH, + R’OH -* RsSiOR’ + NHa 

RISWHn + R:SiOH + RsSiOSiR: + 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 N-substituted silylamines with a given 
silanol, Pike has observed that the N,Ndialkylsilyl- 
amines condense a t  a faster rate than do the NH- 
alkylsilylamines (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-tert-butoxysilanediamine. 

(fertC4H90)pSi(NHn)? + ROH --+ 

(terdC4H00)2(RO)SiNHa + NH, 

(krtC,H90)dRO)SiNH~ + ROB -+ 

(1ertC4H90)2Si(OR)z + NH: 

With methanol, two moles of ammonia are liberated a t  
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 a t  all with the second 
(138). With a less hindered silylamine, triphenylsilanol 
has been observed to undergo condensation a t  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). 

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

C. REACTIONS WITH HYDROQEN SULFIDE AND THIOLS 

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

(CaHdrSiNHt + HIS 3 [ ( C I H ~ ~ S ~ S I ~  + ( C B M i S H  

Hexamethyldisilazane reacts with hydrogen sulfide 
with difficulty and trimethyl-N-phenylsilylamine gives 
only 14 per cent of the trimethylsilylthiol (123). Bis- 
(methy1amino)dimethylsilane and hydrogen sulfide (in 
a 1 : 1 molar ratio) yield the silylaminethiol (125). 
(CHa),Si(NHCH& + H B  + 

(CHM(SH)(NHCH:) + CHINHt 

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

(C8H,),SiNH, + CeHsSH + (CaH,)i3iSCsHs + NH, 

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, C1, Br, I): 

RISiNHI + HX + R:SX + NHIX 

Dry hydrogen chloride reacts with trisilylamine 
(195), tri(methylsily1)amine (55), or N-methyldisilazane 
(55, 198) to form the chlorosilane or methylchlorosilane. 
Hydrogen bromide gives similar results (198). 

(CH8SiH&N + 4HC1 + 3CHdiHzCI + NHICl 

The reactions of triethylsilylamine and (a-chloro- 
ethy1)diethylsilylamine 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-cbloro 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-tert-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 

[(CH8):Si]aNH + 2ROH --+ 2ROSi(CH:)r + NH: was obtained (68). 
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Alcohol, Phenol, 
or BUanol Product Yield Refereacei 

(CH:)rBiNHCHi ...................... 
[(CHi)18i]rNH.. . . . , . , . . . . . . , . . . . . , . . . 

(CHi)rBiNHCHr. . . . . . . . . . . . . . . . . . . . 
(CHi)1BiN(CIHda. . . . . . . . . . . . I . . , . . . 
(CHI)&iNHCiHi.. . . . , . , . . . . . . . . . . . 
(CrHI)rSiNHi.. . . . . . . . . . . . . . I . I . . . . . 

CsII6OH (OHdiSiOCaHi 90-96 (13) 
CsHhOH (CHI)IS~OC~HI 90-95 (13, 114) 

(1 14) o-CHICIH~OH (also m- and p) (CHI)IS~O(COH~CIII-O) - 
o-CHiCHrCsH4OH (also m- and p) ( C H I ) I S ~ O ( C ~ H I C ~ H ~ O )  - (1 14) 
2,3-(CHi)rCcHrOH (also 2,4-, 2 , 6 ,  (CH3iSiOCsKr(CHi)r2,3 - (114) 

(114) Z , ~ . ~ - ( C H ~ I C O H ; O H  (CHr)rSiOCsH:(CHd 1-2,4,13 - 
O-CHIOC~H~OH (CHI) rSiO (CsH4OCHro) - (114) 

2 0-, 3,4-, and 3.6-) 

(CSH~I~LNHCIHI.  . . I . , . . . . . . . . . . . . . 
(CiHdiBiNHCiHy.. . . . , . . . . . . . . . . . . . 
(CHI)Y~I(NHCIHI)I. . . . . , . , . . . . . . . . . 
fterl-CtHtO),Si(NHt)a. . . . . . . . . . . . . . . . 

(CHr)iSiNHCcHe ...................... (CaHdiSiOH (CHI) rSioSi(CaH6)1 
(CsHdrSiOH (CHs):SiOSi(CsHi)i 
(CtHdBi(0H)r [(CHdrSiO ItSi(CrHch 
(CsH6)rSi (0 H ) I  [(CHI):P~O~ZS~(COHI)I 

(CHI)IS~OS~(CIHI)~ 
(Cdh) :SOH (CHr)rSiOSi(CaIIr)r 
(CnHs)rSi(OH)i t ( CH:) rSi0 JtSi (CiHs)a 
(CsH1)zSi(OH)r [(C€Ir)iSiO]zSi(CsIls)r 
HO [Si(CHr)rO IIH (CH1)rSiO [Si(CHdrOlrSi(CHr)i 
HO [Si(CaHs)rOlrH (CH .)&io IS~(CH~)YO~ISI(CHI)I 

(CHi)iSiN(CrHda ..................... (CtHdiSiOH 

(CHa)rSiOSi(CsHs)i 

(C,HdrSiOSi(CsHs)i 
(C4Hd rSi0Si (CsHd I 

(CHr)rSiNH(ferf-C4Hi).. .............. (CsHdiSiOH 

(C*Hr)tSiN(CsHdr ..................... (CsHdrSiOH 
(C~HdiSiN(CsHdr. . . . . . . . . . . . . . . . . . . . . (C6HdiSiOH 
(ssc-CtHiO)iSiNHa .................... (aec-C~H,O)BiOH [(sec-CtHoO)rSi ]YO 
(CHi)aBilN(C~Hi)t)r ................... (CaEr)rSi(OH)a 

HO [Si(CH3101iH Polymer 
(fsrt-C~H1O)rSi(NHi)i.. . . . . . . , . . . . . . . . . (CaHdrSiOH 

(CrHt)rSiNHCIHa ..................... (Cs1Is)rSiOH (CY nb) rSiOSi(CsH6) I 

Polymer 

(lerf-CtH~0)rSi(NH1) IOSi(CrHi) 11 

((CHI)ISIIINH.. . . . . . . . . . . . . . . . . . . . . 

43' (149) 
63 (149) 
64 (160) 
87 (150) 
65 (149) 
83 (149) 
54 (150) 
87 (160) 
84 (160) 
70 (150) 
66 (149) 

63 (149) 
30 (149) - (77) 
ea (160) 
88 (160) 
68 (182) 

61-68 (149) 

[(tarl-CtH10)rSl(NHr)iI,NH. . . , . . . . . . 
[(CHhSiNHIs.. . . . I . . . . . . . . . . . . . . . . 

