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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 constants 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
résumé 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 H;SiNH, are
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TABLE 1

Nomenclature of silicon-nitrogen compounds

Other Names In the Literature

Formula Preferred Name
(HaBD N . oo v et tisenesrnsssesresscnssnsran Trisiiylamine
(HaS)aNCHi. . .ovvt s N-Methyldisiiasane
HaSiN(CH . o oo et iii vt caeeteriiaeennssas N,N-Dimethylsilylamine
[CHDsSIIN . ..ot i v Tris(trimethylsilyl)amine
(CrH)SINH I .ot iin it ieiiieaia s Triethylsilylamine
(CoHa)sSiNHC Hs. ... v v iniii s N-Ethyltriethylsilylamine

(ert-CaHo)sSi(NH)s. ... .oiii i eanns
(Cr:HSI(NHCH) 1. .. .o cvviviviiiaiicnianenas
CiHaSiIN(CH) a1, . o vvven it ieiiscnnnanns
CHSINH. .ot i ciiiia i
[CsH)SiNCHa. ..o
[CH)SINH . oo vvv v iiiie e iiiinans
[CeHDSINH . . cviiiiii e
(CH)SINHNHCHG. . ..ot ieve i

Di-tert-butylsilanediamine
Bis(methylamino)diethylsiiane
Tris(dimethylamino)ethylsilane
Hexamethyldisilazane
N-Methylhexaphenyldisilasane
Hexamethyloyclotrisilazane
Octaphenyicyoclotetrasilazane
N-(Trimethylsilyl)-N’-phenylhydrasine

Disiiylmethylamine
Siiyldimethylamine

Triethylaminosilane, triethylsilazane,
triethylsilioylamine

Triethyl-N-ethylaminosilane, N-ethyl-
(triethylsilyi)amine

Di-tert-butyldisminosilane

Ditrimethylsilicylamlne

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 H;Si-
(NHSiH,) , NHSiH;. Compounds of this series are called
disilazanes, trisilazanes, etc., depending upon the num-
ber of silicon atoms in the molecule. Two spellings. of
this generic name are found in the literature, silazane
and silazine, with the former being preferred. ‘

Compounds of the type (H,SiNH), 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.

I1. PaysicAL PROPERTIES OF S1LICON—-NITROGEN
CoMPOUNDS

The molecular structure of the simple silylamines dif-
fers markedly from that of their carbon analogs. On the
basis of electron-diffraction data (89) and infrared and
Raman spectra (56, 110, 160), trisilylamine is a co-
planar molecule, as is tri(methylsilyl)amine (57). Tris-
(trimethylsilyl)amine is nonplanar (79). In conjunction
with its coplanar structure, the silicon-nitrogen dis-
tance of trisilylamine is shorter than that calculated or
that observed in other silicon-nitrogen systems (see
table 2). These properties of the simple silylamines have
been interpreted in terms of the ability of the extra pair
of electrons of the nitrogen to enter into the empty d
orbitals of the silicon (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 keal./mole (198).

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

HSi  SiH, H:Si  SiH, HsSi  SiH,
N N,

N — —
éiHa giHa éiH;

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

The relative basicities of trisilylamine and the other
simple silylamines have been studied, using trimethyl-
boron as the reference acid and trimethylamine as the
reference base. From the standpoint of electronegativ-
ity, trisilylamine should be a strong base but it is, in

- fact, a very weak base. The actual pK, has not been

determined because of facile cleavage of the silicon—
nitrogen bond by acidic reagents. Neither trisilylamine
nor 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:

(CH:):N > H;SiN(CHs)s > (H,Si)s)NCH, ~ (H;Si):N

This decrease in basicity as methyl groups-are replaced

TABLE 2
Bond distances and bond angles for silicon-nitrogen compounds
N—Si—N '
Bond Si—N—S8i Refer-
Gompound Distance* :ond Bond Angie ence
ngle
[(CH»)sSiNH)s..| 1.78 &= 0.03 111 £ 5° | 117 £ 4° (220)
[(CHy)sSiNH)i .. —_ — 123 =+ 4° (220)
(HsSi)aN........ 1.738 = 0.020 —_ 119.6 £ 1.0° | (89)
{(CHi)sSihNH. . —_ — 131° (108)

* Calouiated: 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(methylsilyl)amine nor N-methyldi(methylsilyl)-
amine forms a complex with trimethylboron, but N,N-
dimethyl(methylsilyl)amine does undergo complex for-
mation (55). Tetrasilylhydrazine does not function as
an electron acceptor or donor (9). On the other hand,
hexamethyldisilazane forms complexes with boron tri-
fluoride (145) and sulfur trioxide (13).

In the infrared spectra of trialkylsilylamines, nitro-
gen-hydrogen bond stretching and deformation fre-
quencies are similar to those of normal amines (62).
The silicon-nitrogen bond asymmetric stretching fre-
quency in the simple silylamines has been observed in
the 900-1000 em. ! région (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-
methyleyclotrisilazane (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.

ITT. SynTHESIS OF SILICON-NITROGEN COMPOUNDS

A. SYNTHESIS FROM HALOSILANES

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

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

R:SIiCl 4+ 2R'NH: = R,SiNHR’ 4+ R'NH,C]

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 monohalostlanes

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).

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

H,SiCl + CH,NH; — 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,Cl + NH, — (CH;H,SiiN

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

(CH,)SiCl + NHy — (CH,),SiNHSi(CH,),

Attempts to obtain tris(trimethylsilyl)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.

[(CH,):8i]:NLi + (CH,)SiCl — [(CH,)Si];N

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)
(CH,),SiNHCH, + (CH,):SiCl — [(CH,)sSi]:NCH,

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

(Csz),SiHCl + NH; - [(CsHa)zHSi]]NH

Increasing the size of the substituent on the silicon
atom from methyl to ethyl does not affect the degree of
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TABLE 3
Synthesis of silicon-nilrogen compounds from monohalosilanes
Halosilane Amine Product Yield Referonces
per cenl
b2 £ H o PN NH, (HaSi)sN 80 (37, 67, 180, 198)
CHiNH, (HsSi)sNCH, 85 (37, 59, 60)
C:H;NH, (HiSi)sNCsH, —_ (59, 60)
(CII)sNH HySiN(CHa)s — (59, 60)
DiBICL ... iviiiii it NH, (DaSi)aN - (58, 160)
HSIBr.......oiiiiiiiiiarisnnnenas NH, (HaSi)sN 84 (198)
CHiNH, (HsSi)PNCH, — (198)
(Cl))aNH HiSIN(CHi)s —_ (198)
CHsSIHsCl. . ....ov i i cia NH, (CHsSiHiaN 65-70 (58)
CHiNH, (CHiSiH1)sNCH, 85 (88)
CHBIHI. . ......ov v iiiniiinininnns (CHy)1NH CH,iSiHiN(CHai)s 20 (55)
(€03 < 0 1 {0 NH, [(CH»)sSi hNH 45-70 (133, 140, 143, 169, 181)
CHiNH, (CHi)sSiNHCH, 38-58 (169)
{(CH#)18ih)NCH: 40 (145)
(CHy):NH (CH»)1SiN(CHa)s — (85, 140)
CyHiNH, (CH)sSiNHC H, 25 (169)
(CiH)s)NH (CH1)sSiN(CsHs)s 32 (112, 149, 169)
CHy==CHOC(CH,);NH, (CH))1SiNHC(CHi)sOCH=CH, 66 (50)
tert-C(HyNH, (CH)sSiNH(tert-CiHo) —_ (149)
CsH(NH, (CH1)1SiNHCH, 60-80 (2, 145)
(CH)sSiNHCH, [(CH1)sSihNCH, 61 (169)
[(CH1)sSi}sNNa [(CHi)sSihN 60 (79)
[(CH#)1SihNLi [(CH1)s8i hN 85 (210)
CHNNK (CH#)1SiNCH, 48 (64)
| I— -
AgOSO:NH, (CH))1SiOSOsN HSi(CHa)s 94 (142)
NH,CHyCOOC;H, (CHy)sSiNHCHsCOOC:Hs 84 (20, 21)
NHiCHiCOONa (CH»)1SiNHCH,COOSi(CHa)s — (164)
CHiCONH, (CHi)sSiNHCOCH, —_ (95)
(CHa)sSiCHsSi(CH)sBr. . .. .....vveuu et NH, [(CH)1SiCHaSi(CHi)s JhsNH 84 (141)
CHMSIHCL. ... v s s NH, [(CiH)sSiH)Z)NH 63 (178)
(CHa)sCaHaBICL. ... ..o NH, [(CH):CiHSihNH 63 (179)
(CiH)sCHWBICL. .. ..o vvvvivneccinnnnns NH, [(CsH1)sCHsSi {NH 70 (179)
(CH)CsHISIBr. .. .. oo cvvvceninaens NH, [(CHy)1CsHiSihNH —_ (180)
(CHDBICL ..o i NH, (CryHi)sSiNH, 70 (12, 169)
[(C1Hs)sSi)h)NH —_ (169)
CHuNH, (CsH1)sSiNHCH, 53 (8)
(CHa)sNH (CiH1)sSiN(CHa)s — 8)
CiH;NH, (C1H1)sSiNHCH, — (8, 127, 149)
(CiH))NH (CiH)1SiN(CiHi)s — (8, 100, 149)
CiHsNHCH,CN (C1Hs)1SiN(CsHs) CHyCH,CN 40 (139)
CsH(NH, (CrhH)sSiNIICHs 72 (2, 127)
CsHsCH3sNH; (CsH1)sSiNHCH,CH, —_ (127)
C'HsCH(CHs) NH; (CsH4)sSiNHCH(CH1)CiHs —_ (127)
p-CHYCiHLNH, (CiHy)sSiNH(CsHiCHrp) — 127
AgOSOsNH, (Cr1Hs)18i0S0sNHSi (CiHn)s 97 (142)
(CrHasSIBr. ..o cv i iice i s CiHsNH,y/Li (CrH:)2SiNIIC Ha — (105)
[CHsCH(C)) )(CsHy)sSiCl......... e NH, [CHACH(CD) )(Ci111),SiNH, 88 (12)
[CICH/CHa J(CaH)sBICL oo v oo v vvev e eaas NH [CICHCH;)(C1Hs)1SiN Hy 60 (184)
(CeH)(CH)(CHOSICL. .. .ovvvvv v p-CHYCsHUINH) (CsI11) (CHa) (C1Hy) SINH(CsHiCHrp) — (102)
(CeHaCHi) (CHy) (CiH)SICL. . . . v vvvs e p-CHiCsHINH, (CoHCIH1) (CHi) (Cy Hy) SiNH(CsHWCHe-p) - (103)
(CiHy)sSiCHsSi(CaHa)aBr. . ..o oo v NH, (C1H1)s8iC HaS8i(CsHs): NHy 61 (141)
(CaHMSICL ..o i v ia s NH, (C1H»)sSiN1Iy 88 (124)
CH,NH, (Ci1H))sSiNHCH, 30 (124)
(CH):NH (C1H1)3SiN (CHi)s 70 (124)
CiH:NH, (CiH»)sSiNIIC:Ha 65 (124)
(CrlIihiNH (C4H1)18iN(Calls)s 79 (124)
CiH:NH, (CiH2)sSiNHCH: 64 (124)
iso-CsH:NHy (CiH»)1SiNH(iso-CiHy) 74 (124)
(C1H)sSiCHaSI(CaHMaBr. .. oo v v NH, (Ci1H1)s8iCHaSi(CiH1)sNHy 73 (141)
(CaHNISICL .o v oot irseannaans NH, (CdH,y)1SiNH, — (120)
CHiNH, (CiH)sSiNHCH, — (120)
CilI;NH, (CiH»)sSiNHC, 1, —_ (120)
(CiHs):NH (CiHp)1SiN(CiHa)s — (120)
CilI;NH, (CiH1)1SiNHCi H: —_ (120)
iso-ChH,NH, (CiH1)sSiNH(iso-Ci1Hy) —_ (120)
CiH,NH, (CiHo)1SiNHCH, — (120)
(CeHo)sSICHSI(CiH)Br. . .. .oovvin v NH, (CiHy)sSiCH,Si(CiHy)21NH, 80 (141)
(073 2 £ 1 o) VA NH, (CsHa)sSiNH, — (154)
CyH:NH, (CsHe)1SiNHC,H, 65-85 (18)
(CiH,):NLi (CsH)1SiN(CiHo)s 10 (71)
CHiCONH; (CyH1)1SiNHCOCH, — (95)
(€073 (1171 - ) 3N CiHiNH, (C1H)1SiNHCiHy 65-85 (16)
(CeHOSSIF. ..o ciii s NHy/Li [(CaHy)sSi)h)NH 32 (45)
(CsH1)sNLi (CiHs)18iN (CsHs)s 20 (46)
[P-(CH)INCH(SSICL. ... .oovv v ienns NH, [p-(CH3)sNCi114)sSiNH, 25 (205)
(P-CHsCeHOSIF. ..o vvvie v NHy/Li [(p~CH1CiH)1SihNH 23 45
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TABLE 3 (Continued)