CzHiOIi 
CIH~OH 
CHiOH 
CrHiOH 
CrIIsOH 
CiH7OH 

CtH,OH 
(CHI) rC HC I310 H 
(CHi)aCHCHsCHaOH 
CiHirOH 
CHIOH 
CHIOH 
CHIOH 
CaHiOH 
ClCHrCHrOH 
NCCHYCHIOH 
HzNCHICHIOH 
(CIHI)INCHXCHYOH 
HrNCHaCH(CHdCHI0H 
CHiCH1CH(NHa)CH1OH 
CHrC(NH1) ( C H ~ C H I O H  
HrN(CHr)aNH(CHr)aOH 
CHrOH 
CIH~OH 
CHIOHCHXOH 

~OO-CIHIOII 

EIOCIIrCHaNHi 
CrlIiOH 
CHICHOHCHIOH 
Iso-C4Ii,OH 

iao-C,HiiOH 
CrHiiOH 

CHICHYCH(CHI)CHIOH 
CUCHdsOH 
CHICHYCH(CHI)CHICHIOH 
C7HiaOH 
CiHirOH 
CHr(CHa)rCH(CrHa)CHaOH 
CsHisOH 
CiiHrrOH 
CirHuOH 
2,5-(HO) (CI)C~HICB(CHI)CIHICI-~ 
CiHirOH 
CHtOHCHOHCHrOH 

(CH3iSiOCiHt 
(CHdrSiOCrHI 
(CHr)iSiOCHI 
(CHhSiOCsHi 
(CaHdrSiOCaHi 
(CtIid rSiOCIHr 
(CIHI) rSiO(iso-C,Hi) 
(CrHd rSi0Cr Ha 
(CrHi)rSiOCHaCH(CHi)i 
(CaHi)iSiOCII1CHrCH(CHl)r 
(CrHd rSiOClHn 
(CiH6)rSiOCHr 
(CrHI)iSiOCHI 
(CHdtSi(0CHi)r 
(CH:)1Si(OCsHt)a 
(~~~(-C~H,O)YS~(OCHICH~CI)I  
(lerl-CtHoO)tSi(OCHaCHrCN)r 
(Ierl-C~H,O)iSi(OCHrCHiNHa)a 
(Lerl-CtHpO);Si [OCHrCHrN (CaHda11 
(I~~~-C~H~O)IS~[OCHICA(CH~)CHINH~]~ 
(Ierf-CtHlOhSi [OCHaCH(NHa)CHtCHi]r 
(lertCtH,O)rSi[OCH,C(CHr) (NHr)CHi]i 
(Ierl-CtHgO)tSi [O(CHr)rNH(CHr)aN&b 
(CH1)iSiOCHi 
(CHr)iSiOCrHi 
(CHI) ISiOCHrC HrOSi(CHt)i 
(CHi)rSiOCHaCHrNHa 
(CHI) iSlOCiHi 
(CH~)IS~OCH~CHIOS~(CHI)~]CHI 
(CHi)iSiO(is~-CtHd 
(CHr)diOCsHii 
(CHI) rSiO(iao-CsHii) 
(CHIjd3iOCH~CH(CH1)CHdHt 
(CHI) rSiO(CH:) ICI 
(CHa)rSiOCH~CHaCH(CHi)CH1CHr 
(CHr)rSiOCrHib 
(CHI) rSiOCsHir 
(CHI)IS~OCHICH(C~HJ (CHi)rCHi 
( C H ; ) I S ~ O C ~ ~ I ~  
(CH:)rSiOCIiHtr 
(CI3i)rSiOCitHn 
2- [(CHI) IS~O]-S-CICEHICH(CH~) (CiHtCl-4) 
(terf-CtHoO)zSi(NHa) (OCIHII) 
(CIIi)rSiOCHaCH(OH)CHrO u 
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Silylamine 

(HISi)rNCHI, . . . . . . . . . . , . . . , . . . , . . . , . . . . . . . . . . 
(CH1SiHr)rN. , . . . , . . . . . , , , , , , , , , , . . . . , . . . . . . . . 
(CHrS1Hz)rNCHr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHrSiHrN(CHr):. , . . . . . , . . , . , , , . . , , . . . . , . . , . . . 
(CHd&iN(CHdr.. . . . . . . . . . . , . . . . . . . . . . . . . . . . . . 
(CrHdiSiNHr. , . . . . . . . . . , , , . . . . . . , . , . , . . . . , . . . . 

Evidence is insufficient to show any clearly defined 
trends due to steric effects in these reactions. A decrease 
in yield is observed when the bubstituents on the silicon 
in the N-phenylsilylamine series are increased from 
methyl to isopropyl (see table 10) (1). On the other 
hand , tris(tripheny1germanyl)chlorosilane 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) .  

Hydrogen Halide 

HCl (gas) 
HBr (gas) 
HCl (gas) 
HC1 (pea) 
HC1 (gas) 
HCI (gas) 
HF (48%) 
HCl (gas) 
HCl (conod.) 
HRr (gaa) 
HBr-HiSO4 

HI 
RISiCl + CsHsNHa + IRrSiNHCsHd --t 

R,SiI + CtH6NIIJ + 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-tert-butoxycyclotrisilazane 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). N-Methyltrimethylsilylamine, for example, 
reacts with ethyl chlorosulfonate to give the silylsul- 
famide (13). 

(CHI)ISiNHCH~ + ClSOaOCaHr --+ 

(CHI)IS~N(C&)SOIOCYH, 4- HCI 

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

2[(CHs)rSi]rNH + SOaCla --* [(CHI)IS~N]~SOI 4- 2(CH1)8iCl 

Phosphoric acid and ita derivatives with hexamethyl- 
disilazane or N-methyltrimethylsilylamine yieldL0- 
silylphosphates (14). 

8. 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). 

(krGRO)aSi(NH,)r + SR'COOH + 
(krtRO),Si(OOR'), + 2NH8 

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

CHaSi[N(CHa)r]a + C&COCl -i CH1SiC4 

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

TABLE 10 

Reactions of silim-nilrogen compounds with hydrogen halides 

[CHICH(CI)I(CYHI)YSINH~. . . . . . . . . . . . . . . . . , , . , . HF (48%) 1 HC1 (em) 

(CrHIO)rSiN(CHr)r.. 
[(CtHi)rGellSiNH~. . 
(CHdrSi(NHCsHdr. . . . . . . 
(Ierl-C~HgO)~Si(NHr)r. . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . .  

I . . . . . . . . . . . . . . .  . .  
H,)I ........................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . .  . . . .  . . . . .  

HC1 &onid.) 
HBr (gas) 
HBrHiSO4 
HC1 (gas) 
HC1 (gas) 
HI (sad 
HC1 (gas) 
HCI (conod.) 
HCl (gad 
HBr (gas) 
HI (gas) 
HI (gas) 
HI (gad 
HCl 
HCl (gas) 
HCI (gas) 

Product 

HrSiCl 
HiSiBr 
CHrSiHzCl 
CHISiHzCl 
CHlSiHrCl 
(CH:)aSiCl 
(CaHdrSiF 
(CrHdrSiCl 
(CtHdrSiCl 
(Cr HddiBr 
(CrHdrSiBr 
CHICHCI(CYHI)YS~F 
CHrCHCI(CrHhPiC1 
CHrCHCl(CaHdrSiC1 
CHICHCI(CrHdrSiBr 
CHrCHCl(CzHdrS1Br 
(CYHIO)IS~C~ 
[(CaHd rGe IrSiCl 
(CHd&iIr 
(fcrf-C~HeO)rSiClr 
(Lerl-CcHsO)rSiCh 
HSiClr 
HSiBrr 
HSiI1 
CrHn3iIr 
iao-CrHqSiIr 
Sic14 
(CHi)iBiCl 
(CzHI0)ISiCl 

Yield 

per ccn: 

100 
96 
- 
- 
- 
- 
89 
80 
80 
70 
65 
82 
76 
79 
26 
81 - 
- 
65 

10-87 
68 - - 
- 
46 
37 

63 
- 
- 

Referenoes 
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(iao-CaHTO),SiNHz + C1CO(CHz)4COCI + 

(iso-CaHlO)aSiNCO( CHa)@ 

Acetic anhydride results in cleavage of the silicon- 
nitrogen bond (1 15a). 

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 -78" 
C. yields the silyl halide and silylborazole. 

(HISi)sN + BCls HaSiCl + (HaSi)2NBCI, 

N-Methyldisilazane also reacts with boron trichloride 
at -78"C., but a t  higher temperature the borazole 
decomposes (37). 

CHaN(SiH*)r + BCb --+ HaSiCl + CHaN(SiHa)(BClz) 

CHaN(SiHa)(BCI,) 4 HaSiCl + (CHaNBCI), 

Trisilylamine is cleaved by dimethylboron bromide 
giving silyl bromide along with silane, trimethyl- 
boron, and N,N-bis(silylenebromide)dimethylborazole, 
(CH&BN(SiHzBr)l (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). 

(HISi)IN + B2HsBr -+ HBSiBr + (H3Si)zNBHz 

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

F. REACTIONS WITH ALKALI METALS AND 

ORGANOMETALLIC 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 N-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). 
(C6Is)aSiNHCzHI + Li + CZHSNHZ + (CsHs),Si( N H C Z H ~ ) ~  

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. 

[(CHa)aSi]?NH + CdIbLi + [(CH&Si]zNLi i- CeHs 

a. 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, 

2RrSiNHr -+ R&NHSiR, + NHI 

like the exchange reaction, is acid catalyzed. Although 
triethylsilylamine fails to coridense upon prolonged 
reflux (B) ,  the addition of ammonium sulfate catalyzes 
the reaction so that the disilazane may be obtained 
(62). Tributoxysilylamine (1 IS), triphenoxysilylamine 
(175, 214), and tris(p-dimethy1aminophenyl)silylamine 
(205) have been reported to form disilaxanes upon 
prolonged reflux. 

2(C4HoO)rSiNH2 + [(CdHoO)aSi]rNH + NHa 

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

2( CHg)aSiNHCHa -+ [(CHS)~S~]*NCH~ + CHaNHt 

A mixture of tris(methy1amino)propylsilane and tris- 
(ethy1amino)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( lertC4HoO)zSi( NH& -+ [(brtC4HsO)~SiNHla + 3NHa 

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 HALOSILANES 

The reaction of a silylamine with a halosilane may 
result in the cleavage of either the silicon-nitrogen or 
the nitrogen-hydrogen bond. When N,N-dimethyltri- 
methylsilylamine is heated with silicon tetrachloride in 
a sealed tube, bis(dimethy1amino)dichlorosilane and 
trimethylchlorosilane are produced (81). 

2(CH&SiN(CH& + Sic14 ----t 

[(CH3)zN]&Cl~ + 2( CHa)aSiCl 

Under similar conditions, hexamethyldisilazane yields 
trimethyltrichlorodisilazane, while N-methylhexa- 
methyldisilazane is converted to N-methyltrimethyltri- 
chlorodisilazane (8 1). 

heat 
[(CHs)aSi]zNCHI + Sic14 -+ 

heat 

(CHa)&3iN( CHa)SiCla + (CH8)aSiCI 

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,l). 

R,SiNHs + RlSiCl Ft RsSiNHSiR: + HCI 

I.  MISCELLANEOUE REACTIONS 

Both N,N-dimethyltrichlorosilylamine and bis(di- 
methy1amino)dichlorosilane are reduced and undergo 
cleavage of the silicon-nitrogen bond with lithium 
aluminum hydride (38). 

(CH&NSiCls + LiAlH, -+ Si" 

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

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

[(CH&SiJzNH + HCN -+ (CH8)aSiCN 

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

[( CzHs)sSi]2NH + CH,==CHCN -+ [( CIHJd3i]rNCH,C&CN 

None of these reaction6 has been investigated ex- 
tensively. 

v. SILYLHYDRAZINES 

Four methods for the preparation of Bilylhydrazines 
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 
trimethylchlorosilsne gives the N,N'-bis(trimethy1- 
sily1)hydrazine (206). Disubstitution on the same 
nitrogen of the hydrazine does not occur when trialkyl- 
or triaryl-substituted halobilanes are used (206, 207). 
The monosilylhydrazines may be prepared by increasing 
the ratio of hydrazine to chlorosilane (207). 

S(CH&SiCl + BNHzNHI 
(CH:)SiNHNHSi(CH:): + 2NHlNHl SHCl 

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). 

(C&),SiCl + 2NH9NHCeH: 4 
(CH:),SiNHNHCeH, + CiHsNHNHI.HC1 

N-Methyl-N'-(trimethylsilyl)hydrazine, prepared by 

TABLE 11 

Preparation and physieal mtunk of the silylhydrazina 

Silylhydrazine 

(H1Si)rNN(SiHdt.. . . . . . . . . . . . . . . . . . . . . . . . . . . 
(CHI)zSiNCH1NHCHi ....................... 
(CHI)ISiNHN(CHi)r.. . . . . . . . . . . . . . . . . . . . . . . . 
(CHI)iSiNHN(CaIIh. . . . . . . . . . . . . I . . . . . . . . . . 
(CHI)iSiNHNHSi(CHt)I. . . . . . . . . . . . . . . . . I . . . 
(CHI)rSiNHN(CH1)Si(CHl)r., . . . . , . . . . . . . . . . . 
[(CHi)rSiltNN(CHh. . . . . . . . . . . . . . . . . . . . I . I . 
[ ( C H I ) I S ~ I X N N ~ I S ~ ( C H ~ ) ~ .  . . . . . . . . . . . 
(CHr)d3iNHNIICsNr. . . . . . . . . . . . . . . . 
(CHi)rSiN(CtHI)N€ICsHr. . , . . . . . . . . 
(CHI)iSiN(CoHs) NHCnHi . , . . . . . . . . . . . . . . . . . . 
[(CH.)IS~]~NNIICOHI. . . . . . . . . . . . . 
(CHI)ISiNHN€IP(O)(OCsHi)z. . . . . . . . . . . . , . . . . 
(CiH3rSiNHN(CNi)a. . . . . . 
(CaHs)iSiNIIN(CrHs)a.. . . , . 
(CaHo)ISiNIINFISi(CHI)r. . . . . , . . . . . . . . . . . . . . . 
(CiHs)tSiNHNHSi(CzAi)r. . . . . . . . . . . . . . . . . . . . 
[(CaHs)iSil [(CIII)IS~INNHS~(CHI)I. . . . . . . . . . . . 
((CzHdtSi] ( (CHI)IS~~NNHS~(C~HI)I  . . . . . . . . . . . 
(CtHs)rSiNHNIICoHi . . . . . . . . . . . . . . . . . . . . . . . . 
(CIHT)IS~NIIN(CHI)~. 
(CIH~);S~NHN(C~HI)~ .  
(CIHI)IS~NHNHS~(CIH~)I.  . . . . . . , . . I . . . . . . . . . 
(CrH1) rSiNHN HCsHs . . . . . . . . , , . . . . . . . . . . . . . . 
( C ~ H I ) ~ S ~ N H N H  ........... 
(CoHdiSiNHNII ........... 

(CHi)ISiNHNHCHi.. . . . . ............ 

(COII~)IS~NHNHS~(C~III)I .  , . . . . . . . . . . . . . . . . . . 
(COHS)IS~N(C~III)NIIC~HO. . . . . . . . . . . . . . . . . . . . 
( C ~ H I ) I S ~ N ( C O H ~ ) N ( C ~ I I I ) S ~ ( C O ~ ~ ~ ) I .  . . . . . . , . . . . 
(CoHs)rSi[NHN(CHi)rli. . . . . . . . . . . . . . . . . . . . . . 
(CoH,)1Si(N€INHCsHI)r. . . . . . . . . . . . . . . . . . . . . . 

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 

90.6 
88 
91 

98 
96 
90 
90 
93 
90 

90 
92 

97 
90 
90 
90 
95 

88 
90 

75 
82 
68-74 
17 

Melting 
Point 

"C. 
- 24 

66 

63-64 

90-92 
80-82 
138-140 
136-138 
206-266 
42-43 
116 (d.) 