Halosilane Amine Produet Yield References
per cent
(O-CHaCH)SICL. ... ... oo n e (CiHy)aNLi (0-CH3CsHe)18iN (CiHy)s 55 72)
Q-CroHDSiF . o e e i NaNH; or NHy/Li (1-C10H1)sSiNH, 50 (44, 45)
[(CsHe)sGehSiBr.. .. ....ovvvvvniinn. NH, [(CyHi)1GesSiN H,y 90 (137)
[0} 3 £10 )77 o) FA NN NH, [(CHs0)sSihiNH 35 (162)
(CH1O)s(tert-CaHO)SICL. .. ... ouvvs e NH, (CH10)a(tert-CiH0)SiNH, — (147)
CoHs(CHIO)aSICi. .. oo oo NH, [C«Hy(CH1ONSi hINH — (1682)
(CHONMSICl et NH, [(C1H10)sSisNH 58 (162)
(CHy)sNH (CyH10)18iN(CHa)s 71 (162)
(is0-CrH20)a8iCH. o ovvvn o NH) (iso-C1H10)1SiNH — (175)
(is0-CaHy)s(tert-CdHO)SICL, ... ........ .. NH, (is0-C1H:0)s(tert-CyH,O) SiN H,y 78 (138)
(073 : £10) 17 {0 T NH, (C«H,0)1SiNH, 82 (118, 117)
CHiNH, (C4H,0)sSiNHCH, — 117)
CyH\NH, (C4H,,0)sSiNHC:H, -—_ (116, 117)
(CyHs)sNH (C4H0)3SiN(CsHys)s 45 (99)
CH,CH;NH (CiH,0)sSiNCHCH, — (91)
L L J
CiH:NH: (CiH0)1SiNHCi I, — 117)
C«H,NH, (CH,0)sSiNHC H, —_ (117)
CsHeNH, (C4H0)sSiNHCsH, 57 (99, 117)
(8ec-CiHO)SICY. ... ..o NH, (gec-CiH90)2SiNH, —_ an
(CdH0) (tert-CH0)aSICY. .. ........... NH, (CeH,0) (tert-CiH0)1SiNH: — (147)
(tert-CaHo0)sSiCl. v vvnnnv v ivnenns NH, (tert-CiH,0)18iNH, 85 (138, 147)
(tert-CyHo0)(CHaO)SICL. .. ... .. vu el NH, (tert-CHs0):(CHsO)SiN Hy 83 (138)
(tert-CiHO0)(CHO)SICL, . ............. NH, (tert-C4H,0)1(CiHs0)SiNH, 85 (138)
(tert-CyH0)1(i80-CoH,0)SICE. . ... ... .. .. NH, (tert-CiH0)1(iso-CsH10) SiN H, 62 (138)
(CeHiONSICE. . oo i NH, (CsH(0)1SiN Hy 20 (175, 214)
[(CsHs0)18i):NH —_ (1632)
NH:(CHi)sNH, (C1H,0)1S1N(CHs)sC Hy 80 (178)
| I
[(CH)NWSICI. ... (CHs)sNH [(CH»)sNi8i — 27
[(CsH)aNRSIHCL. . ..o (CaH)ZaNH {(C1H) 1N )s8iH 89 (202)
[(CsH)aNESI(CH)CL.........ovv vt (CiHZ)NH [(CyH)1N )sSiCH, 13 (202)
[(CiH)INQWSI(CH)CL. . ... (CiHy)sNH {(CyHa)aN hSiCaH, 4 (202)
[(CiH)sNJWSI(CHACL. . .. NH, {(C1H¢)sN )2Si(CyH;) NH, 69 (200)
(C:Hy)sNH [(CsH)sN hiSiCaH, 2 (202)
(Ci1Hy)sNMgBr [(CaH )1 N 11SiCaH, 32 (202)
i80-CyH:NH, {(CsH )N )sSi(CsH7) (N H-is0-Cs k) 64 (200)
[(CoHe)aN®SIiCl. . ... (CrHa)sNMgBr [(CsHi)aN 18I 53 (29)
(tert-C4HaNH)SiHCL. .................. tert-CJHoNH, (tert-C4HINH)SIH 1.} (202)
(tert-C4H NH)SI(CH)CL.... . ........... tert-C(HoNHi (tert-C HyNH)1SiCHa 48 (202)
(tert-CrH NHMWSI(CHH)Ci. ... ... ... ... tert-C{H N H, (tert-CdHyNH)1SiCiHy 13 (202)
(tert-CaHoNH)SI(CsH)CL, .. ... ..., NH, (tert-C{HoN H)1Si(CiHr) NH, 70 (200)
CiHsNH, (tert-C{HoNH)18i(CasH:) (NHC, Hy) 89 (200)
iso-CsH:NH, (te, t-CH N H)18i(CsH1) (N H-iso-CaHr) 73 (200)
tert-C«HiNH, (tert-C{HINH)1SiCoH; ' 2 (202)
tert-C/4H.NHMgBr (tert-CiHoN H)1SiCaH1 42 (202)
{CHa(CH)NJWSICL..........oo e CH:;(CH2)«NH {CHy(CHi1)1N)iSi —_ 27
| IS | | I e

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

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

(C.H:»SiCl + NH, — (C.H;):SiNH,
The disilazane may be obtained by treating the silyl-
amine with triethylchlorosilane at a higher temperature
(8). Both the «- and the p-chloroethyldiethylchloro-
silanes yield the corresponding silylamines when
treated with ammonia (12, 184). The a-chloro isomer is
stable, but the B-chloro isomer undergoes g-elimina-

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

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

(C|HQ)ISiCl + NH; - (C|Ho)asiNHs
Trimethylchlorosilane (169), triethylchlorosilane (8,
127), tripropylchlorosilane (124), and tributylchloro-
silane (120) react with primary and secondary amines
to yield the N-substituted silylamines.
RSiCl + R'NH; — R SiNHR’
R:SiCl + RJNH — R.SINR]
Triphenylchlorosilane reacts with ammonia to yield
the silylamine (106), while triphenylfluorosilane with

lithium in liquid ammonia results in the formation of
the disilazane (45).

(CsH)iSiCl + NH, —
(CeHs)iSiF + Li/NH, —

(CeH;)2SiNH,
[(CeH,):8i]sNH
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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;0)8iCl + NH, — [(CH,0),8i].NH
(CHO)8iCl + NHy — (C,H;0);SiNH;

The reactions of monohalosilylamines with amines
present a situation in which the greater reactivity of
the bromosilanes as compared to that of the chloro-
silanes is apparent (27, 28, 29, 30, 202). Tris(dimethyl-
amino)chlorosilane reacts with dimethylamine in a
sealed tube at 100°C. to yield tetrakis(dimethylamino)-
silane (27).

[(CH,).N1:SiCl + (CH,:NH — [(CH,):N].Si

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

[(CzHE)ZN]aSiBP + (Csz)zNMgBr -

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,CH,COOC:H; — (CH,)SiNHCH,COOC;H,

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

(CH,);8iCl + NH,CH,COONa — (CH,);SiNHCH;COOS{(CHj);

The N-carbophenoxyamino acids undergo decomposi-

{C:H:)N].8i

tion with trimethylchlorosilane (19), while the N-ben-
zoyl 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 O- and the N-
silylsulfamides (142). The intermediate O-silyl deriva-
tive could not be isolated.

(CH,):8iCl + AgOSO:2NH, — (CH,)Si0S0.NHSi(CH,),

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

(CH,):8iCl + CH,CN E: (CH;),SiCH=C=NS8i(CH,); +
(CH,):SiCH(CN)Si(CHa)s +
(CHy)Si 4+ (CH,)SICN + (CH,)S8iCH,.CN

2. From dihalosilanes

The reaction of a dihalosilane with ammonia or an
amine results in the formation of a silylamine, a cyclo-
silazane, or a polysilazane depending upon the reactants
and ‘the reaction conditions (see table 4). With dihalo-
silanes in which there is little hindrance, the cyclosila-
zganes 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 eyclo-
silazane over that of polysilazane.

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

RSICL -5 R,S(NH) — RSINEST,

I NH; NH;
b1
1 |
R,SiNHSi(R)NHSIR, R R
| \./
NH, NH, SI
v R N{{ “WER
| N

] S
1 R N{ R
111
Polysilazanes R,SiNHSIiR,
NH NH
RzgiNH iR,
A

The condensation reactions might occur either by silyl-
amine condensation or by reaction of the silylamine
with a dihalosilane. Both reactions are known, and it
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TABLE 4
Synthesis of silicon—niirogen compounds from dihalosilanes
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[CHi(CH)NIBICH. . coovvveve v iiiiiiiinnnn
—

CHy(CHy)«NH
| S|

[CH(CH,)«N 1:8iC1
| I

Hslosilane Amine Produot Yield Raferences
Per cent
3 01 ) P NH, Polysiiazane —_ (198)
CHiBIHCh. . ..vvverinieiinnstanesconnronsnssns NH, Polysilazane — (33)
(€022 60 T H 0 N NH, Polysilazane — (83, 163)
[(CH1)sSiNH)s 36-50 (33, 128, 145)
[(CH,)s8iNH)« 2642 (33, 34, 82, 145)
CHiNH, (CH,)sSi(NHCHi)s 58 (128)
(CHy)sNH (CHi)sSi[N(CHy)s)s 82 3)
CiyHiNH, (CHi)sSi(NHCiHi)s 68 (128)
CH,CH;NH (CHy)sSi{NCHiCHz:)s —_ 01)
| — 4
(CyHy)sNH (CHy)s8i{N(CiHi)s)s — (150)
CiyHyNH, (CHi)1Si(NHCsHs)s 68 (128)
[(CH1)1Si(NCsHz) )s 85 (128)
NH,CH\COOC:Ha (CHj1)sSi(OCsHi)s - (21)
(CHy)(CaHNSICl. .o vvvvivnieirsrarteannnsssins NH, [(CHy) (CsHy)SiNH)s 53 (92)
(CHa)(CoH)SICla: vvvv vvvnnnnnnssnnnnnsnssssenns NH, [(CHi)(CaH1)SiNH)y 43 (92)
(07 2 0T - T o PN NH, Polysilazane — (40)
[(CiH)1SiNH)a 85 (33)
[(Cs¥4)sSiNH ) —_ (33)
(CiH)1NH (CsHs)aSi{N(CiHs)a)s —_ (100)
(CiHs)s8i [N (CiHs) C1 — (100)
(0702 ) 7T [ o] PPN NH, [(C«Hs)sSiNH)s — (188)
(tert-CyH)(CHOSICl oo vvv v cvviinnniannanenas NH, (tert-CyHo) (CHi) Si(NHi)s (i1} (188)
(bert-CoeHa)aSiCla. oo vvvvvvnvnnanns Cerea e NH, (tert-CyHo)sSi(NHa)s 50 (188)
(bert-CaHy) (CeHa)SICli oo vvv v vveininncininnnnnnss NH, (tert-CyHo) (CaHs) Si(NHai)s 80 (188)
(ert~-CiHy) (CuuHn)SiClas oo v i ininvnnn i e NH, (tert-CiHo) (CsI1s)Si(NHai)s 85 (188)
(€07 < 01 1< 1) PR PN NH, [(CsH:)2SiN1I)s 62 (121)
CHiNH, (CsHs):Si(NHCHy)s — (121)
CyH:NH, (CsHs):Si(NHCiH:)s 70 (121)
CeHuNH, (CsHs)1SI(NHCsHu)s — (121)
CyHsNHi (CsH)1Si(NHCsHs) s 35 2)
CH:CH,NH, (CoHs):S1(NHCH:CsHs)s — (121)
(CsHiCH)sSICh. v v oo tvivnnencnrsrnnsncsnssnrans CH,CH:NH (CsHsCH1)1sSi{NCH;CHa s -— 01)
L L J
CHsCHCHi:NH (CsHsCH:):Si{NCH,CHCHi )y —_ (91)
| | I
[T T 2 £ T N NH, (1-C1oH1)sSi(NHi)s 100 (44)
CsHiN H, (1-C0H1)Si (N HCs Hi)s 72 (44)
(03 2 €10 ) 7 £ {0 P NH [(CH)0):8iNH)= —_ (162)
CHyCH;NH (CH30):8i{NCH:CHi)s — 91)
L e
(180-CaHIO)IBIC, .o s s v st ivta s it s s NH, [(is0-C1H10):SiNH})s 20 (214)
[(is0-CsH:0):8i(NHa)s)sNH 80 (175)
(077 = 010 77 T P O NH, [(C4H0):SiNH}s — (116)
CH\iNH, (CiH0):Si(NHCH,)s 79 (118)
CiH;NH, (CiH50)s8i(NHC:Hj)s — (116, 118)
CH;CH:NH (CdH,,0):Si[NCH2CH:)y —_ 1)
L L J
C:H:NH, (CH0)38i(NIICsHi)s — (118)
C(H,NH, (CiH;0):Si(NHC(H;s)s —_ (118)
CsHiNH, (CiH0):Si(NHCsHi)s 39 (99, 118)
(tert-CaH3O)(CHIO)SICl, .o vviviassnnnnsnes NH, (tert-CyHs0) (CH,0)Si{NH)s 20 (138)
(art-CiH4O)(CsHIO)SBICla. o . v v cvviiinnnnsnnnnns NH, (tert-C4Hy0) (C:HsO)Si(N Hi)y 65 (138)
(tert-CiH10) (i80-CsH:0)SICls. o .o v vvvvvnennnnene NH, (tert-CyI0) (iso-Ca1H:0) Si(N Ha)s 62 (138)
(Lert-CaHyO)(CaHIO)BICls. o . vvv e iviivnnnnnnnnnes NH, (tert-C1150) (C4H0)Si(NHi)s 48 (138)
(tert-CiH10) (2ec-CsH1O)BICls. . . .o vvviv i iiannns NH, (tert-C4H30) (sec-CiH sO) Si(N Hs)s 70 (138)
(lert-CiHyONSICl1. ot v vv v s tarnnninrassnannsnnns NH, {(tert-CiH0)2SiNH) — (129)
[(tert-CiH;0)sSi(NHs) h)NH —_ (129)
(tert-CiH0):Si(N Hi)s 81-84 (129, 138, 147)
CiyHsNH, (tert-CyH0)1SI(NHCH)s — (129)
C:HuNH, (tert-CiH0)sSi(NHCHu)s — (129)
CsHiNH) (tert-C4H:0)s81 (NHCsHs)s —_ (1290)
CsH:CHisNH, (tert-C4H10):Si(NHCHisCsHs)s —_ (129)
(tert-CaHuO)sSiC. 0.« o v vttt it i cninninasanes NH; (tert-CaH10)2Si{NH3)s 71 (138)
(07 3 110 )11 H o PP NH, [(CsH1OMSiNH)s 50 (175)
[(CsHOMSiNH], 50 (175)
[(CoH)aNBSICla. v o v vvs ciner it iae e (Cills)sNH {(C211)aN )sSiCi 91 (27, 202)
[(CaH)INJCH)DSICl. oot vvciiiiciinnnns is0-C:HiNHa {(C:H)aN )(C1H ) Si{NH (is0-CaH1) )s 82 (200)
(ig0-CsHyNH)(CsH)SICls. . o oot e es iso-ChH:NH, (i80-CsH: N H)18iCyHy 57 (200)
(tert-CJHyNH)(CaH))SICh. . . ot veeviivincnn e iso-CsH)NH, (tert-C4HsN H) (iso-CsH, N H)sSiCsH; 76 (200)
[(CHy(CHa)« CH)sNJ(CsH)BICli. oo oo vvvvavvn v e is0-CaHi N Hy [(CH:(CHi)«CH)sN(iso-CsH; N H) 8i(C:H?) 77 (200)
| I e_ .
[CeH(CH)NNCHDSICls. ..o vvviinnvevunanss iso-ChH:NH, [CsHa(CH,) N)(iso-CsH: N H)18iCaH: 10 (200)
(tert-CiHyNH)SIClt. o o vvvs et vnsneneanasaraens tert-C4HoNH, (tert-CyHHsNH)1SiCl 22 (30, 32, 202)
— (27)
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is probable that they occur simultaneously.