Boiling Point 

O C .  

108 
06-97 
61-03/260 mm. 
100 
144.5 
89/40 mm. 
73-75/40 mm. 
07/12 mm. 
89/13 mm. 
115-116/12 mm. 
113/10 mm. 
138/1 mm. 
124/10 mm. 

5Fr.50/8 mm. 
85-87/10-11 mm. 
72/3 mm. 
142/20 mm. 
I26/9 mm. 
164/3 mm. 
129-130/1 mm. 
87-89/7 mm. 
ll4-115/10 mm. 
189-190/20 mm. 
145/1 mm. 

191-193 

d 

0.83 (20') 

0.9668 (20') 
0.7948 (200) 
0.8166 (21") 
0.7708 (19') 
0.8431 (19") 
0.8400 (24') 
0.9768 (20') 
0.9328 (24') 

0.9292 (24') 

0.8202 (200) 
0.8340 (20") 
0.8417 (22") 
0.8595 (23') 
0.8'123 (24") 
0.8918 (21') 

0.8208 (200) 
0.8301 (200) 
0.8481 (21') 

no 

1.3818 (20") 
1.4019 ( 2 2 9  
1.4196 (20") 
1.4268 (22") 
1.3820 (19') 
1.4390 (20') 
1.4442 (20') 

1.6162 (20') 

1,6078 (20') 

1.4348 (200) 

1.5409 (19") 

1.4441 (20') 
1.4422 (17") 
1.4562 ( Z O O )  

1.4512 (20") 
1.4764 (20') 
1.5210 (209 
1.4405 ( Z O O )  

1.4471 (209 
1.4562 (24") 
1.4918 (20') 

* Method of preparation: A. ohloroeilane + hydrazine; B. chlorosilane + alkali metal salt of hydrazine: C. (CaFIi)1SiLI + COHIN=NC~HI; D. (CzHr0):P- 
(0)NHNHa + (CHdaBiNHR. 
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this method, undergoes autocondensation with the 
release of methylhydrazine (208). 

heat 
2CHsNHNHSi(CH& --+ 

[( CH,)aSi] ( CHr)NNHSi( CHI), + CHaNHNHe 

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 ("-subs ti tuted hydrazino) silanes (209). 
(ct ,H&sicl~ + ~ N H ~ N H C R H ~  --$ 

( Ct,H6)&3i(NHNHC6H& + 2C&IsNHNH2 VHC1 

The second method of preparation of silylhydrazines 
(method B, table 11) is the use of the lithium salt of a 
hydrazine (218). 
C6HsNLiNLiC6Efs f (c&)sSic1 + 

(CsHs)sSiN(CeHs)"(CdEIs) + 
(C~H~)~S~N(CEH~)N(CEH~)S~(CEH~)I 

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). 
(CH&SiN(Li)NHSi( CH& + (CHs)sSiC1 + 

[(CH&S~]SNNHS~( CH& 

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). 

(Ct,Hs)tSiLi + C&&,N=NC& .--) 
Ea0 

[(ct,Hs)ssi] (CEHS)"HCEHE 

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 N-methyl- 
trimethylsilylamine (14). This reaction is a variation of 
the silylamine-amine exchange reaction. 

( C6HbO)zP(0)""2 + ( CHs)aSiNHSi(CHa)a 
[or CHaNHSi( CHa)J + ( CsHbO)2P( O)NHNHSi( CH& 

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

VI. THE 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., SiFc*2NHa is the 1:2 
adduct). 

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

SiFl + 2"a + SiF4.2NHa 

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

2SiF4.2NHa + 2H20 + (NH4)&Fs.NH4F + SiOz + N H P  

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 

SiF, + (CH&N + SiF4.N(CH& + SiF,.2N(CH& 

formed. The 1 : 1 derivative is converted to the 1 : 2 on 
addition of trimethylamine, while the reverse is ac- 
complished upon vacuum distillatmion, Le., 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 N,N,N',N'-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 result8 were 
given (69). 

Formamide is decomposed by silicon tetrafluoride 
(151); acetamide gives a solid product which was not 
further characterized (69) ; and N,N-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 fluorovilanes 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 o€ 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 a t  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: 

SiHICl = SiH,C12 > SiHClr > SiC1, 

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 N,NdimethyIaniline 
(151). The basicity of pyridine is between that of the 
other two amines, but it is the least Pterically 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, 21 1) , 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,N-dimethylformamide, 
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:l  (two silyl groups to one tetramethylhydrazine) 
(10). 

The silicon atom in these complexes utilizes either its 
spsd orbitals (1: l  adduct) or its spM2 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). 

All 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 
-70°C. 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. 

SEIr + 4NaNa 3 Si(Na), + 4NnC1 

Silane and HNI 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 0-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 
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'C. 

3.3-3.4 
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(CHa)aSiNHCH(CHa)CHaCOOCr& 
(CIIr)aSiNH(CHr)rC008i(CHr)a. . I . . . . . . . , , . . . , . . , . 
(CH1)iSiNHCH(iso-CrHi)COO8i(CHa)a. . . , . , . . I . . . . , 
(CHr)rSiNHCH(iso-CtHi)COOCaHa.. 
(CHa)iSiNHCH(iso-CtHi)CO08i(C 
(CHa):SiNHCH(sec-CcH~)C008i(C 
(CHr)r8iNH(CHa)oC008i(CHa)I. . . 
(CHa)rSiNH[CnHtCOOSi(CHa)~ol.. . . .  . . , . . . . . .  . . . .  
(CHa)aSiNHCH(CHaCnHa)C008i(CHa)a 
(CaHI)ISINHa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(ClCHzCHz) ( C ~ H ~ ~ S ~ N H I .  . . . . . . . . . . . . . . . . , . . . . . , . 
(CHaCHCI) (CtHdtBiNHc 
(CrHa)aSiNHCHa. . . . . . I . . . . . . . . . . . . , , . . . , . , , . . , . . 
(CaHo)aSiNHCrHr 
(CaHo):SiNHCrHI. . . . . . , . . . , . , . . . , . . , , . . , , , , . , . , . , 
(CrHd&iNH(ido-CaHi) . 
(CIR,)aSiNHCtHi. . . . . 
(C;Hs)rSiNH(ferf-CtH~) . 
(CrHd aSiNHC(CFIr)aCsHr. . . , . . . . . . . . . . . . . , . . . 
(CaHo)ISiNHCsHia. 
(CrHo)aSiNHCH(CHr)tCHa. . , . . . . . . . . . . . . . . , , . . . . . 
(CaHdrSiNHCiHu 
(C:Ha):SiN(CHr)a.. . . . . . . I . . . . . . . . I , . . . . . . . . . . . , . I 

(CrHdrSiN (CrHrh. . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . 
(CsH,)rSiN(CrHa) (CHrCFIrCN) 
(CzHs)rSiN(CtHdr. . . . . . . . , . . . 

- 
(CrH3iSiNH(CaHtCHrp). . . . . . , . . . , . . . . . , . . . . , . . . 
(CrHi) aSiNHCHrCaHi 
(CrHa)rSiNHCH(CHa)CsHa. , . . . . . . . . , . . , . , . . . . . . . 
(CrHo) rSiNHCH(CHa) CHaCaHi 
21(CaH~)aSiNH(thiasole). . . . , , , , , . . , . . , . , , . , , . . . . , . 

(CaHi)rSiNHa. . . . . . . . . . . . . . I . . . . . . . . . . . , . . . . . . . . . 
( C ~ H I ) ~ S ~ N H C H ~  , . . . . . . , . . , , , , , , . , . . . , . . . , , . . , . , , 
(CaHi)&iNHCrHa. . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . 
(CIHI) a8iNHCaHi 
(CaHi)&iNH(iso-CaHd.. , 

(CaHdaBiN(CHa)r. . . . . . . . . . . . . . . . . . . , , , . . . . . . . . . . . 

Compound 

34 

I Malting 
Point 

Boiling 
Point 

c. 

46 
71 
BO. 1-90.8 
110 
134-136 
118-127 

82-93/26 mm. 
49-58/12 mm. 
77/24 mm. 
01/0.01 mm. 
86-86 
126.8-127.1 
117/30 mm. 
66-68/12 mm. 
86-98/24 mm. 
86-86/16 mm. 
107/20 mm. 
126/0.6 mm. 

110-112/2.8 mm. 

72/0.05 mm. 

161.4-162.4 

88-71/13 mm. 
87/22 mm. 
86-100/14 mm. 
73/10 mm. 
80-86/20 mm. 
116/1.1 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 
66-66,6/7 mm. 
93/38 mm. 

168-167 
189.4 
179.6 
86-86/12 mm. 
193 

117/16 mm. 
112-113/10 mm. 

126/13 mm. 
160-167 
199.6-201 
202 
263-264 
134-136/12 mm. 
137/9 mm. 
143/12 mm. 
133/8 mm. 
142/14 mm. 
146/13 mm. 

141-143/1.5 mm. 
162/7 mm. 
70-72/9 mm. 
196-186 
76-76/3 mm. 
86/6 mm. 
78-80/8 mm. 
68-60/3 mm. 

161-163 

212-2 14 

d 

0.7386 (20') 

0.7676 (26') 
0.766 (20') 

0.772 (20') 

0.802 @ao) 

0.822 (20') 

0.840 (20') 

0.8976 (20') 

0.8831 (209  

0.8538 ( 2 0 9  

0.8804 (20') 
0.8931 (20") 
1.0668 (200) 
0. 8830 (20") 
0.7882 (20'9 
0.9788 (209  
0.8604 (20') 
0.8011 (20') 
0.7986 (20") 
0.8038 (20") 
0.7882 (20') 

0.8082 (200) 
0.8194 (20') 

0.8044 ( Z O O )  

0.8167 (20') 
0.8814 (20O) 
0.8380 (20") 
0.834 (20") 

1.3906 (20') 
1.3912 (20') 
1.4130 (25') 
1.4094 (20") 
1,4060 (26") 
1 4164 (20') 

1.4862 (26") 

1.4108 (20') 
1.4673 (20') 

1.4818 (26') 

1,6416 (20') 

1,4228 (209  

1.4177 (20') 

1.4380 (20') 
1.4228 (20') 

1.4236 (20') 
1.4267 (20') 
1.4331 (20") 
1.6348 (20') 
1.4863 (20") 
1.4276 (20') 
1.4624 (20") 
1.4670 (20") 
1.4296 (209  

1.4332 (20') 
1.4282 (20') 

1.4360 (20") 
1.4400 (200) 

1.4300 (200) 

1.4326 (Zoo) 
1.4400 (2001 
1.4676 (20') 
1.4476 (20") 

Referenoes 
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TABLE 12 (Continued) 

Compound 

Silylaminss: 
(Cd37)isiN(c%IIb)i. . . . , . . . . . . . . . . . . 
(C~H~)~SiNIICaII~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
(CIH7)ISiN HCHrCdf . . . . . . . . . . .  

(CdHp)iSiNfICIIa., , . . 
(CtH,)rSiNlICiHi. , . . . . . . . . . 
(CdH,)ISiNIICiHI.. . . . . . . . . . . . 

(CcH9)rSiNIICHz , . . , . . . . , . . . , . . .  . . . . . .  
(CtHh ((C:Ha) aSi 
(ClFI7)z [(ClHT)ISi 
(CdHh [(GIIdiSi 
(CsHd (CIIId (CII 
(CoIIaClI~) (CrIIs) 
(CaHdrSiNIIi.. . 
(CsIIdiSiN IICIHI 
(CsH~):SiN(CIIi)i * . . . . . . . . . .  

. .  . . . . . . . . . . .  
[p-(CHr)iNCaHdl 
[p(CIf drNCdId I 
(I-Cd17)aSiNIIi. 
(1-CtolI~)rSiNlfC 

(CHiO)(lerl-CdH,O)rSINHr. . . . . . . . . 

. . . . . . . . . . .  
. I . . . . . . . . .  

(C~H9O)rSiNIICmHi. . . . . . . , , . , , . , . . , . . . . . . , . . . . . . , 

[(Ct~Is)iSiO](lerl-C~HiO)tSINH~. . . 
(CaHa0)rSiNIIr.. . . . . . . . . . . . . . . . . . . . . . . . 
(C~HaO)lSiN(CHi)lCIIi. . . . . . . . . . . . . . . . . 
(CrHi)tSiC1N(CzHi)r. . , . I , . . . . . , . . . . . . . . . . . . . , . , . . 
CsH~SiCI~N(CrHdr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CIHISiClrN(iao-CiFII)i.. . . 
CrII1SiBrtN(iso-CIIIIfr. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

U 

CIrSiNIIUert-CdIId I . . . . . . 
CirSiN(Crl1di.. I . . . . . . . . . 
CliSiN(iso-CrI11)i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

BrBiNCIIr(CaHd . , . . . , I . . . . . . . . . . . . . . . . . . . . . . . . . 
ClrSiNCrlIdCsIId . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
RriSiNCrII~(Cs11d. . . . . 
[ (C~HI)IG~IIS~NIJI . .  . . . 
(CHI)I(HS)S~NHCHI. . 
(CHl)rSi(NIICHl)r. . . . . . . . 
(CHr)rSi(NHCtHdr. I . . . . . . . . . . . . . . , . . . . . . . . . . . . . . 
(CHl)rAi(NHC~N~di. . . . . . . . . . . . . . . . . . . . . . . I . . . . . , 
(CHdrSi INIIS~(CHI)I]I.. . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . .  

St7anediaminsa: 

Boiling 
Point 

96-90/7 mm. 
142-143/6 mm. 
147-148/0 mm. 
164-166/3 mm. 
116-120/14 mm. 
117-118/9 mm. 
126/9 mm. 
131-133/8 mm. 
126-127/9 mm. 
160-162/16 mm. 
190-192/19 mm. 
148/1 mm. 
l06/0 mm. 
133/3 mm. 
174/3 mm. 

280-266/70 mm. 

163-1fl6/0.6 mm. 

l90/2 mm. 

W90/60 hm. 
100-107 
181 
57-00/8 rnm. 
1273/14 mm. 
33-84/17 mm. 
129-131/13 mm. 
130-137/18 mm. 
189-140/16 mm. 
149/lh mm. 
lOl-lfl8/lb mm. 
14&147/13 mm. 
100/1 mm. 

i98-201/2.5 mm. 
Z02/16 mm. 
194-199°F./3 mm 
113-114/16 mm. 
32-86/10 mm. 
137-138/22 mm. 
110-111/7 mm. 
134-130/13 mm. 

18-88/17 mm. 
06/16 mm. 
14-116/10 mm. 

'3-74/11 mm. 
80-181/10 mm. 
26/11 mm. 
8-51/12 mm. 
16-00/17 mm. 
'3-7.5/13 mm. 
20-124/30 mm. 
01-106/17 mm. 