With dichlorosilane (195) and with methylchloro-
silane (33) only polysilazanes have been obtained.
Higher monoalkyl- or monoaryldichlorosilanes have
not been reported.

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

Cyeclotrisilazanes 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 = C;H;) and the cyclotrisilazane (IV:
R = C,;H;) 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 fert-butyl, the condensation
reactions are blocked and the silanediamine may be
isolated in good yield (186).

(tert-CH,)-SiCls + NH; — (tert-C(H,)Si(NH,),

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 (II: R = CeHy) (121).

(CeH;)SiCls + NH: —  [(C.H;).SiNH],

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, (CH;0),-
Si=NH (162); however, this has been discounted by
Larsson, who has suggested that the compound is a
cyclosilazane (129).

The diisopropoxydichlorosilane with ammonia yields,
besides the cyclotrisilazane, the diaminodisilazane (II:
R = is0-C;H;0) (129). The latter compound may be
converted to the cyclotrisilazane (175, 214) and to
the cyclotetrasilazane (175) by heating.

The product obtained from the reaction of di-fert-
butoxydichlorosilane and ammonia depends upon re-
action conditions. Cyclotrisilazane is synthesized by
bubbling ammonia through a refluxing solution of the
dichlorosilane in carbon tetrachloride (129). However,
if the dichlorosilane is added to liquid ammonia,
both di-tert-butoxydiaminodisilazane (129, 138) and
tetra-tert-butoxydiaminodisilazane (I1: R = tert-C{H,0)
are obtained.

As in the case of the tert-butyl group, the presence
of at least one fert-alkoxy group on the silicon allows
the isolation of stable silanediamines (138). Specific
examples are found in table 4. It is interesting to
compare the yields of tert-butoxymethoxysilanedia-
mine (20 per cent), fert-butoxyethoxysilanediamine
(65 per cent), and ter{-butylmethylsilanediamine (65
per cent). When compared to the higher yield of tert-
butylmethylsilanediamine, the increase in yield pro-
ceeding from fert-butoxymethoxysilanediamine to tert-
butoxyethoxysilanediamine suggests that the tfert-
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 ecyclo-
trisilazane (68), while di-ter{-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-phenyl)cyclotrisilazane in 65 per cent
yield (128). The dimethylbis(phenylamino)silane was
also obtained when less strenuous conditions were
employed (128).

(CH,):S8iCl; + CeH:NH; — [(CH;).SiNCeH, ],

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

(1-CyoH;).8iFs 4+ CsH;NHs — (1-C;H;):Si(NHCH;),

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;)%SiCly + (C:H),NH —

When both reactants are very hindered, such as in the
case of tri(fert-butylamine)chlorosilane and fert-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

(C2Hs)2[(C.H,)2N]SiCl
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silicon atom, (b) increasing size of the amine molecule,
and (¢) variation of the halogen is not possible on the
basis of present knowledge.

3. From trihalosilanes

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

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

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

RSiCl; + R.NH — RSiCL,NR,
RSiCLNR, + R,NH — RSIiCINR,),
RSiCNR.): + RONH — RSi(NR.)

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

4. From tetrahalostlanes and higher halostlanes

The reaction of ammonia and silicon tetrachloride
yields a heterogeneous polymeric material of the general
formula (SiNH), (17, 25, 76, 111, 173, 221). There is no
general agreement as to its composition, probably be-
cause of the variety of reaction conditions employed.
Pyrolysis of this polysilazane results in the formation of
pure a-silicon nitride (a-Si,N3) (75). Silicon nitride may
also be obtained by reaction of nitrogen or ammonia
with silicon metal at 1350-1450°C. (18, 75). Here,
however, both the - and the B-silicon nitrides are
formed, with the a-form being favored at the lower
reaction temperatures (75). From a gaseous, high-
temperature (825°C.) reaction of ammonia and silicon

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

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

B. SYNTHESIS FROM COMPOUNDS CONTAINING
A SILICON-HYDROGEN BOND

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

(C:Hs)SiH + Li + NHy — (C.H;)\SiNH; + [(C.H;):Sil.NH

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

Triethylsilane gives no reaction with ammonia at
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).

(CeHs)sSiH + Na + NH, — [(CeH,),Si].NH

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

(CeH,)sSiH + LINHR — (C,H,):SiNHR

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

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

C. SYNTHESIS BY THE BSILYLAMINE-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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TABLE 5
Synthests of silicon-nitrogen compounds from trihalosilanes
Halosilane Amine Produot Yield References
per cenl
2 (o] P PN NH, Polysilazane — (166)
(CiHi)Z)NH HSi[N(CsH1)1)sCl —_ (202)
tert-CJHyNH, HSi{NH(tert-CiHy) hCl —_ (202)
Ci1HiNH, HSi(NHCiHi)s —_ (165)
CH(NK Si{NC(H)s — (157)
| D] (-
HSi{NCH)s —_ (157)
J
CHa8iCli........... Ceaaaaaaaaaaaaeaas NH, Polysilazane — (92)
(CH»)1NH CH,Si{N(CHi]s 83 3)
(CiH:)Zh)NH CH;8i[N(Ci1Hi)s)sCl —_ (202)
tert-C4HyNHy CHSi[NH(tert-CiHa) sCl — (202)
NHiCH,COOCsH, CH3i8i(0CiHi)s —_ (21)
(023 2 €1~ o] 1 N NH, Polysilazane 95 (41)
(CiHa)aNH CaH:Si {N(CiHs)1 11C1 —_ (202)
tert-C4¢H,NHy CiH,Si [N H(tert-CiHy) )sC1 — (202)
CsHiNH, CiHsSi(NHCsH1)s 72 (2)
(07 2 1 T P CHiNH, CiH:Si(NHCHy)s 88 (200)
(CHi)sNH CiH:Si{N(CHj)s s 74 (200)
CiHUNH, CiH»Si{NHC:Hs)s 93 (200)
(CsHi)ZsNH CiH:Si{N(Ci1Hs)1):C1 73 (200)
CsH18i [N (CsHs)1]Cis 72 (200)
CiH:NH, CH:Si(NHC1Hi)s 90 (200)
iso-CsHiNH, CiH:Si{NH(iso-C.H) )s 86 (200)
CiH:Si{NH(iso-C1H1) |Ch 53 (200)
CHNH, Ci1H:Si(NHCHs)s 77 (200)
is0-C4HoNHy CiHSi{NH(iso-CiHy) 1 81 (200)
sec-C/H¢NH, CiH:Si{NH(sec-Cills) s 08 (200)
tert-CJH N H, CrH:Si{NH (tert-CiHy) 1sCl 81 (200)
CaH:Si[NH(tert-CiHa) ICla 67 (200)
CsHuNH, CiH:Si(NHCsHu)s 77 (200)
CHy(CHa)«NH CiHiSi{N(CHi)(«CHi)s 68 (200)
| IS | | I
C:HyNH, CiHSi(NHC:sHs)s 85 (200)
CsHi(CH))NH CiH:Si{N(CHy)CsHi)s 36 (200)
C:HSi{N(CHy)CeH;)Cis 11 (200)
CiHISIBrI. s v vviriniirisninanasansnes (ChHy)s1NH CiHLSi[N(CiHa)s)s 50 (202)
(iso-CaH)) s NH CiHi8i [N (iso-C1Hi)1)Brs 68 (202)
C:Hi(CHy)NH CiH:Si{N(CHi)CsH;)sBr 30 (202)
(027 2 01 53 tert-C4H,NH, CH:Si{NH(tert-C4Ho) I 85 (202)
CuHnSiCli...oicvvvviicinenennnnns (CiHs)ZsNH CuHaSi(N(CiHsh )s — (100)
DR 0T £ ) T NH, Polysilazane —_ (44)
CsH'NH, 1-C1oH:Si(NHCsHs)4 100 (44)
CiHOSICl. 0o vvevvivvivniiiiiinn e NH, Polysiiazane — (116)
CHiNH, CHOSi(NHCH))s 51 (119)
CiHiNH, CiH OSi(NIIC:Hy)s -— (116, 119)
CiH:NH, CiH;0Si(NHCH1)s — (119)
C(HNH, CiHOSi(NHCiHo)s — (119)
CsIHsNH, CiHOSi(NHCsHs)s —_ (119)
(01 2 )1 £ 1107 1Y CH,CH,NH (C:Hi)ZhNSi{NCHsCHi)s — (91)
—_ 4
CHy(CHa)uNSICis, o vovvvnvinanieninnn. CHi(CHy)«NH {CH:(CHs)«N )1SiCls — 2n
— | SR—— | O

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.

R:SiNHR’ + R*NH; = R:SiNHR’ 4+ R’'NH,

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

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

124), substituted with a methyl group (120, 201) or,
more commonly, with an ethyl group (117, 118, 126,
128, 201). Higher alkyl groups, such as propyl (124) or
tert-butyl (50), have also been used but have not been
extensively studied. Silanediamines and silanetriamines
with N-methyl and N-ethyl 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,)Si].2NH + 2RNH; — 2(CH,)SiNHR + NH,

The success of the exchange reaction requires that
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TABLE 6
Synthesis of silicon-nitrogen compounds from tetrahalosilanes and higher halosilanes
Halesilane Amine Product Yield References
per cent
13103 PN NH, Polysilazane — (17, 18, 26, 76, 111,
173, 196, 221)
(CHy)sNH [(CHa):N)iSi 87 3)
[(Cl1s):N JiSiC1 — (27, 88)
{(CH1)sN ):8iCl —_ (38)
C)H(NH, CiyH;NHSiCis — (131)
(CiHs)sNH [(CsHs)sN )38iCle — [©14]
(C1Hy)1NSiCly - 27)
(iso-C1H:)sNH [(is0-CaH1)1N ]s8iCly 25 (31)
’ (is0-CsH:)1NSiCha 48 (31)
tert-C«HINH, tert-C4H,NHSiICly — (30, 32)
(tert-C4HyN11)48iCls —_ (30, 32)
(iso-CiH)sNH (is0-CiH,)sNSiCls —_ (131)
CHy(CHi)«NH CHi(CHi)«NSiCis — 27
| S| | S|
C{HNNK [C{H(N S 4.8 (64, 156)
| D] L
CsHi)(CyHs) NH [CsHys(C2Hy) N11SiCis 62 (31)
CeH(C:H) NSiCls 67 (31)
CsHsNH, (CsHsNH)(Si — (188)
(CsHsNH)1SiCl: - (85, 86)
o-CHyC:HiNH, (o-CHyCosH(NH)(Si — (155)
(0-CHyCsHiNH)1SiCl —_ (85, 86)
p-CHiCsHINH,y (p-CH1Cs HUNH)(8i — (158)
1-C1eH:N H, (1-C1ocH:NH)(Si —_ (186)
(1-C10H;NH)3SiCls — (85)
2-CH,NH, (2-CioHaNH)(Si — (1588)
(2-C1eH;N H)1SiCia — (85)
NH;CHsCOOCHy (C»Hy0)48i - (21)
£ 112 TN NH, Polysilazane — (18)
(00 1= 11T & 2 NH, Poiysiiazane (172)
(C:Hs)INH [ ((C1HD)INSi} 20 76 (3)
[0 T NH Poiysilazane — (174)

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

yield (63).