40-146/12 mm. 
00-106/9 mm. 
.50-164/13 mm. 

0/166 mm. 
39 
09-170/12 mm. 
92-196 

d 

0.8678 ( Z O O )  

0.8480 (200) 
0.8436 (20') 

0.9126 (160) 

0,884 (20") 
0.924 (20") 
0.898 (200) 

0.9698 (20') 

0.901 (200) 
0.882 (20") 
0.8907 (20') 
0.9003 

1.0192 (200) 

0.8297 (20') 
0. a330 (200) 

1.4633 (PO" 
1.4610 (20' 
1,4638 (20' 

1.1016 (20': 
L .4M2 (ZOO.  

I. 4063 (20": 

. ,4084 (20") 

.4149 (209 

. lo00 (20'1 

.4108 (20') 

.4211 (20") 
,4166 (20') 

.4667 (200) 

.49Q (20") 

.4426 (20") 
,4281 (20") 

Refereaaea 
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TABLE 12 (Cmlinued) 

Compound 

Silansdinminea: 
(CHa)aSi[N(CHa)ala .............................. 
(CHa)aSi[NCHaCHala . . . .  

U 
(CHa)rSi( NHCsHda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(CHi)rSi(NHCIItCIHi)a . . .  
(CaIl, )rSi [N(Cr€Idala . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(CiH~)aSi(NHCaHa)r . . . . . . .  . . . . . . . . . . . . . . . .  
(ferl.CtH,)(CHa)Si(NHa)a . . . . . . . . . . . . . . . . . .  
( ~ e r ~ - C t f I ~ ~ z S i ( N H a ~ ~  . . . . . . . . .  
(tsrl-CdHi) (C~aHadSi(NHa)r . . 
(Lsrl-CdHd ( C I H ~ B ~ ( N H ~ ) .  . . .  
(CoHdaSi(NHCHi)a .............................. 
(CoHhSi(NHCaHh. . .  
(CaH&3i(NHCaHi)r ............................. 
(CeHdrSi(NHC,H1a)a ... 
(CaHi)aSi(NHCiH~)a . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(C~HI)~S~(NHCH~C.HI)I  . . . . . .  . . . . . . . . . . . . .  
(C*HL!IIa)aSi [NCHaCHaJa ........................ 
(C.HICHr)rSiINCHrCHCHala ..................... 
(l-C~aRi)aSi(NHa). ........ 
(~.CIOHI)~SI(NHC~HI)~ . . . .  
(CHaO)tSi[NCHaCHal: . . . .  
(CHIO) (lert-C~HiO)Si(NHa)a. ..................... 
(CIHIO)(L~~~.C~HIO)S~(NHI)~ . . . .  
(iso-CaHiO) (Ler:.CtH,O)8i(NHa)r . . . . . . . . . . . . . . . . . . .  
( C ~ H I O ) ~ S ~ ( N H C H ~ ) ~ .  ........................... 
(CdHmO)aSi(NHC.Hd: . . . . . .  
(C4H,O)aSiINCHaCHaJ. .......................... 
( C ~ I I ~ O ) : ( N H C I H ~ ~  . . . . . . . . . . . . . . . . . . .  
(CtH,O)aSi(NHCtH,)a ............................ 
( C ~ H , O ) ~ S ~ ( N H C I H ~ :  ........... 
(C~II,O)~S~(NHCH~CIHI). ........................ 
( C ~ H I O ) ( ~ ~ ~ ~ - C ~ H . O ) B ~ ( N H . ) :  .... 
(see-CtH*O) (terl-CtH,O)Bi(NH.). . . . . . . . . . . . . . . . . . .  
(1crl-CaH,O)rSi(NH:): ............................ 
[ClCHiC(CHa)Ol(tsrbCtH~O)8i(NHa)a . . . .  
(fbrl-CtHIO)tSi(NHCaHr)r ........................ 
(tcrt-CtHtO)aSi(NHC~H~a)a . . 
(terf.CtHiO)aSi(NHCsHs)r . . .  
(tcrt-CaHgO)tSi( NHCHaCeHdr . . . . . . .  
(Icrt-C1Hr10).Si(NHa)a ........ 
HBiCl[NH(Lcrl-CtHd Ir .......................... 
HBiCl [N(CaHdala .............................. 
CH1SiCl[NH(lert.CtH~)Jr . . . . . . .  ..... 
CHaSiCI [N(C:Hdal. ............................. 
CrH~SiCl[NH(lert-C4H, ) ]a ........................ 
CtHlSiCl [N(CaHa)rlr . . . . . . . . . . . . .  
CaH7SiCl [NH(lart-CaHd la ........................ 
CaII~SiCl[N(CrHd.]r . . . . . . . .  
CaIIlSiCl[NCHa(CIH,)Ia ... 
C ~ H ~ S ~ B ~ [ N C H ~ ( C I H ~ ) J ~  . . .  
ClrAi[NII(tcrt.CtH*) 11.. ... 
ClrRi [N(CHi)rlr ................................ 
CiaRi[N(CaHdala .... 
CirSi [N(iao.Ca€Ii)ala ...................... 
CiaBi[NCHr(CHr)tCHaIr ......................... 

I 

L J  

I 

U 

CirSi( NHCaH6)a . . . . . . . . . . . . . . .  
. . . . . . . . . .  

C I Z S ~ ( N C Z H ~ ~ ( C I H S ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BrrSi[NCrHdCdId I: . 
HSi(NHCdIdr ................................. 
HSi[NC~H4la ................................... 

Silonetriamines: 

U 
...................... 

CHa8i[N(CHi)a1a . . .  ...................... 
CHaBi[N(CrHa)ali ............................... 
CHrSi(NHCaHs)a ............................... 
C:HIBi[NH(fsrt-C.H,)la ......................... 

Melting 
Point 

C . 
. 98 

45 

h8 
83 

I R3 

184-168 
184-188 

72 

-9 to -6 

32-40 

114 (d.) 

-11 

Boiling 
Point 

0 C . 
28.4 
9-100 

8.5-186/9 mm . 
74-178/6 mm . 
40-142/50 mm . 
72-173/1 mm . 
36 
00/50 mm . 
99/7 mm . 
49/37 mm . 
66-156/3 m m  . 
20-122/1 mm . 
7&182/2 mm . 
l5/2 m m  . 
13 (d.) 

68-170 

73/1 mm . 

9-60/11 mm . 
i2-65/12 mm . 
i3-66/9 mm . 
14-66/8 mm . 
.2 2-123/16 mm . 
.2 9-132/16 mm . 
l3-94/2 mm . 
16O-161/16 mm . 
170/16 mm . 
183-184/30 mm . 
i96/1 mm . 
16+38/3 mm . 
12-96/17 mm . 
38/23 mm . 
%85/2 mm . 
108/22 mm . 
11 2-2 14 

217-219/11 mm . 
106-110/15 mm . 
74-75/12 mm . 
17-78/12 mm . 
51-82/12 mm . 
84-85/12 mm . 
D6-98/12 mm . 
100-101/12 mm . 
118-119/16 mm . 
121/17 mm . 
195-197/1l mm . 
ZOS/lO m m  . 
08-101/14 mm . 
69-61/20 mm . 
99-104/11 mm . 
125-126/8 mm . 
150-155/17 mm . 

185-187/9 mm . 
221-224/16 mm . 

220/25 m m  . 
06-97/12 mm . 
161 
llb-1113/12 mm . 
212/1 mm . 
116-lwl4 mm . 

d 

0. 808 (22") 

1.07 (30') 
I . oogo (20") 
1.853 (20') 

0.961 (200) 
0.934 (ZOO) 

0.9550 (20") 

0.939 (20') 

0.9284 (20") 

0. 8815 (20") 
0.8697 (20") 

1.0003 (20") 
0.931 (20') 
0.0201 (209 
0.9364 (20') 
0.9259 (20') 
0.8343 (200) 
0.9280 (200) 
0.9395 (200) 
0.9153 (20') 
0.9323 (20") 

1.2126 (20') 
1.0368 (20") 

1.0324 (20') 

0.928 (200) 

0.8413 (20") 

0.8672 (20') 
1.14 (30") 
0.8469 (20") 

0 . 8fiO (220) 

. 6409 ( Z O O )  

. 4485 (20") 

. 4634 (20") 
. . 4604 (20') 
. . 6198 (20") 

i . 4130 (200) 
I . 4186 (20') 
i . 4170 cion)  

I . 4046 (26'1 

1.  4260 (20°1 
1.4210 (20"l 
1 .  4188 (20'; 

1.4168 (ZOO:  

1.4348 (200: 

1.4987 (20": 
1.4300 (20": 
1.4379 (200: 
1.4433 (200: 
1.441~ (soo: 

1. 4465 (a00 
1.4463 (20"' 

1.4617 (20' 
1.4468 (20'. 
1.4630 (20" 
1.6676 (20' 
1.5770 (20' 
1.4484 (20' 

1.4514 (20" 

1.4370 (20' 
1.4324 (22" 
1.4616 (20' 

1.4414 (20' 

Referenam 
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Compound 

Silanstehamines: 
CifI~SilN(CzHr),li. . , . , . . . . . . . . . . . . , . . . . , , . , , . . . 
CIHISi(NHCeHdI. . . 
CIHiSiNHr[N(CrHd 
C:HiSi(NHCrIIa)r.. . 
CIHISi(NHCrHih. . 
CrHiSi[NH(iao-CrIIi)l~.. . . . . . . . . . . , , . , , , 

ClHiSi [NH(iso-CIHi) 1 [N(CrH~)rlr, . . . . 
CIH~~~[NH(~~O-CIHI)]I[N(CIHI)~]. . . , . . . . . , . . . . , . . 
C~HiSi[NH(ieo-CrHi)]r[N(iao-CrH~)tl. . . . , . . , 

CiHiSi[NH(iao-CtHi) ]r[NH(lert-C~Hv)]. . , . . , . , . . , . 
CsHiSi[NH(iao-CIHi) ]r[N(C~Hn)tl. . . . . , I , I , , . . , . , 

CaH&i [NH(iao-CrHi) ]I [NCHI(COHI) 1 
CiHiSi(NHC4Hi)r. . . , . . . . , , . . . . . . . . . . , . . . , , . , , . 
CrHiSi[NH(iso-C4H,)]r.. . . . , . . . . , . . . . . . . . . . , , . . 
CrHiSi [NH(sec-C4Hd]r. . . . . , . . . . . . . . . . . . . . . . 
CrHiSiNH, [NH(tart-C4H:) 11. . . . . , , , . . . . . . . . . 
CIH~S~(NHCZHI) [NH(tett-CtH*) 11 
CIH~S~[NII(~~~~-C~HI)]I[NH(~~O-C~HT)]. , , , . . , , 

C:H7SilNH(lerl-C1Hd ]I. , . . . . . . , . . . . . , . . . . , . . , , 

CaHiSi(NHCrHi1)I. . . . . . . . 
CaHISi(NHCcHir)i. . . . . . , . . . , . . , . . . . . . . . , . . , . , . , 

CaHiSi(NHCeHii)s. . . . . , . . . . . . . . . . . . . , . . . . . , . , . 
C I H ~ ~ ~ [ N ( C H I ) I ] I . .  . . . . 
C:HiSiIN(CsHl), 11. . , , . . . . . . . . . . . . . . . . , . , . . . . . 
CiHiSi(NHCeHI)r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIHiSi[NCHa(CeHI) lr[NH(iso-C~H~)l. . . , . . , . . . 
CIH~S~[NCHI(COHI)II..  . . . . . . . . . . . . . , , . . , . . . , , 

CiHiSi(NHCHrCsHI)l. . . . . . . 
CaKiSi[N(CHt)~CHr]i. , , . . . . , . , , . , . . , . . , , , , , 

CidlnSi [N(CrHdn]r . . . . . . . , . ,  . . . , ,  

l-CioHrSi(NHCaHdr. , . , , . . . . . . . . . , , . , , . , , , , . . . 
CIH~OS~(NHCHI)I .  . . , . , . . , .  , .  , . . . . . . . .  
C~H~OSI(NHC~HI)I .  . , . . . . . 
C ~ H ~ O S ~ ( N H C I H ~ ) I . .  . . . . 
CcHeOSi(NHC4Hr):. . . , . , 
C~HSOB~(NHC~HI)I . .  , . . . 
CeHrOSi(NHCHrCsHr)r. . . . . . . . . . . . . . . . . . . . . . . . . 
{ [(CzHr)rN]1Si):0. . . . 
CIS~IN(CHI)I]I., , . , . 
ClSi[N(CrHb)r]i, . . , , , . . . . . . . . . . . . . . . . . . , . . . . . . . , 
ClSi[NH(terl-C~H~)]r.. 
C1Si [N(CHI)~CHY]I, , , . . , . . . . . . . . . . . . . . . . . . , . , . . , 

. , , 
, . . . . , 

. . . . . . . 

. . . . . . . . , 

u 

. . . . . , . . . . . . . , .  

. . . . . . . . . . . . . . . . . , . . . .  

U 
SiIonctetromines: 

8i[NH(lcrt-CcHs)]~. . . , . . . . 
8i[N(CH1)!14. . . . . . . . . . , . . 
81 [N(CrHr)ilc. . . . . . . . . . . . . . . . , . . . . . , . , . . . . . . . . I . 
81 [N(CrHi)rl[NCHtCHrIi 

8i[N(CH1)cCHr14, , , . . . . , . . . . . . . . . . . . . . . . . . . . 
L J  

~ ~ ( N H C I H I ) ~ .  , . . . 
Si [NH(CiHCHro) 
8i [N(CH,COHI)IJ~. . 
8i[NC4H4IdI . . . . . I 

8i[NH(l-CioH1)14. . , . , . . . . . . . . . 

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  

~ ~ [ N I ~ ( ~ - C I O H ~ ) ] ~ .  . . . . , . . . , . . . . , . , , . . , . , , . , , , , , , 

(HiSi)rNCHi. . . . . . . . . . . , . , , . . , , , , , , , , , , , , , , , , , , , 

(HrSi)tNRHr. . . . . . . . . , , , , , , 
(H,Si)rNhHr 
(H18i)tNBCh 
(HrSihNBFr. . . . . . . . . , . , . , . . , . , , . , , , , , . , , , , , , , , , 
(HrSICHdrNCHr . . . . . . . . . . . . , . . . . . . , , , . . . , , , . , , , 
((CHdd3iIrN H . , , . , . . . . , , . . . , . . . . . . . . I . , . . . . . . . , 
[(CH:)IS~J~NCHI. , . . . . . . . . . . . . . . . 
I(CHI)IS~]~NCH~CII- 
l(CH1)r6ilrN(CHdrR 
I(CH1)18ilrN80~0Si ( 

Disilarancs: 

. . . . . . . . . . . . .  

TABLE 12 (Continued) 

Melting 
Point 

C. 

32 - 18 

17-18 

46-48 
-2  
12-16 
3-4 

81-82 

138 
i3i-ias 

173.4 

-124.et0 -124. 