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

D. SYNTHESIS BY MISCELLANEOUS METHODS

The exchange reaction has also been used with hetero- 1. By basic cleavage

cyclic compounds which contain an N—H function (22, Sodium amide cleaves chloromethyltrimethylsilane

TABLE 7
Synthesis of silicon—nilrogen compounds from compounds conlaining a silicon-hydrogen bond
Silane Amine Produot Yield References
per cent
B 2 £ 10 CiHiINK HSi[NCiHi)s — (157)
L J J
Si{NCiH —
[LJ‘ 0 (157)
[0 2 01111 S NHy/Li (C1Hi)sSiNH, 34 (58)
[(C:Hs)a8ihNH 51 (53)
NHi/Na (C:H;)1SiNHy 46 (63)
[(CaH4)aSi):NH — (53)
NHy/K [(CsHs)sSi s>V H 66 (53, 105)
CiHsNHy/K or Li (CiH4)2SiNHC H,s 91 (53, 105)
(CiHy)sNH/K (CyHy)sSiN(C1Hs)s —_ (53)
CiH:NHy/K (C1Hy)1S8iNHCH: —_ (83)
iso-CiHZ:NHy/K (C1Hs)sSiNH(iso-CaHy) — (83)
(iso-CyH:4NH/K (C2H3)sSiN (is0-CsH)s —_ (53)
tert-C{H NHy/K (CaHs)sSiNH(tert-CiHs) —_ (53)
(CsHa)Z)NH/K (CsHa)1SiN(CiHo)s — (53)
CiH,C(CHi)sNH, (C:He)sSiNHC(CHa)sCaHa — (53)
CsHiNH, (C1Hi)sSiNHCeH, — (53)
(Ci1Hy)sSiNH, [(CsHs)sSisNH —_ (53)
(CeHaaBIH. .. .ovvviiiiiiisinssnnsanes NHi/Na [(CsHe)sSihNH - (154)
(CH1))NLi (CsH1)1SiN(CHi)a 74 71)
(CyHy)sNLi (CiH1)1SiN(Ci1Hi)a 74 1)
(C«H1)sNLi (CeH1)sSiN(CiHa)s 683 (71)
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TABLE 8
Synthesis of silicon-nitrogen compounds by the stlylamine-amine exchange reaction
Silylamine Amine Product Yield References
per cent .
(CH)sSIiNHCHs. . ......cooviv i, N1I;S0:NH, [(CH1)1SiNH 180, 85-90 (13)
CsH:SO:NH, CsHiSO:NHSi(CH;)s 85 (13)
(CsH10)1P(O) NH, (CsH:0):P(O) NHSi(CHy)s 85-90 (13)
(CsHsO)P(0) (N Hy)y (CsHsO)P(0) INHSiI(CHi)1 ) 85 (14)
(CHi)sSiNH(tert-CoHe) ... .. ............. NH;CONH, (CHy):SiNHCONH;, — (51)
CHy=CHO(CHi)sNH, (CH)sSiNH(CH;);OCH=CH, — (50)
CHse==CHO(CH\)sNHCH, (CHi)sSiN(CHi) (CH)):OCH=CH, - (50)
(CoHa)aSiNHs. .. ... ..o C(H,NH, (C:Hw)sSiNHC(H, 72 (122)
CsHuNH, (ChHs)sSiNHCsHy,y 83 (122)
C;HuNH, (C:Hs}sSiNHC:Hyy 95 (122)
CH:(CH:)«CHNH, (C:Hs)2SiNHCH(CHj)(«CH, 72 (122)
| O—— |
CsHaNH, (C:Hs)2sSiNHC:sH, a1 (122)
0-CH:;CsH(N Hy (C1Hs)sSiNH(CsHCHs-0) -— (122)
p-CHiC:H(NH, (C2He):8iNH(CsHiCHe-p) — (122)
CsHiCH;3N 11, (CiHe)sSiNHC HyCoHa 52 (122)
2-Aminothiazole 2-(C:Ha)sSiNH-thiasoie — (122)
Urio acid Tetrakis(triethylsilyi)urie acid 20 (22)
(CH1)yCHCH,CH(NH,)COOH (C:Hi):SiNH[CHCH,CH(CH)s JCOOSi(CiH)s 47 (23)
(CiH)aSINHCsHs . . ... ... cvviviiie e ne CyHuNH, (CrhH)1SiNHCsHiy —_ (126)
C:HuNH, (C:H)sSiNHCHyy -— (126)
CyH:CHaNH, (C:Hs)1SiNHCH,CsH, —_ (126)
C:HsCH sCH;N H, (C:He)1SiNHCH,CH,CsHs — (128)
CiH:CH(CHs) NH, (C:He)1SiNHCH(CH,)CsHs — (126)
(CaHNWSINHa. .. ..o i CsHyNH, (CiH)sSiNHCsH, 75 (124)
CsH:CH:NHs (CaH») 1 SiNHCH:CyHa 80 (124)
CyHsCH:CHsNH, (C1H:)«SiNHCH,,CH\CsHs 87 (124)
(CsH)SINHCH:. . ......... ... e C:HiCHisNH, (CrH:):SiNHCH;Cy Hy 81 (124)
(CeH)SIiNHs..o.oo 0o CsHiNH, (CaH’);SiNHC(Ha —_ (120)
(CeHSINHCHy. . ..., CH'«CHaNH, (CiHo)sSiNHCHCeH, — (120)
(CH)sSI(NHCsH)y. ... i C:HuN11y (CH)1Si(NHCHye)s 66 (128)
CyH1sCHiNH, (CH1)2Si(NHCH;C:sHs)s 84 (128)
(CHa)sSi{NH(tert-CiHe))s. ... ...... ... .. CHy==CHO(CH))1NH, (CH)):Si{NH(CH,):0CH=CHai} —_ (50)
(C{HWO)SI(INHCsHy)s. . . ... n C'HiCHsNH, (CiH30):Si(NHCH:CsHs)4 71 (118)
CiHSI(INHCH) 1. .0 oo e CiHyNH, CiH:Si(NHCHs)s 70 (201)
CiHuNH, CiH:Si(NHCsHuy)s 65-71 (201)
C:Hi N H, CiHSi(NHCsHy)y 78 (201)
CiH.8i(NHCsHa)s. . ... ... CsHuNH, CiH:Si(NHCsHu)y 30 (201)
CsHuNH, CiHySi(NHCsHu)s 75 (201)
CH:(CHy)«CHNH, CiH:Si [NHCH(CHi)«CHa )y 83 (201)
| O | S |
CsHiCHiNH, CiH:Si(NHCH:CsHs) s 77 (201)
CHyOSINHCsH)s...........ov it CilIh,CHaNH: CiHOSi(NHCH;CsHs)s a7 (119)
[(CH)SIbNH .. ... CH:=CHCH:,NH, (CH»):SiNHCH:CH==CH, — (193)
CHINH) (CH)sSiNHC1I, 43 (112, 149)
CyHuNH, (CHy)sSiNHC Hy, 51 (112)
CsHaNH, (CH:)sSiNHC,I, —_ (140)
C{HNH (CH\)\Si{NC(H,() 51-64 (64)
| I— J
CsHsCH:NH, (CH1)1SiNHCH1CsH — (140)
C/HiICHiCHiNHy (CH1)1SiNHCH:CsHs — (140)
NH,CH:iCOOH (CH1)sSiNHCHCOOSi(CHy)s 65 (23)
NH,CH(CHs)COOH (CH)1SiNHCH(CHis)COOSi(CHi)s 67 (23)
NH,CHICH(CH)))COOH (CH1)1SiNHCH{CH(CHi):)JCOOSi(CHi)s 77 (23)
NHyCH{CH:CH(CH,),JCOOH (CH)sSiNHCH [CHyCH(CHi)1 JCOOSi(CHa)s 82 (13)
NH,S0:NH, [(CH9)sSiNH S0, 85 (13)
CyHisSO:1NH, (CH1)1SiNHSO01CyH, 70 (13)
(CsHs0)1P(O)NH, (CHi):SiNHP(0)(0OCsH,)4 93 (13)
(CeHiO)P(0) (N'Ha)y [(CH1):SiNH ):P(0) (OCsHy) 75-85 (14)
{((CeHaaSiNHb. ... oo CyHiNH, (CsHe)2Si(NHCsHa)s 70 (121)

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

(CH;);SiCH:Cl + NaNH. - (CH;);SiNHCH;

(CH,):SiCH(C1)CeHy + NaNH, —
[(CHa)Si]:NH + CsH;CH=CHGC,H,

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

(CH,):SiCH,CeH: + KNH; — [(CH,)SisNH + C.H,CH,

Not only are certain silicon—carbon bonds susceptible
to cleavage by strong base, but hexamethyldisiloxane
also undergoes reaction with sodium amide to yield
the disilazane (97).
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(CH;,)8i0Si(CH,), + NaNH; — [(CH,),Si}:NH + (CH,),SiONa

2. From organostlylmetallic 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).

(CeH,)sSiLi + R.NH  —  [(CoH,)sSiH + R:NLi] —

(CeH,):8iNR: + LiH

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

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

H,0
(CeH)SIK + (CoHs}C=NCeH; —
(C+Hi):SiN(CHs)CH(CHy)s

3. From stlanols

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

[p-(CH\)aNCeH,],SiOH + (CH;)NH —
[p-(CH,).NC;H,].SiN(CH,). + H:0O

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,):8i1:80, + 3NH; — [(CH,)Si].NH + (NH():S0,

5. From silicon disulfide

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

6. From lertiary amines

Both dimethyl- and diethylaniline have been re-
ported to react with silicon tetrabromide at 180°C.
with cleavage of the carbon—nitrogen bond (26).

CoH;N(CH;)y + SiBh - CeHaN(CHa)SiBh + CH;BI‘
IV. REACTIONS oF S1LIcON-NITROGEN COMPOUNDS

A. REACTIONS WITH WATER

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

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

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

Rs:SiNH; + H.O — R;SiOH 4+ NH,
2R;SiIOH — R:SiOSiRs + H,0

R;SiOH + RsSiNH; — R;SiOSiR; + NH,

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

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

The degree to which the hydrolysis of silicon—-nitrogen
compounds proceeds is also influenced by the degree of
hindranee 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
(145). 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(trimethylsilyl)amine (79) and hexaphenyleyclo-
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 (@) 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

RsSiNH; + R'OH — RSSiOR’ + NH,
R:SiNH; + R.,SiOH — R,SiOSiR, + NH,

(149, 150), decrease (112), or have no effect on (149) the
rate of reaction. If the reaction is run in aqueous aleohol
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,N-dialkylsilyl-
amines condense at 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.

( tert-C.H no )2Si( NHg )9 + ROH -
(tert-C.H .O )z( RO )SiNHg + NH;

(tert-C{H,0):(RO)SINH; + ROH —
(tcrt—C.HnO)zSi(OR)g + NH;

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

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

[(CHy)sSilsNH + 2ROH — 2ROSi(CH,)s + NH,

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

C. REACTIONS WITH HYDROGEN SULFIDE AND THIOLS

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

(ClHi)lSiNH’ + HS — [(Csz)lSislz + (C3H,),SiSH

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

(CH,):8i(NHCH,): + H,S —
(CH,):Si(SH)YNHCH,) + CH,NH,

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

(C;H1):S8iNH, + CH:SH — (C;H;)SiSCsHs + 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, C], Br, I):

R:SiNH, + HX — R,SiX 4+ NHX

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

(CH;SiH; N + 4HCl — 3CH,SiH.Cl + NH.CI

The reactions of triethylsilylamine and (e-chloro-
ethyl)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-chloro sub-
stituent has little effect upon the reaction (12),

Acid-sensitive substituents on silicon, such as alkoxy
or phenyl, limit the scope of the reaction. In one case,
with careful control of the conditions, the silicon—
nitrogen bond has been broken in preference to the
silicon—oxygen bond. Di-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
was obtained (68).
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TABLE 9
Reactions of silicon—nitrogen compounds with alcohols, phenols, and silanols
Silylamine Aloc;):oslh:’::lnoi. Produet Yield References
Reaction with alcohols
per cent
(CH)SINHCHs. ... e C:HOH (CH1)18i0CsHy 90-95 (13)
(CH)SIN(CIH) 1. . oo e s ieaas CyH,O0H (CH1)1Si0CsH: 81 (149)
(CH)WSINHCH . ... ovcivivneenen s CHiOH (CHi)sSiOCH, 91 107)
CiH,OH (CH»)sSi0CyH, 23 (107)
(CoHNsSINH . ..o vv v iiiiinin v ininas CiHW,OH (C1H,)18i0CsHy 80 (8)
CiH.0H (Cal1s)sSiOCH — (8)
iso-CyHiOH (C1H1)1Si0(iso-CiHy) — (8)
CH,0H (C1H4)1SiOCHa — (8)
(CH»2CHCH,OH (C1H»)sSiOCHCH(CHy),y —_ (8)
(CH1)1)CHCH,CH,OH (C1H,)s8i0CHyCHyCH(CHy)y — (8)
CsH1OH (C1Hi)sSiOCyHn —_ (8)
(CiHO)SINHCH . ...y cvvcviiine s CH,OH (C1Hi)1SiOCH, — 127
(CsH)sSINHCIH?. . ..o v vvvvevnnnnnsans CHyOH (C1H:)18i0CH, 60 (124)
(CH)sSi(NHCsH)1. . .o ovviinvnnnnns CHL,OH (CHy)sSi(OCH)s 87 (107)
CyH,OH (CH)1Si(OCiHi)s 80 (107)
(tert-CeHeO)Si(NHa)a. ..o o ve v ivnevnnns CiCH,CHysOH (tert-C4H10)sSi(OCHsCHCl)s 83 (68)
NCCHyCH,OH (tert-CaH0)1Si(OCHICHiCN), 80 (68)
HiaNCH,CH:OH (tert-C4H0)1Si(OCHsCH(N Hi)s 63 (51)
(CiH)sNCH,CHyOH (tert-CiH:0)18i [OCHsCHN(CsH1)s 43 (51)
H;NCHiCH(CHy) CH;OH (tert-CiH0)18i {OCHsCH(CHy) CHisNHa s 72 (51)
CHy,CHi\CH(NH))CH,OH (tert-CyH10)18i [OCHsCH(NH,) CH:CHa)s 47 (51)
CHyC(NHi)(CH))CH,OH (tert-CyH0)18i {OCHC(CH,y) (NHy) CHa )y 47 (51)
H;N(CH3)s NH(CH1):0OH (tert-CiH0)18i [O(CH)s NH(CH,)s NHi ) 41 (51)
(03 YTI-TETY . 3 2 GO CH\OH (CHi)18i0OCHs —_ (112)
CiHOH (CH1)1SiOCsHy 90-95 (112)
CH,01ICH,OH (CH1)sSiOCHCH,08i(CHi)s 75 (112)
HOCII,CHiNH, (CH1)«SiOCH:CHaN Hy 80 (6)
Cil:0H (CHj)18i0CsH: 60 (112)
CHs,CHOHCH,OH (CH,)iSiOCH:CH[OSi(CH¢):]CH) — (112)
is0-Cil1sOH (CH)1)18i0(iso-C(Hs) . —_ (112)
CiHuOH (CH))18i0C(Hn —_ (112)
is0-CsHuOH (CH1)18i0 (iso-CaHu) —_ (112)
CHisCHsCH(CHy)CH,0H (CH1)1SiOCHsCH(CH) CH1CH, 75 (112)
Ci(CHy)sOH (CHy)18i0(CHi)sC1 096 (189)
CHiCHyCH(CHy)CH,CHsOH (CHy)sSiOCHsCHsCH(CHi) CHiCHs — (112)
C'H1,OH (CH1)1SiOC Hun 82 (112)
CsllnOH (CH»18i0CsHnr — (112)
CHi(CHi)sCH(CyH;) CHiOH (CH1)18iOCH,CH(CiH;) (CH()1CHa —_ (112)
CoH1sOH (CH1)38i0Cs1y 24 (112)
CuHnOH (CH1)sSiOCuHn — (112)
CuHuOH (CH,)1Si0CuHsn — (112)
2,6-(HO) (C1) CsHsCH(C Hs) CsH(Cl-4 2-[(CH1) s8i0)-5-CiCs HsC H(CHa) (C1H(C)-4) —_ (191)
{(tert-C{H10)sSi(NH)shNH. . ....0vu b C:sHunOH (tert-CeHo0)18i(NHy) (OCsHu) —_ (129)
[(CH)sSiNH)io o ovvvviiiiiinnnnnenns CH:OHCHOHCH:0H (CH»):8i0CH,;C11(OH)CH,0 — (134)
S —
Reaction with phenois
(CH)sSINHCHs. . ...ocviiiiiiininians Csl1,OH (CH1)1Si0CsHy 90-95 (13)
[CH)BINH.. ..ottt iiiinnennnes C:H:OH (CH})sSiOCsHs 90-95 (13, 114)
0-CHisCrsH(OH (also m- and p-) (CHy)1SiO(CsHiC Hs-0) —_ (114)
0-CHyCH:CsH(OH (also m- and p-) (CH1)1Si0(CsH(CaHs-0) —_ (114)
2,3-(CH»)1CsHiOH (also 2,4-, 2,5-, (CH))1SiOCsHs(CH)+-2,3 — (114)
2 06-, 3,4-, and 3.,5-)
2,4.6-(CH3)1CsH:OH (CH1)1SiOCsHs(CHi)»-2,4,6 — (114)
0-CH,0CsHOH (C114)s8i0(Cs HIOCHr0) — (114)
Reaction with silanois
(CH)SINHCHS. ot vvveveiiinnnnanss (C:H)iSiOH (CH1)18i08i(C:Hs)s 43 (149)
(CsH,s)1SiOH (CH3):Si08i(CsHi)s 53 (149)
(C:Hi)1Si(OH)s [(CH1)18i0)28i(C1Hs)s 54 (150)
(CeHs)1Si(OH)s [(CH1)18i0)281(CsHs)s 87 (150)
(CH)sSIN(CIHOt. c oo vvvninncrensnrass (C1H)sSiIOH (CHy)sSi08i(CiHa)s 65 (149)
(CsIls)sSiOH (CH1)1Si08i(CsHe)s 83 (149)
(C:Hs)1Si(OH): [(CH1)18i0)128i(C:Ha)s 54 (150)
(CsHy):Si(0 1) [(CH1)18i0)28i(CsIs)s 87 (150)
HO[Si(CH)10OhH (CH1)1SiO [8i(CH1):0):Si(CHi)s 84 (150)
HO[Si(CsHs)20)sH (CH )1Si0 [Si(CH1)10)2Si(CHi)s 70 (150)
(CH)sSiNH(tert-CiHa) .. .vvvevnvinnans (CsHy)1SiOH (CH))18i08i (CsHs)s 56 (149)
(CrH)SINHCIHe. .o vvvvvevenennanes (CsHs)1SiOH (C1H1)sSiOSi(CsHs)a 61-68 (149)
(CiH2)aSIN(CeHe)t. ..o oo v v iveininnnans (CsHi)sSiOH (C1His)18i08i(CeHe)s 53 (149)
(CeH)SIN(CiH)1. oo vvs i ven v ieennnns (CsHa)1SiOH (CiH1)1Si08i(CoHs)s 30 (149)
(eec-CeH¢O)1SINHy. ..o viivviinnnnnss (sec-CiHy0)1Si0OH {(sec-CH0)18i1,0 —_ an
(CHOsSIIN(CsH)a s, ..o vvivivinnnnenee (CeHs)1Si(OH)s Poiymer 62 (160)
HO{[Si(CH):0 hH Polymer 88 (150)
(tert-CiHyO)sSI(NH)a......ocvevneinnns (CiHy)sSiOH (tert-CiHo0)18i1(N Hj) [08i(CiHa)s) 68 (182)
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Evidence is insufficient to show any clearly defined
trends due to steric effects in these reactions. A decrease
in yield is observed when the substituents on the silicon
in the N-phenylsilylamine series are increased from
methyl to isopropyl (see table 10) (1). On the other
hand, tris(triphenylgermanyl)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).