-89.8 to -88.8 
-40 to -36 

80-66 (d.) 

-116 

Boiling 
Point 

OC, 

133-134/14 mm. 
232-234/1 mm. 
101/60 mm. 
10&109/16 mm. 
90/12 mm. 
120/11 mm. 
101-102/12 mm. 
125-126/16 mm. 
111-112/13 mm. 
131-132/16 mm. 
105-107/11 mm. 
18%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. 
lO4-185/3 mm. 
182-183/2 mm. 
187-189/2 mm. 
72-74/13 mm. 
136-137/10 mm. 
235/3 mm. 
204-206/10 mm. 
227-229/2-3 mm. 
21+218/l mm. 
172-176/2'mm. 

211-218/0.18 m m  

98-101/16 mm. 
115-118/16 mm. 
14+147/16 mm. 
134-13O/1. h mm. 
211%218/0.6 mm. 
218-223/0.5 mm. 
138-139/1 mm. 
62-83/12 mm. 
131-138/13 mm. 
138-141/34 mm. 
l66-168/3 mm. 

127-131/12 mm. 
74-76/19 mm. 
72-76/13 mm. 
166-168/14 mm. 
L00jlO mm. 

181-182/2 mm. 

)o 

148 
'1 
I78 
184/26 mm. 
W O .  06 mm. 

126.7-i2e.z 

i74-176 

d 

0.8773 (200) 

0.8884 (209 
0.8884 ( zoo)  
0.8546 ( Z O O )  

0.8645 ( Z O O )  

0,8332 (20') 
0.8596 ( Z O O )  

0.8489 ( zoo)  
0.8584 (zoo) 
0.8388 ( Z O O )  

0.9363 (209 
0.8627 (20') 
0.8460 (200) 
0,8473 (200) 
0.8639 (20") 
0.8471 (20') 
0.8430 (20') 
0.8452 (20') 
0.8516 (20') 
0,8607 (200) 
0.9478 (20') 
0.8egs ( z o o )  
0.8762 (20') 

1.0166 ( Z O O )  

1.0503 (20') 
0.9o~e (200) 

1.022 (23') 
0.9741 (20") 
0.9518 (20") 
0.9309 ( Z O O )  

0.973 (22') 
0.8881 (200) 
0.9028 (200) 

0.7741 ( Z O O )  

0.784 (25") 

0,820 (26") 
0.898 (260) 

0.8014 (20') 

nu 

1.4686 (20' 

1.4427 (20' 
1.4489 (200 
1.4380 (200 
1.4438 (200 
1.4339 (200' 
1.4494 (20": 
1.4412 (20': 
1.4480 ( Z O O ,  
1.4375 (200: 
1.494 (200) 
1.  eo30 ( zoo:  
1.4474 (200: 
1.4424 (20"; 
1.4438 (zoo:  
1.4414 (20': 
1.4416 (Zoo] 
1.4404 (20') 
1,4427 ( Z O O )  

1.4627 (20') 

1.4423 (ZOO)  

1.4699 (20") 

1,4603 (2001 

1.4918 (200) 

i I 6808 (a001 

1.6666 ( Z O O )  

1.6007 ( Z O O )  

1.4423 ( Z O O )  

I. 4460 (20") 
L ,4588 (200) 

, .443e (200) 
. .4mo (209 

.4078 (20') 

.4190 (26") 

.4363 (25') 

.4ooO (26") 

.4296 (209 

References 

:28) 
:3) 
'27) 
29) 
:el) 

'27) 

130. 166) 
155) 
166) 
130) 
156, 167) 

166) 
166) 
166) 
198) 
37) 
37) 
3 7) 
198) 
65) 
88. 79,112,!181, 186) 
143, 188) 
79) 
193) 
193) 
13) 
33, 170) 
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~ ~~ ~ 

Damlasansr: 

TABLE 12 (Continued) 

~~ ~~ 

O C .  

Compound 

(CIfI)iSiN(CHI)COCHi. . . . . , . . , , . . . . , . . . . . . . . . . . . 
(CHI) 15iN HCOC (CHa)=CHa. , . . . . . . . . . . . . . . , . . . . . 
(CH31SiNCO(CHa)rCHa.. . . . . 
I 

(CHi)iSiNHCOCirHr. . . . . . . . . . , . . . . . , . . . . . . . . . . . . 
(CHI)aSiNHCOC,HI. , . . , . , . . . . . . . . . 
(CHdifii N If CO N Hi .  , . . . . . . . . , , . . . . 
(CH1)iSiNCHrCONHCHi. . . . , , , , . .  , , , , .  . . , . , , , . , , 

. . , . .  . . I .  

. . . . . . . . .  
. .  , . .  

(CCaH,O)ISiNCO(CHi)tCO.. . . .  . . . .  . . . . . .  . . , . . , . . , - 
Telrakis(lriethy1silyl)urio acid. 

66-68 

118-120 
160-171 
77-79 
169-163 
66-67 

43 

( 1 1 )  AYLBTT, B. J., ~ E L ~ U A ,  H. J., AND MADDOCK, A. 0.: J. 
Inorg. & Nuclnnr Cham. 1, 187 (1955). 

J. Am. Chem. SOC.  70,435 (1948). 

( 1958). 

320 (1900). 

N.: Zhur. Priklad. Khim. 28, 886 (1955); Chem. hb- 
stracta 49, 16429 (1965). 

(12) BAILEY, D. I,., SOMMER, L. H. ,  A N D  WHITMORE, F. C.: 

(13) BECKFrGOEHRINO, M., AND WUNSClf ,  G.: Ann. 618, 43 

(14) BECKIP~~OEHRINO, M., A N D  WUNRCA,  0.: Chem. B c r .  93, 

(15) BELEN'KATA, N. a., VORONKOV, M. G., AND h L O O V ,  B. 

Boiling 
Point 

OC. 

102-103/50 mm. 
111-112.6/40 mm. 
100/1 mm. 
Q3/2 mm. 
188/2 mm. 
214-216/2.6 mm. 
266-267/3.6 mm. 
126-129/2-3 mm. 

96-97/8 mm. 
92-96/0 mm. 
llbll8/10 mm. 

210-211/14 mm. 
162-183/22 mm. 

70-72/24 mm. 
76-77/27 mm. 
34/3 mm. 

62 

108 
76/12 mm. 

261-266 

188 
190-193/11 mm. 
112-116/13 mm. 
l60/10 mm. 
2lb220 

147 
246-280/12 mm. 

226 
190-192/10 mm. 
191 

84-86/0.1 mm. 
186-188 
48-49/11 mm. 

77-81/6 mm. 

200-206/0.04 mm. 

d 

0.8036 (20') 
0.8316 (200) 

0.8363 ( Z O O )  

0.8860 (20') 
0.8841 (20") 
0.8022 (20") 
0.8860 (20") 

1.124 (lac) 
1.003 (16') 

0.886 (-106') 

0.8836 (20') 

0.9196 (200) 

0 . ~ 8 7  (200) 

0.9621 (20") 

'n D 

L .4340 (209 
L ,4423 (20') 

L .4478 (200) 
L . 4 m  (20') 
L .  4726 (20')  
L .4731 (20') 
1.6384 ( Z O O )  

1.4240 (aoo) 

I. 4646 (20'1 

1.4448 ( Z O O )  

1.4664 (20') 
1.4870 (20') 

1.4789 (2001 

1.4379 (24'1 

Referenoen 

(16) BENKESER, R. A,, ROBINSON, R. E., ANn LANDBEMAN, H.: 
J. Am. Chom. 900. 74, 5699 (1952). 

50, 10587 (1956). 
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