HI
[RSINHC,H,] —
R:Sil + CsH;NH,I + HC!

R:SiCl + CeHaNH: -

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).

(CH;);SiNHCH; + CISOQOC:Hs -
(CH,):SiN(CH,)S0,0CsH; + HCI

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

2[(CH,)Si]sNH + S0,Cly — [(CH,):SiN[.80: + 2(CH,)SiCl

Phosphoric acid and its derivatives with hexamethyl-
disilazane or N-methyltrimethylsilylamine yield {O-
silylphosphates (14).

2. With organic actds and their derivalives

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

(tert-RO)Si(NH,)s + 2R’COOH  —
(tert-RO),Si(OOR’); + 2NH,

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

CH,Si[N(CH;)], + CHCOCl — CH,SiCl,

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

TABLE 10
Reactions of silicon-nilrogen compounds with hydrogen halides
Silylamine Hydrogen Halide Product Yield References
per cent
(HaSD)aNCHs. . ..ot ctinee s HC1 (gas) H,SiC1 100 (59, 60)
HBr (gas) HsSiBr 26 (198)
(CHiSIH N . ..o i i HCi (gas) CHiSiHiC1 - (56)
(CHsSiH)INCHs. . ..o ee e HCi (gas) CH,SiH:Cl —_ (55)
CHaSiHaN(CH)s. ... ocovcn i HCI (gas) CHiSiH\C1 — (85)
(CH)SIN(CH) . .. oot i e HCI1 (gas) (CH,)sSiCl — (55)
(CoaHDSINHa .. ..o i e HIF (48%) (Ch1H,)1SiF 89 (12)
HC] (gas) (ChHy)1SiCl 80 (12)
HC (coned.) (CaHi)sSiCl 80 (12)
HBr (gas) (CiH,)sSiBr 70 (12)
HBr-HiSOs (CyHy)1SiBr 55 (12)
[CHs«CHC) J(CsHe)sSiNHs, .. ... occvv a0 HF (48%) CHyCHCI(CiH)18iF 82 (12)
HC] (gas) CHiCHCI(C1Hj)18iCl 76 12)
HCi (coned.) CHyCHCI(C1H,)1SiCl 79 (12)
HBr (gas) CH;CHCIi(CiH,)sSiBr 26 (12)
HBr-H,804 CHCHCIi(CiHy)sSiBr 81 (12)
(CsH1O)aSIN(CH) 4w oo ovvee v HCI (gas) (C1H30)sSiCl1 — (162)
[(CeH)1GehSiNHa, . ..o iie s HC1 (gas) [(CsHi)1Ge)sSiCl —_ 137)
(CH)sSI(NHCsH)1. ..o HI (gas) (CHy)sSily 55 1)
(tert-CaHoO)aSI(NH)a. .. ..o oo oo HCi (gas) (tert-CyH;0):8iCis 10-87 ©8)
HCi (coned.) (tert-CyH0)28iCly 58 (68)
HSIINHCIH) 1. ..o e HCI (gas) HSiCis — (185)
HBr (gas) HSiBrs — (165)
HI (gas) HSily —_ (165)
CiHSIINHCH) 1. . oo i i ine e s HI (gas) CiH,8il, 46 1)
is0-CiHSi(NHCsHa)s . HI (gas) i80-C1HiSily 37 (1)
Si(NHCyHe). . ... HC1 SiCl — (155)
[(CH)iSihNH. . . HC] (gas) (CH»)sSiCl 63 (169)
(O HIOSiNH. . ... i iiia s HCI (gas) (CsH10)1SiC1 — (162)
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(iso-C,H;0),SiNH; + CICO(CH,).,COCl —
(180-C|H10)asiNCO(CHz)|CO
—_

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

E. REACTIONS WITH BORON COMPOUNDS

The simple silylamines undergo cleavage of the sili-
con-nitrogen bond with boron trifluoride or boron
trichloride. The reaction of trisilylamine and boron
trichloride (37) or boron trifluoride (37, 199) at —78°
C. yields the silyl halide and silylborazole.

(H:8i),N + BCl; — H;8iCl 4 (H.Si);NBCl,

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

CH,N(SiH,)s + BCl, — H,SiCl 4+ CH;N(SiH,)(BCl)
CH,N(SiH,)(BCL) — H,SiCl 4+ (CH,NBCl),

Trisilylamine is cleaved by dimethylboron bromide
giving silyl bromide along with silane, trimethyl-
boron, and N.N-bis(silylenebromide)dimethylborazole,
(CH,):BN(SiH.Br),; (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).

(H,Si);N + B.H:Br — H;SiBr + (H:Si)NBH.

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).

(CeHo)iSINHC;H; + Li + C;H.NH, — (C¢H,).Si(NHC,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,

[(CHs)sSi]:NH + CeHiLi —  [(CH;),Si]:NLi + CeHs
G. CONDENSATION AND REDISTRIBUTION REACTIONS

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

2R.SiNH; — R,SiNHSiR; + NH,

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

2(CH,0)8iNH; — [(C{H,0)8i:NH + NH,

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

2(CH;),8iNHCH; — [(CH,)Sil:NCH, + CH,NH,

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

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

3(tert-CH40),8i(NH,): —  [(tert-C{H0):8iNH], + 3NH,

Polysilazanes may be pyrolyzed to cyclosilazanes (82).

Hexamethyleyclotrisilazane 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(dimethylamino)dichlorosilane and
trimethylchlorosilane are produced (81).

heat
2(CH,):SiN(CH;), + SiCly —

[(CH;),N1:SiCl; 4+ 2(CH,),SiCl

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

heat

[(CH,):8i]:NCH,; + SiCly -—
(CH,);SiN(CH,)SiCl; + (CH,),SiCl

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

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

(see Section 1V,D,1).

R:SiINH, + R.SiCl = R,SiNHSIR, + HCI

1. MISCELLANEOUS REACTIONS

Both N,N-dimethyltrichlorosilylamine and bis(di-
methylamino)dichlorosilane are reduced and undergo
cleavage of the silicon—nitrogen bond with lithium

aluminum hydride (38).
(CH,),NSiCl; + LiAlH,

- SiH4

Hexaphenyldisilazane reacts with bromine to yield
triphenylsilyl bromide and bromobenzene (154).
The reaction of hexamethyldisilazane with hydrogen
cyanide to give trimethylsilyl cyanide has been re-

ported (24).
[(CH,)81]:NH + HCN —

(CH,):SiCN

There is one report of the addition of a disilazane to

a double bond (139).
[(C:H;)sSi],NH 4+ CHs=~CHCN —

[(CsHs),8i]sNCH,CH,CN

None of these reactions has been investigated ex-
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V. SILYLHYDRAZINES

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

-

2(CH,):8iCl + 3NH.NH,
(CH,),SiNHNHSi(CH,), + 2NH,NH,-HCI

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

(CH,):SiCl + 2NH.NHC,H,
(CH,),SiNHNHC,H, + CH,NHNH,-HCI

-

tensively. N-Methyl-N’-(trimethylsilyl)hydrazine, prepared by
TABLE 11
Preparation and physical constants of the silylhydrazines
Method
Siiylhydrazine Pr::m- Yield N{)e;:::z Boiling Point d np References
ration*
per cent °C. °C.

(HSDINN(STHD . ¢ oo e evrineeeeinieneins A —24 109 0.83 (20°) 9
(CH)sSINHNHCHs. ...t cvvvvicciinnnnns A 99.5 26-97 (208)
(CHa)sSINCHaNHCHs. .. ... .cvi v vvcnvnennas A 88 61-63/260 mm. 1.3818 (20°) (208)
(CHa)sSINHN(CH) 1. oot cvvvie i cininnnnanes A 21 100 0.9658 (20°) 1.4018 (22°) (208)
(CH)sSiNHN(CsHa)s, oo e v iasiannn A 144.5 0.7948 (20°) 1.4198 (20°) (176)
(CHa)1SiNHNHSi(CHa)s. . ...... herarerasaas A 08 69/40 mm, 0.8165 (21°) 1.4268 (22°) (208, 207)
(CH))sSiNHN(CHy)Si(CHa)a. o ..o iuss A 05 73-75/40 mm. 0.7708 (19°) 1.3820 (19°) (206, 208)
[(CI)SihNN(CH)s. .. cvviiiiiienen s B 20 67/12 mm, 0.8431 (19°) 1.4390 (20°) (210)
[(CHa):SishNNHSI(CHa)s. . ..ovvvecvainnenn B 20 89/13 mm. 0.8460 (24°) 1.4442 (20°) (210)
(CHi)'SINHNHCsHs........oovevviinivanss A 023 115-116/12 mm. 0.9768 (20°) 1.5409 (19°) (208, 208)
(CH)SIN(CsH)NHC:Hs. .. .......ocvi e B 20 113/10 mm, 0.9329 (24°) 1.5152 (20°) (210)
(CH2)SiN(CeH)NHCsHe . .. ...ooovi v iaa B 55 138/1 mm. (210)
[(CH)sSi)NNHCeHt. . .......coovv i B 20 124/10 mm., 0.9202 (24°) 1.5078 (20°) (210)
(CH»)sSiNHNHP(O)(OCeH)z. .. .. ..o vvnn e D 02 53-54 (14)
(€03 OF 3085 oS {07 1 ) T A 55-56/8 mm. 0.8202 (20°) 1.4348 (20°) (176)
(CrH)SINHN(C:He)s. oo oovv i ciiininans A 85-87/10-11 mm. 0.8340 (20°) 1.4441 (20°) (176)
(CrH)SINHNHSI(CH)s. . oo vv v cvvnceinen A 97 72/3 mm, 0.8417 (22°) 1.4422 (17°) (208, 207)
(CrHs)sSiNHNHSI(CaHa)t. .o cvvvvven e ieinns A 20 142/20 mm. 0.8505 (23°) 1.4562 (20°) (2086, 207)
[(CsH)sSi)[(C1I1)sSi)NNHSI(CH)s. . ... ....... B 20 126/9 mm, 0.8723 (24°) 1.4612 (20°) (210)
{(CaH3)s8i) [(CH)sSi INNHSI(CyH)s . ... ...t B 90 164/3 mm. 0.8018 (21°) | 1.4764 (20°) | (210)
(CoH)sSIiNIINIICeH . .. vee v iivneninans A 95 129-130/1 mm. 1.5210 (20°) (206, 208)
(CrHMDSINAN(CH)1. ... .cvvi i A 87-89/7 mm. 0.8209 (20°) 1.4406 (20°) (1786)
(CiH)WSINHN(CaHa)s. .o ..o A 114-115/10 mm. 0.8301 (20°) 1.4471 (20°) (176)
(CiHD)aSiNHNHSI(CoHDa. . ovevs v vvenaeeens A 88 189-190/20 mm, 0.8481 (21°) 1.4562 (24°) (208, 207)
(CaHn)SSINHNHCH;. .. ...oovvevvinn v iinnass A 20 145/1 mm. 1.4918 (20°) (208)
(CoHa)sSINHNHs. ... v cviciiiiiicinensans A 90-92 (208, 207)
(CoHg)sSIiNHNHCHs. . ......ov v vivvivecnnne A 75 80-82 (208, 208)
(CsHs)1 SiNHNHSI(ColT)s. . . .......ooovvetts A 82 138-140 (208, 207)
(CoH)sSiN(CyH)NIICHs . ... ..o oo B, C 08-74 136-138 (218)
(CoH1)sSiN(CoeHy) N(CosHa)Si(Coslleds. .. ... ouun s B 17 2065-266 (218)
(CoHg)sSiINHN(CH)als. ..o ovv v vinincnnonen A 42-43 191~-193 (209)
(CoBa)sSi(NIINHGCH) 1. . . ovve v vieviinenans A 115 (d.) (209)

* Method of preparation: A. chlorosilane 4 hydrazine; B.

(O)NHNH,; + (CHy)sSiNHR.

chlorosilane 4 alkali metal salt of hydrazine; C. (CsH)sSiLi + CsHiN=NCsHs; D. (CsH(0)(P-
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this method, undergoes autocondensation with the
release of methylhydrazine (208).

heat
2CH;NHNHSi(CH;); —

[(CH,):Sil(CH,)NNHSi(CH,); + CH,.NHNH,

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

(CeH;).8iCl; + 4NH,NHC:H; —
(CoH;).Si( NHNHC,Hs); + 2CH;NHNH,-HCl

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

CeHNLiNLiCeH;s + (C¢H;):SiCl —
(CsH,):SiN(CsHs)NH(CsHs) +
(CeH;5):SiN(CeH; )N(CsH;)Si(CeHs )s

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,), + (CH,)SiCl —
[(CH,):8i]:NNHSi(CH;)s

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).

H,0
(CsHy)SiLi + CeH{N=NCH; —>

[(CeH5)s8i] (CeH; )NNHCH,

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.

(CeHs0),P(O)NHNH; + (CH,):SiNHSi(CH,),
[or CH;NHSI(CH:);] — (C:H;0):P(O)NHNHSi(CHj)s

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

VI. Tur AMINE-HALOSILANE COMPLEX

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

SiF4 + 2NH3 - SIF42NH:

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

28iF,-2NH,; + 2H,0 — (NH,).S8iF,-NHF + Si0; + NH;F

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

SiFy + (CHs):N — S8iF,-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 distillation, i.e., 1:2 becomes
1:1(217),

Silicon tetrafluoride yields a 1:1 complex with ethyl-
enediamine. A chelate structure has been suggested,
the amino groups occupying two of the six cobrdina-
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 results 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 fluorosilanes give adduct formation, but the
reports are found only in the secondary literature (35).

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

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

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

SiH;Cl = SiH,Cl; > SiHCl, > SiCl,

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,N-dimethylaniline
(151). The basicity of pyridine is between that of the
other two amines, but it is the least sterically hindered,
emphasizing the importance of the steric character of
the amine in complex formation (151).

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

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

The reaction of silicon tetrachloride with formamide
yields a 1:10 adduct and with N,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
2:1 (two silyl groups to one tetramethylhydrazine)
(10).

The silicon atom in these complexes utilizes either its
sp’d orbitals (1:1 adduct) or its sp*d? 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. Oruer CoMpouUNDS CONTAINING A
Sin.1coN-NITROGEN BoND

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

8iCly + 4NaN; — Si(N;); + 4NaCl

Silane and HN;, give no reaction (216).

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

The authors are sincerely grateful to Dr. R. M. Pike
for his helpful comments and suggestions in connection
with the preparation of this review.
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TABLE 12
Physical constants of silicon—nitrogen compounds
Compound N;’;:::' B;g;:f d np References
°C. °C.
Silylamines:
HySIiN(CHa)a. ... 3.3-3.4 (198)
HaSIN(CII)BFs. . ... o (199)
HaSIN(CH)Balls. ... -39 37
HySiN(CHa) (BaH)N(CHa)s. . ... .o vee e 37
HiSi(CH)N(CHDs. . . ...t —150 to — 160 45 (55)
(CH)sSINHCHa.... .. ... i, 71 0.7395 (20°) 1.3905 (20°) | (169)
(CHMSINHCHs . ........ ... i, 90.1-90.8 1.3912 (20°) | (169)
(CH)SINHCHiCH==CH,.. . ...................... 110 0.7678 (25°) 1.4130 (25°) | (167, 193)
(CH)SSIHCH . .oovovovo o 134-135 0.765 (20°) 1.4004 (20°) | (112)
(CH)sSINH(tert-CHe), .. ... ..o 118-127 1.4060 (25°) | (81)
(CH)sSINH(CsH) . . ..oo i 161.4~162 .4 0.772 (20°) 1.4154 (20°) | (112)
(CH)SINH(CiHu) . .. ..o e 92-93/26 mm, (140)
(CH)sSiNHCHy)CHiOCH=CHy.................... 49-53/12 mm., (50)
(CH)sSINHC(CHs)sCHsOCH=CHs. ... ............ 77/24 mm. (50)
(CH.)sSINHCuHaSiHa(CsHs) .. . ... ..o vt 95/0.01 mm. 0.902 (28°) 1.4082 (25°) | (192)
(CHMSIN(CH .o .. i 85-86 (55, 79, 140)
(CH1)18iN(Ci1Hs)s . 126.8-127.1 1.4109 (20°) | (51, 112, 169)
(CH1)1SiCH=C=NSi(CHji)s. 117/30 mm. 0.822 (20°) 1.4573 (20°) | (153)
(CH)SiN(CH)CHi«CHiOCH=CH,., ............... 56-58/12 mm, (50) -
(CH)sSINHC Hs, .. ..o v 96-98/24 mm, 0.940 (20°) (2, 140)
(CH)SINHCHsCeHs. . . ... ..o 95-96/156 mm, 1.4018 (25°) | (83, 140)
(CH)sSINHCH:CHsCsHu.o . ovvvn v oo e 107/20 mm. (140)
(CH)SINH[CsHCOOSI(CH))ep). . ............ ... 125/0.6 mm. 1.5416 (20°) | (164)
(CH9)sSINHSO:CeHs. . .ovo oo 64-65 (13)
(CH)sSiNHSOWOSI(CH)a. ... 50~-51 110-112/2.8 mm, (13, 142)
(CHy)SiNHSOSNHSW(CHa)s. .. ....... ...t eie e 104-108 (13)
(CHsSiN(CH)SO108I(CH)s. ... .o 72/0.05 mm. (13)
(CH)SINHP(O)Cls. o oo vov i i s 0495 (14)
(CH)SINHWP(O)OCHs. . ... vee e 119-120 (14)
(CH)SINCHiCOOCsHu. ..o 68-71/13 mm. (20, 21)
{CH)SiNHCH,COOSI(CH)s. . .................. 97/22 mm, 0.8975 (20°) 1.4329 (20°) | (23, 164)
(CH1)sSiNHCH)CHsCOOCsHs. ... ................. 96-100/14 mm. (20, 21)
(CH1)sSiNHCH(CH)COOSI(CHs. . ............... 73/10 mm, 0.8831 (30°) 1.4177 (20°) | (23, 164)
(CH)sSiNHCH(CH)CHsCOOCGHHL. ... ..., ... 90-95/20 mm. (20, 21)
(CH)sSINH(CH1)sCOOSI(CH) 6.0 oo oo 115/1.1 mm. 0.9539 (20°) 1.4300 (20°) | (164)
{(CH1)SiNHCH (iso-CaH;)COOSI(CHs. ... ... ......, '93/10 mm., 1.4226 (20°) | (23)
{CH»)sSiNHCH(iso-C4Hs)) COOCsHu. . . . 107-112/12 mm. (21)
(CH)1SiNHCH (is0-CiHe) COOSI(CHy)s 105/12 mm. 1.4236 (20°) | (23)
{CH)1):SiNHCH(sec-Ci1Hy) COOSi(CHa)s 64/0.7 mm. 0.8804 (20°) 1.4287 (20°) | (164)
(CH)SiNH(CH1)sCOOSI(CH)s. ....0ue oo vunn s 114/2.5 mm. 0.8025 (20°) 1.4331 (20°) | (164)
(CH»)sSINH[CyHiCOOSI(CH#ro0). .ov oo ivveens 34 104/0.7 mm, 1.0366 (20°) 1.5348 (20°) | (164)
(CH1)sSiNHCH(CHiCsHs)COOSI(CHs. . . .......... 110/1.1 mm. 0.9930 (20°) 1.4853 (20°) | (164)
(CiHSINHI. . ovvvi i e s 137 0.7982 (20°) 1.4276 (20°) | (8, 12, 53, 169)
(CICHhyCH)(CaH)aSiNHy, . . ..., 656—65.5/7 mm. 0.9769 (20°) 1.4624 (20°) | (184)
(CHiCHCI(CsHaSINHs. . ... 93/38 mm, 0.9604 (20°) 1.4570 (20°) | (12)
(CyHy)sSiNHCHs. . ... .00 e 151-153 0.8011 (20°) 1.4295 (20°) | (8)
(CrHsSINHC H.. ... ..o e 166-167 0.7995 (20°) 1.4300 (20°) | (8, 53, 108, 127)
(CiH)SINHCH . oo 180.4 0.8038 (20°) 1.4332 (20°) | (53)
(CrH)SiNH(@iso-CaHa) . ... .o 179.6 0.7962 (20°) 1.4282 (20°) | (53)
(CrHe)sSINHCHs. ..o oo oo i 85-86/12 mm. (122)
(CiHo)iSiNH(ert-CaHe) . ... ... 193 0.8082 (20°) 1.4360 (20°) | (53)
(CryHe)sSiNHC(CH)CaHy. .. ... e 212-214 0.8194 (20°) 1.4400 (20°) | (53)
(CaiHDSINHC:HI. .. oo i 117/15 mm, (122, 126)
(CiH)SINHCH(CH)CHs. . ..o 112-113/10 mm. (122)
| DS | )

(CiHe)sSINHCHu. .. ..o i 125/13 mm. {122, 1286)
(CIHMSIN(CH) 1 oo e i cc i 166-167 0.8044 (20°) 1.4325 (20°) | (8)
(CrHa)sSIN(CaHgda. oo 199.5-201 0.8167 (20°) 1.4400 (20°) | (8, 83)
(CHHMSIN(CIH)(CHWCH.CNY ... ..o 262 0.8914 (20°) 1.4575 (20°) | (139)
(CGHMSIN(CH 1. oo, 253~254 0.8280 (20°) 1.4475 (20°) | (53)
(CoH)sSINHCeHs. . ....... v 134-135/12 mm. 0.934 (20°) (2, 53, 122, 127)
(CrH)SINH(CsHWCHro0) .. ... oo 137/9 mm. (122)
(CiH)sSiNH(CoHiCHe-p) ... oo c e 143/12 mm, (122, 127)
(CyH)SINHCHsCsHs. . ... ..o 133/9 mm. (122, 126, 127)
(CiH)SINHCH(CH)CHe. ... ..o 142/14 mm. (126, 127)
(CyHe)sSiNHCH(CH)CHWCeHs, .. ... ..o 146/13 mm, (126)
2-(ChyH)sSiNH(thiazole) ... ..ou v cvnnns (122)
(CiH)sSINHSOWOSI(CaH) s . oo s 141-143/1.5 mm, (142)
(CeHs)sSiNHCH {CHsCH(CHi)11COOSi(CiHa)s. . ... 162/7 mm. (23)
(CaHDSINHI. ... i i e 70-72/9 mm. (124)
(CHMSINHCHs, . ... e 195-196 (124)
(CrHDSINHCHs . ... ... 75-76/3 mm. (124)
(CrHMSINHCH . ... o e ceiin e 95/6 mm, (124)
(C1H7)sSiNH(iso-CsH?) .. ... ....vvuu e PN 78-80/9 mm, (124)
(CH HDSIN(CH) 100 oo i 658-60/3 mm, (124)
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TABLE 12 (Continued)
Compound h:,e::’;:‘ B;;:::‘ d np References
°C. °C.

Silylamines:
(CHINSIN(Caile)s. .o vvns v i iia e s 956-96/7 mm, (134)
(CaHNaSINIICTs. .o ov v vin i i iiii e 142-143/5 mm. (124)
(CaHaaSiINIICHCsl . . oo ve e caeen 147-148/8 mm, (124)
(CALSSINHCHCILGCsHy .o oo 154-185/3 mm. (124)
(CeHDIBINID. v ovvvsiivins it esiaannas 118-120/14 mm. (120)
(CeHDBINIICIT. oo ivnii e iinin e 117-118/9 mm. (120)
(CeHa)sSINIICI Hs. o . vv v i e iiiis i 125/9 mm. (120)
(CeHSINIICIH?, . vvvvinin e iiiain e cnnnnainns 131-133/8 mm, (120)
(CeHo)sSINTI(i80-CaH?) oo v v cvss i 126-127/9 mm, (120)
(CeHMSINHCHo. ..o vvvssns i 150-152/16 mm, (120)
(CeH)sSiNHCsH1. ..o iii i iiicisinn e 100~192/19 mm. (120)
(CaH)SINHCHICHs. ... vvvov i iviies e 148/1 mm. (120)
(CeHa): [(CsHe)aSICILBIN Y. ... 105/6 mm, 0.85878 (20°) 1.4633 (20°) | (141)
(CrHD)a [(CaHNSICIL)SINHa. .o 133/3 mm. 0.8480 (20°) 1.4610 (20°) { (141)
(CH ) H(CATSICIISIN . ..o 174/3 mm., 0.8435 (20°) | 1.4638 (20°) | (141)
(CsHe) (Cals) (CrI)SINH(CeHiCH-p) .. ... ..o oue (102)
(CsITsCT12) (Ca 1) (CoH)SINH(CsHiCHep) . oh v .. 0L 260-265/70 mm. (103)
(CsHMISINIIS, .. v vt i et ieie i 5556 (108)
(Coll)sSINHC:Hs, vt cvviii i e 47-48 163-165/0.5 mm. (16)
(CsHa)sSIN(CIda. ... oo e i e 80-81 (71)
(CoHs)aSIN(CtHE . . oot vnii i iiante e vannanes 84-85 (71)
(CeH)sSIN(CIId. v is it e i s 682 )
(ColTaSIN(CHIINE. v vteeee e e iiiieeerinens 224 . (46)
(o-CILCeIT)SIN(CiHa) s oo s s v 123.5-125 190/2 mm. (72)
[p-(CH)sNCsHBSINIIs. . ..o iie i 170 (205)
[p-(CHNNCHUWSINCH)s. ..o cae o, 62-84 (71)
(1-CrolT)sSiNHa. . ..o ii i 204-206 (44, 45)
(1-CrolIn)sSINIICHEN. o . vvvvn e viiinerannns 198-200 (44)
(CH1O)a(tert-C{HWO)SINH. ... ..oo s s 80-90/50 am. (147)
(CrHONSIN(CH) . . oo vissisiincn i es, 166~-167 0.9125 (15°) (162)
(i80-CaH70)sSINH .. .o e 181 178)
(i80-CaI110)s(tert-CHYOISINH . ..o v vnncnn s 57-60/3 mm. 0.884 (20°) 1.4015 (20°) | (138)
(CH1O) (tert-CaHoO)sSINH. .o vvvvv e 72-73/15 mm. 0.924 (20°) 1.4052 (20°) | (138)
(180-CaI1,0) (tert-CalIs0)sSiNHs. .. ..ot vvinnnnnn. . 83-84/17 mm. 0.899 (20°) 1.4083 (20°) | (138)
(CeHsO)sSINH. ..ot iiies et iiaiaens 120-131/13 mm. (118, 117)
(CAHIONMSINHCH). ... ooiivvisnnsinsr i cansanenssns 136-137/13 mm. 1n
(C\HOWSINHC . ... ovvvi v 130-140/15 mm. (118, 117)
(CAHO)SINHCHI. .o 149/15 mm, (117)
(CaH3O)SINHCH . .. cvvve et i 161-163/156 mm. (117)
(CAHONSIN(CHa) 1. o v vvvnnnee e 145-147/13 mm. (99)

HoOMSINCHaCHs. oo i 1
(CH0)SiNCH; 100/1 mm, . (91)
(CaHOMSINHCHI. .o vviviiin e iveiiiniannannn, 108-201/25 mm. 0.9508 (20°) 1.4684 (20°) | (99, 117)
(CeHO)SINIICILCsH . .. ov v vvvsiciiciian i inns 202/15 mm. (117)
(8ec-CiHoO)SINH. oo cvviviiin i cinnneinnnnis, 194-199°F./3 mm. (77)
(CeHO) (tert-CaHoONSINHa. .. vvv et 113-114/156 mm. 0.901 (20°) 1.4149 (20°) | (138)
(tert-CaHIs0)sSiNTIe. .. ovvieni i 82-85/10 mm. 0.882 (20°) 1.4060 (20°) | (138, 147)
(tert-Cal1s0)s(CsHuO)SINH . . . oo v i 137-138/22 mm. 0.8967 (20°) 1.4168 (20°) | (129)
[(C:H)18i0)(tert-CaHsONMSINHy . . ..o ou e 110-111/7 mm. 0.9063 1.4211 (20°) | (182)
[(tert-CeHoO)SINHIBO ..o oo ovv i i i v 134-136/13 mm. 1.4165 (20°) | (147)
(CeHWO)sSINIs. ... ivi v e 47.8 (175, 214)
(CoHsO)SIiN(CH)Clhr, .o v v ciniinen s 54 (175)
|
(CaH1)SICIN(Ca ). oo oo ccve e (100)
CiHLSICEN(CaHeds. .. it e i 86-88/17 mm. (200)
CrHiSiCLN(@io-CoH s oo v i 105/16 mm, 1.0192 (20°) 1.4857 (20°) | (200)
Cil1aSiBr:N(iso-Calls)s. . . ... vv i 114-115/10 mm. (202)
CaHSiClaNII(tert-CaHo) . oo e oo v it e cen e 73-74/11 mm. (200)
[o2) 6 C1SH 071 S 07) ¢ €7 I TN 180-181/10 mm, 1.4909 (20°) | (200)
CilLSICENCH(CsH) . ..o 125/11 mm. (200)
ChSiNI(ert-Calln) s oo vvvv o vvviiiie i erans — 51 to —48 48-51/12 mm. (30, 32)
ChBIN(CIH . .o cvve v viee it 55-60/17 mm. (27, 131)
ClSiNG80-Calln)s. . oot c i ene e 73-75/13 mm. (31)
CisSiN(80-CalIo)s. 0. oo oo i ci i ciiaaanas 120-124/30 mm. (131)
ChSIN(CIINCH . oot iien i 101-106/17 mm. 27
| E—

BrSINCII(Calls) .. .. v ie e i iii e 140-145/12 mm, (28)
CLSINCIHTe(Cslle) . ..ot 100-105/9 mm, (31)
BrSiNCsIlTs(Cells) . .. ... .o i c i e s 150-154/13 mm. (26)
[(CsH)aGehaSiNITa. .o 206-206.5 137)
(CHyp)s(HB)SINHCHs. .. ... i ceennens (126)

Silanediamines:
(CH)sSi(NIICH) 1. . 0ot vvvii i e nancannnes 66/165 mm. (128)
(CH)aBI(NHCIHE) 1. oo oo vve v ciiins e iiie e ininnas 139 (128)
(CH)BI(NHCHw . ..o i e e 169-170/12 mm, 0.8297 (20°) 1.4425 (20°) | (128)
(CH)Si{NHSI(CH) b oo ocov e 192-195 0.8366 (20°) 1.4281 (20°) | (33)
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Compound N::Ol:::g P;’;:::g d np References
°C. °C.
Silanediamines:
[0 s YT T 00 103 3 1) ) I —08 128.4 0.809 (22°) 3)
(CH)SIINCH:)CHada. . .oooeoo i 029-100 (91)
e
(021 YIS (o) 1) T N 45 185-186/9 mm. 1.07 (30°) (2)
(CH):SI(NHCILICIH ). . .o ei s 174~178/56 mm. 1.0090 (20°) 1.5409 (20°) | (128)
(CalI)SilN(Calldals. ..o oo s 140-142/50 mm. 0.853 (20°) 1.4485 (20°) | (100)
(CrHp)sSI(NMCsH)s. .o oo 58 172-173/1 mm. (2)
(tert-C(Hy)(CH)SI(NH)s. ... .. ..o civi e 83 135 (188)
(Lert-CaH)aSINH. .o i 100/50 mm, 1.4534 (20°) | (188)
(tert-CeHa) (CrsHa)SI(NH) 1. . oo vve e v a s 199/7 mm. 1.4604 (20°) | (186)
(tert-CaH) (CrH)SI(NH)s. . ..o 149/37 mm, 1.5198 (20°) | (186)
(CrH)aSi(NHCH) . o e vvne v o vievaicn e ianaenn s 155-156/3 mm. (131)
(CrHp)sSi(NHC H) 1, . vvvvvvi i iiii i 120-122/1 mm., (16)
(CoH)sSI(NHCIH ). oo it ciivaian e e 178-182/2 mm. (121)
(CH)sSIINHCHIM . . oo cvvi i ciar e e 215/2 mm. (121)
(CrH)sSIINHCEH) . . o oo cvin e tierciiiecinannass 153 413 (d.) 2)
(CoH)SIINHCHACeH)1. o ..o v vvv i i (121)
(CeHCHMSIINCHCHal . oo v verecrrninsn 168-170 (o1
e
(CoHsCH)sBI[INCHsCHCHsls. . .......ovcvnenn e 173/1 mm, (91)
4
(1-CroHn)sSi(NH) 1. o v vt v eii v eie v iie e 154-156 (44)
(1-CuoH»)sSIINHCH) 3. .o v vvien i ciiie i 184-186 (44)
(CHiOMWSIINCHsCHals. . ... v viiii s cviiinianses 49~50/11 mm. (91)
e
(CH4O) (tert-CaHIO)SINH) . .o oo oo 62-65/12 mm, 1.4130 (20°) | (138)
(CrHO) (tert-C{HO)SI(NH)a, ..o oveve oo 63-66/9 mm. 0.961 (20°) 1.4185 (20°) | (138)
(i80-C1 H10) (fert-C{HyO)SI(NH)s. . ..o oo oo 64—-66/8 mm. 0.934 (20°) 1.4170 (20°) | (138)
(C\H3O)sSINHCH D)1, . . vvvvvne i i e 122-123/16 mm. (118)
(C\HWO)SIINHCIH) 1. . ce v i iiiecin s 129-132/15 mm. (116, 118)
(CAHUONS INCHICH . 1 v v v oeveeeeraeneensaiennns 93-04/2 mm. o1)
[
(CiHA0) s NHCIH) . v v o v e v an e iinaeiannnans 150-151/15 mm. (118)
(CeHHO)sSiINHCH) I v v vvnve it i iiianns 170/15 mm., (118)
(CaHYO)sSINHC H) 1 .o vvvvi v i eii i 183-184/30 mm. 0.9550 (20°) 1.4046 (25°) | (99, 118)
(CeHO)sSIINHCHICIH) 1. . vvs v viv v i 196/1 mm. (118)
(CiH10) (Lert-CAHYO)SI(NH )1, o o ovve v ceiiian 66—68/3 mm. 0.939 (20°) 1.4260 (20°) | (138)
(sec-CyH(O) (lert-CJHO)SI(NH ). oo voeeia e 92-95/17 mm. 0.928 (20°) 1.4210 (20°) | (138)
(tert-CaHaOMSi(NHsha. oo vvnv v iiii e 86/22 mm. 0.9294 (20°) 1.4188 (20°) | (68, 129, 138, 147)
{CICHyC(CH1)O ) (tert-C«HyO)SI(NH)s. . . ...vvven s 80-85/2 mm. (147)
(tert-CiH3O)sSI(NHCH1, « v v vt vvee i iaie e 108/22 mm. 0.8815 (20°) 1.4168 (20°) { (129)
(tert-CyHyO)SUNHCHm .. ... ovviiiiii s 212-214 0.8697 (20°) 1.4348 (20°) | (129)
(tert-CaHyO)SI(NHCH )1, . ... oovevviine i vinnnes [§] (129)
(tert-CiHsO)sSi(INHCHICsH)s. . . .. covvviciiiinanes 217-219/11 mm. 1.0003 (20°) 1.4987 (20°) | (129)
(Lert-CaHnO)sSi(NH) .0 oo oo i iiii e i 105-110/15 mm. 0.931 (20°) 1.4300 (20°) | (138, 147)
HSICUNH(ert-CaH) ha. o oo ive e iiiiniinn et 74-75/12 mm. 0.9201 (20°) 1.4379 (20°) | (202)
HSICI{N(CyHala. ..o o oa s e 77-78/12 mm, 0.9354 (20°) 1.4433 (20°) | (202)
CHLSICH{NH(ert-CeHO oo ..o 81-82/12 mm. 0.9259 (20°) 1.44190 (20°) | (202)
CHLSICIIN(CaH) )t v e vvvvine i vv e s 84-85/12 mm, 0.9343 (20°) 1.4453 (20°) | (202)
CIHISICIHINH(tert-CaHd oo v oee e 95-96/12 mm, 0.9280 (20°) 1.4465 (20°) | (202)
CiHASICIIN(CaHadah. ..o ciii e 100-101/12 mm. 0.9395 (20°) 1.4517 (20°) | (202)
CiHSIC1{NH(tert-CiHo) o .. ... s 118-119/15 mm. 0.9153 (20°) 1.4468 (20°) | (200)
CilLSICIHN(CiH)als. oo oo i i 121/17 mm. 0.9323 (20°) 1.4530 (20°) | (200)
CilLSICHHNCHs(CsH) b o oo caeans 195-197/11 mm. 1.5675 (20°) | (200)
CilliSiBrINCHo(CeHad ... ..o aaaes 205/10 mm. 1.2126 (20°) 1.5770 (20°) | (202)
CisSi[NH(ert-CaH) . oovoo i iiiin i e —Qto —6 08-101/14 mm. 1.0358 (20°) 1.4484 (20°) } (30, 32)
ChliIN(CH) s, o oo vie i i s s ennne 59-61/20 mm. (81)
ChSIIN(CiH))s. ..o v 99-104/11 mm, 1.0324 (20°) 1.4514 (20°) | (27)
CisSi{N(@is0-Call)als. .o ove i e e ciii e e 32-40 125-126/8 inm, (31)
CisSi{NCHy(CH)«CHala. ........ooo v 150-155/17 mm. @n
| DR |
(0711311042 (073 3 () 7Y AR (85)
CiaSiINH(CoHCHro) 1. oo ovvvniiiei i (85)
CisSi{NH(1-CieH) 1. . oo ovvi i iiee e eiinasn e (85)
ChSIINII(2-CroHD) s, ..o vine i e (85)
ChSI(NCiHs(CsH) o, .. ..o e i ia e 185-187/8 mm. (31)
BrSiINCIHs(CeHa) Js. ..o oo i it i i cnnenas 221-224/15 mm. (20)
Silanetriamines:
HSUNHCIIN « o e et ee e 14 ) (168)
Hsi[NL(l:IHI,I ..................................... 220/25 mm. (157)
CHuSi{NH(tert-CaHa) s, . ..o iii i ciia e cnass 96-97/12 mm. 0.8413 (20°) 1.4370 (20°) | (202)
CHaSIIN(CH) s, ..o ciit i iiininincnnarananeans -11 161 0.850 (22°) 1.4324 (22°) { (3)
CHuSIHIN(CIH ) M. o ov v iiiiis e iiiaasan s eanns 115-116/12 mm, 0.8672 (20°) 1.4515 (20°) | (202)
CHsSi(NHCsH®1. ... ..oven i viviiiiincininnnes 212/1 mm, 1.14 (30°) (2)
CiHaSiINH(ert-CiHa) . o v o0 v vvveteneniniee i 115-116/14 mm. 0.8459 (20°) 1.4414 (20°) | (202)
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TABLE 12 (Continued)
Compound N{fc::::' B}:’;;::;g d nn References
°C. °C.
Silanetetramines.
CiHSIIN(CsHe)a )1, .. .. oo 133-134/14 mm. 0.8773 (20°) 1.4895 (20°) | (202)
CiHSI(INHCsHs)s. ... ... oo 232-234/1 mm. 2)
CiHySi(NHCH) 1. . ..o oo 101/50 mm. 0.8884 (20°) 1.4427 (20°) | (200)
CiH:SIiNHa{N(CsHa)ads. . ... ..o oo 108-109/18 mm. 0.8684 (20°) 1.4489 (20°) | (200)
CHSIINHC ). oo 90/12 mm. 0.8545 (20°) 1.4380 (20°) | (200)
CiHESI(INHC H) . . oo ve i 120/11 mm. 0.8545 (20°) 1.4436 (20°) | (200)
CiHLSi{NH(@s0-ColI) o, .o vvuv oo 101~102/12 mm, 0.8332 (20°) 1.4339 (20°) | (200)
CiH:Si[NH(iso-CsH) ) IN(CsHa)shs . ... . ... ... ... 125-126/15 mm., 0.8595 (20°) 1.4494 (20°) | (200)
CiH:Si{NH(iso-CrH) WIN(CsH) oo o 111-112/13 mm. | 0.8469 (20°) | 1.4412 (20°) | (200)
CiHi8i{NH(iso-CaH:) hi{N(iso-CsHns) . . .. ... ... .. 131-132/15 mm. 0.8564 (20°) 1.4480 (20°) | (200)
CiHSi{NH(iso-CoHy) W {NH(tert-CiHa)) . ... ... ... . ... 105-107/11 mm, 0.8385 (20°) 1.4375 (20°) | (200)
CiH:Si{NH(iso-CsHn) W{N(CsHuda) .. .. ... ... ... ... 188-189/8 mm., 1.404 (20°) (200)
CiH:Si [INH (is0-CoHn) hJf{NCHo(CoHs) ). . . ... .. ... ... 153/10 mm. 0.9352 (20°) 1.5030 (20°) { (200)
CiHASIINHCH 1. . ovve v 117-119/2 mm, 0.8527 (20°) 1.4474 (20°) | (200, 201)
CiHsSi{NH(@so-CeHa) s oo 140-141/12 mm. 0.8466 (20°) 1.4424 (20°) | (200)
CiHaSi{NH(sec-CeH) a0 130-131/12 mm, 0.8473 (20°) 1.4436 (20°) | (200
CiH:SiNH (NH(tert-CeHa) )ao oo oo 104/15 mm. 0.8539 (20°) 1.4414 (20°) | (200)
CiHISi(NHC:Hy) [INH(tert-CaHp) b .. ... ... ... ... 109~110/12 mm. 0.8471 (20°) 1.4415 (20°) | (200)
CiH:Si{NH(tert-CiHy) h{INH(iso-CaHI) ). .. ... ..., .. .. 118-119/14 mm. 0.8430 (20°) 1.4404 (20°) | (200)
CiHLSi{NH@ert-CaHo) oo oo oo 119-120/11 mm, 0.8452 (20°) 1.4427 (20°) | (202)
CaHSIINHCHI) . . vve v v 164~165/3 mm. 0.85186 (20°) 1.4503 (20°) { (201)
(077 C1S3T00 52 (07} (1) X TN 182-183/2 mm. 0.8507 (20°) 1.4527 (20°) | (201)
CiHaSIINHCsHu) 1. o ven oo 187-189/2 mm, 0.9478 (20°) 1.4916 (20°) | (200, 301)
(0715 0121 00 (03 2 ) 1] F T 72-74/13 mm. 0.8695 (20°) 1.4423 (20°) | (200)
CHLSI{N(CeHa)s b oo 136-137/10 mm. 0.8782 (20°) 1.4599 (20°) | (202)
CiHaSi(NHCsH ). . o oo vvvvvncncnnn i 235/3 mm. (200, 201)
CiHSi{NCHW(CsHs) s {NH(iso-CsH?)). .. ... ... .. .. 204~205/10 mm. 1.0155 (20°) 1.5608 (20°) { (200)
CHRSiI{NCHUCH) .o 227-229/2-3 mm, (202)
CiHZSi(NHCHWCoHa) s o oo 216~218/1 mm. 1.0503 (20°) 1.5665 (20°) | (201)
CiHSiIN(CH)CHabsow oo 172-175/2 mm. 0.9696 (20°) 1.5007 (20°) | (200)
| I
CieHnSi[N(CoHads)a. ..o 211-2168/0.16 mm. (100)
1-CroHaSi(INHCH) 1. .o oo e 176-178 (44)
CHOSIINHCH )1, oo v v 98-101/15 mm, (119)
CiHiOSIINHCIH) 1. oo oo venerr i i 115-116/16 mm, (116)
CHOSIINHCIH) 1. .o oo ove v cieie e 146-147/15 mm. (119)
CiHOSIINHCH ) 1. . ov v ee e e i 134-136/1.5 mm. (119)
CHWOSIINHCH ). .o cvcvv e i 215-218/0.5 mm. (119)
CHOSIINHCHICH )1, o v vvvn e cii it iie e 32 218-223/0.5 mm. (119)
{HCHDINNSIIO . e o et et eeee e —18 138-139/1 mm. 1.022 (23°) (3)
CiSi[N(CH)s)s.. 62-63/12 mm. 0.9741 (20°) 1.4423 (20°) | (27)
CISIIN(CH s, . ovve e 131-136/13 mm. 0.9516 (20°) 1.4568 (20°) | (27)
CISi[NH(tert-CaHn) Jaoo ..o iiieciii i ciiiias 17-18 138-141/34 mm. 0.9309 (20°) 1.4460 (20°) | (30, 32)
CISi{N(CH)«CHals, ... . oocvvviiiiiiiiia e 155-158/3 mm, 27
| I
Silanetetramines:
SiINH@ert-CaHO M. ... ovvven i 45-46 127-131/12 mm. (28)
SIIN(CH) h. o ove v i i -2 74-75/19 mm, 0.973 (22°) (3)
12-15 72-75/13 mm. 0.8881 (20°) 1.4436 (20°) | 2N
SiIIN(CsH) . . i iiia i 3-4 156-158/14 mm. 0.9026 (20°) 1.4670 (20°) | (29)
SIIN(C:HMW)INCH:CHa oo oo 100/10 mm. 91)
| B
SIIN(CHNCH s, oeeee e 81-82 181-182/2 mm. 27)
| I
SINHCHI) . o e vvvt teie i 136 (130, 155)
SIINH(CsHICHrp) Jie e o oo e ci e 131-132 (155)
SIINH(CHWCHr0) Jt. oo v e ciieie e (155)
SiIN(CHsCoH) oo oo eve e (130)
Si[l"gj)cﬂclc ...................................... 173.4 (158, 187)
SIINH-CroH) l. . oo e (185)
SiINH@-CooH) ..o (158)
Disilazanes: (155)
(HaSiaNCHi. . ..o i —124.6t0 —124.1 (198)
(HaSi)aNBHa. .. ... e —40 to —35 37
(HaSi)aNBaHi. . .. ..o —69.6 to —68.8 (37)
(HsSiWNBCh. . ... 60-65 (d.) 37
(HaSD)aNBF . ... i v e i (199)
(HsSiCH)sNCHi. . ... ..o -115 80 (55)
CHSIihNH ., ... e i 125.7-126.2 0.7741 (20°) 1.4078 (20°) | (69,79, 112.!181. 185)
CH)SIihNCHa. . ... e 148 0.794 (25°) 1.4190 (28°) | (143, 169)
71 79)
[(CH)sSIODNCHsCH=CHs. ........cvovrirrrrnc.. 179 0.820 (28°) 1.4368 (25°) | (193)
[(CH)SUN(CH)SIHyCeHe. . ... ..o 184/256 mm, 0.806 (25°) 1.4900 (258°) | (193)
[(CH)sSiJiNSOIOSI(CH) . .o v v oo v viircneiie s 78/0.05 mm, (13)
[CoHy(CHasSIhNH .. .o v i iniees 174-178 0.8014 (20°) 1.4295 (20°) | (33, 179)




THE CHEMISTRY OF SILICON—NITROGEN COMPOUNDS

TABLE 12 (Continued)

385

Compound L:::::i:‘ B;Oi}:;‘ d ‘np References
°C. °C.
Dasilasanes:
[(ColIaaSIHENH. ... i iiee e 102-103/50 mm. 0.8035 (20°) 1.4340 (20°) | (178)
[CHa(CaHe)sBi aNH . oot ivi e ineiinen e ias 111-112.5/40 mm. | 0.8316 (20°) 1.4423 (20°) | (179)
[CH)SINH. ..o v 100/1 mm. (8, 63, 105)
[(CH)sSICHsSI(CHasINH. ..o 93/2 mm. 0.8352 (20°) 1.4478 (20°) | (141)
[(Cilla)sSICHSI(CrHs)a hlNH . ... ... o 188/2 mm. 0.8860 (20°) 1.4809 (20°) | (141)
[(CaH)SICHsSI(Call:)shNH. . ... ...l 214-216/2.5 mm, 0.8841 (20°) 1.4725 (20°) | (141)
[(CeHMSICILBI(CH) s WNH. .. ... 256-257/3.5 mm. 0.8622 (20°) 1.4731 (20°) | (141)
[CoHa(CH)SIWNH. . ... 128-129/2-3 mm. 0.9850 (20°) 1.5384 (20°) | (180)
HCH S hNH . ... i i e 178 (154)
235-236 (45)
[(p-CHsCsH)sSIhNH . ... 223-224 (45)
{(p-(CH):NCsH LS hhNH. ... (208)
JCHIOSIINH . .. oot 95-97/8 mm, (162)
[CrHy(CHIOMWSIENH. . . ..o 92-95/6 mm., 1.124 (15°) (162)
(CHIOSiNH. . ..o i e 115-116/10 mm. 1.003 (15°) (162)
[(80-CoHZONSIWNH. . ... 178)
[(is0-CsHOO)SINHaBNH, . ... (178, 214)
[(C(H:O)SIWNH. ... ... e 210-211/14 mm. (118, 117)
[(tert-CaHONSINHsBNH. . .. ... ae 162-163/22 mm. 0.9513 (20°) 1.4240 (20°) | (129)
[(CeHIONSiENH. . ..ot 261-265 (178, 214)
(CH)SINCHUSHNH. ...t 70-72/24 mm, (81)
[(CH)SIN(CIsSHNCHy. . ... 76-77/27 mm, (81)
(CHSDINH. . ..o i 34/3 mm. (173)
Trisilylamines:
(HaSi N ., oo i e e s —105.7 52 0.895 (—106°) (110, 160, 198, 198)
(DaSDIN . Lo e e (160)
(HaSICHIN .. .o i e e -107 108 (58)
[CHDSIN. . e 70-71 76/12 mm, 0.8635 (20°) 1.45845 (20°) | (79, 210)
(ChSDaN. ... 44-48 (78) (148)
Cyclosilazanes:
[CHDSINH. ... e —10 188 0.9198 (20°) 1.4448 (20°) | (33, 34, 82, 109, 128)
[(CHDSINCsHals. ..o 249-250 190-193/11 mm, (128)
(CH)CHSSINH). ... 112-115/13 mm. 1.4564 (20°) | (92)
007 2 Y111 30 ¢ & I TS N —41 150/10 mm. 0.9287 (20°) 1.4670 (20°) | (33)
[CeHi(CHO)SINHh. ... 115-118 218-220 (92)
[CeHDSINH oo 213.5 (121)
{(1s0-CaHO0)SINH ). . ... 147 (175, 214)
[(CHIONMSINH . oot ca s 245-250/12 mm, (116)
[(tert-CaHaO)sSiNHh. .. ... 189-190 (68, 120)
[(CHONSINH . .o e (175)
[CH:SINH .. ..o i e 97 225 (33, 34, 82, 128)
HCHMSINH . ... i 16 190-192/10 mm. 0.9521 (20°) 1.4769 (20°) | (33)
[(i80-CsHO)SiINHL. ... ..o 191 (175)
[CSHOMSINH . ... oo ciiiie e 120 (175)
Silylamides:
(CH)sSINHCHO. ..., e 84-85/0.1 mm. (95)
(CHy)sSiNHCOCIH) 52-54 185-186 (95)
(CH)sSiN(CH9)COCHs. ..o vvvvv iy 48-49/11 mm, 1.4379 (24°) | (95)
(CH)sSiNHCOC(CH#)=CHs...........ccovvvir.., 65-68 (95)
(CH9)sSINCO(CH)sCHa. ... ..o 77-81/6 mm. (95)
—_ J
(CH)sSINHCOCUH®. ... ..o ) (95)
(CH)SINHCOCsH.. . ... ociiiiivi e 118-120 (95)
(CHMMSINIICONHs. . ..o ci e 160-171 (51)
(CH)sSINCH'CONHCHy. . ..., 77-79 (51)
(CsHD)SINHCOCHS. .. covue oo 150-163 (95)
(-CiH:0)s8INCO(CHICO . . ... ..o 85-67 (175)
-
Tetrakis(triethyisiiyi)uriomoid. ... ........... .. ..., 43 200-205/0.04 mm, (22)
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