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Summary L 

Tri-t-butylsilylamine has been synthesized in excellent yield from the hyclro- 
genation of tri-t-butylsilylazide, The pK,., values of the amine and its mono- and 
dimethyl derivatives have been quantitatively measured in 40% H20/60% THF 
solution. Stable silylammonium salts, [(CH3)3C]3SiN%,X- (X = Cl, Br, BF,) have 
been isolated and characterized. In addition,‘boron trihalide adducts of the 
amine, [(CH,),C],SiNH2 + BX, (X = F, Cl), have been isolated and studied. 

Introduction 

After almost thirty years of attempts [l-4], tri-t-butylsilicon compounds 
were first synthesized in 1975, almost simrrltaneously, by three research groups 
[5--71. In spite of recent activity in this new field [S--13], no study has been 
done on the sterically motivated stabilizing effect that the tri-t-butylsilyl group 
would have on silylamino compounds_ The apparent resistance of tri-t-butylsilyl 
compounds to SnB-Si type displacement reactions [7,8] and the earlier success- 
ful measurement of the p&, of a sterically hindered silylamine, l-diethylamino- 
3,5,7-trimethyl-1,3,5,7_tetrasilaadamantane, Me3AdN(C2Hj)? [14], provided the 
incentive to develop a practical synthesis for tri-t-butylsilylamines and to explore 
some of their basic chemistry. 

Results and discussion 

Classical synthetic routes of formation of silylamines failed to produce any 
tri-t-butyIsilylarnine_ Marshall and coworkers had developed a method of synthe- 
sis of silylamines involving tin hydride reduction of silyl azides [15]. Tri-t-butyl- 
silylazide (I) was produced in 70% yield by the method of Audrieth 1163, by the 

* Dedicated to Professor E.G. Rochow on the occasion of his 70th birthday. 
** Author to whom correspondence should be addressed. 
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reaction of tri-t-butylsilylchloride and sodium azide [17]. Compound I is a 
CH3CN 

[(CH,),C],SiCl + NaN, - reflus I(CH3MWiN3’+ N&l 

white, waxy solid which gives spectra and analysis consistent with the proposed 
structure (Tables 2,3). The tri-n-butyltin hydride reduction of I proceeded very 
slowly, the yield of tri-t-butylsilylamine (II) was low (26%) and purification from 
tin containing material proved difficult. Lithium aluminum hydride reduction of 

[(CH&C]$iN, + (C,H,),SnH -+ [(CH,),C],SiNHI + (C,H,),Sn, 
(1) (II) 

I yields very little II. The primary product is tri-t-butylsilane. 
An easy, clean synthesis of II was achieved by the medium pressure hydro- 

genation of I in t-butyl alcohol over Raney Nickel active catalyst, following a 
procedure often used for the reduction of organic azides to amines I-18,191. Con- 
version to II is quantitative and removal of solvent yields a pure, white, waxy 

[ (CH,),C],SiN, + HZ e [(CH,),C],SiNH, + N2 
(1) 1000 psig, r-t. (II) 

so!id which gives the expected spectra and analytical data (Tables 2,3). Less 
hindered silylamines and silylazides will undergo solvolysis in alcohols to yield 
alkoxysilanes via an SN2--Si mechanism [203. It is only the remarkable stability 
of compounds I and II in protic solvent, for at least several days, which allows 
this procedure to be used. 

Monomethyl- and dimethyl-amino derivatives of II were synthesized by con- 
ventional means. The parent amine, II, was treated with an equivalent of methyl- 
lithium in diethyl ether, and then reacted with excess dimethylsulfate in THF to 
give N-methyl tri-t-butylsilylamine (III) in 76% yield. Compound III was then 
treated in a similar manner to give 71% of NJV-dimethyltri-t-butylsilylamine (IV)_ 

[ (CHj)jC]jSiNH2 (‘I CH3Li’ether’ooC > 
(2) ~CHJ~~SOJITHF/O”C 

[(CH,),C],SiN:EH + LiZSO + CH, 
3 

(11) (III) 

[(CH,),C]JSiN’H ,CHj ,Z~~~~~~~~~~,~O~ I(CH3)3C13SiNCH3)2 + Li2SOJ + (3% 
<III) <IV 

Both compounds are white, waxy solids, and they give spectra and analyses con- 
sistent with the suggested structures (Tables 2,. 3). 

The pK, measurement of II, III and IV were done using the same technique 
used by Homer and Sommer on l-diethylamino-3,5,7-trimethyl-1,3,5,7-tetrasila- 
adamantaneW) 1141. A 40% H20/60% THF solvent system was employed to 
ensure.homogeneity during the determinations and to give data directly com- 
parable to that obtained for V_ Two organic amines, t-butylamine and 2,6-dime- 
thylaniline, were chosen as reference compounds with some steric hindrance 
around nitrogen- All silylamines were reclaimed from the test solutions in 88% 
or greater isolated yield and no decomposition resulting from the experimental 
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PI&, DETERMINATIONS IN 40% H10/60% THF AT 26OC 

Ph’h Reference 

t-Butylamine 
Tri-t-butylsilylamine (II) 
N-Methyltri-t-butylyla~e <III) 
N.N-Dimethyltri-t-butylsilvlalnine (IV) 
MesAdN<CzH& 0’) 
2.6-DimethylaniIine 

4.08 f 0.02 This work 
8.25 f 0.02 This work 
9.43 % 0.02 This work 

10.78 i_ 0.02 This work 
8.32 f 0.02 14 

11.50 f 0.02 This work 

technique could be detected by IR or GLC. The values obtained are given in 
Table 1. 

The complexity of structure-basicity relationships for amines in general 
leads one to conjecture that the near correspondence of basicity for silylamines 
II and V is a result of a fortuitous cancellation of the effects on basicity by the 
different structural features present in the two amines. The low basicity of both 
II and V relative to t-butyiamine is most probably caused largely by dr-pn 
bonding between silicon and nitrogen [14]. The relatively large decrease-in 
basicity, 340-fold, between amines II and IV can be rationalized as the result of 
greatly enhanced overall steric effects which affect solvation of the ammonium 
ion more than solvation of the amine. 

Silylamines normally react with hydrogen halide acids to give disiloxanes, 
alkoxysihmes or silanols in protic solvent [21] or silylhalides in aprotic solvents 
1223. Aylett and co-workers have reported unstable silylammonium compounds 
which decompose at or below room temperature 123,241, and Ebsworth and 
Emeleus have reported a possible unstable donor-acceptor complex [25]. N,N- 
Dimethyl(trichlorosilyl)amine, (CH,) ,NSiCl,, and bis(dimethylamino)dichloro- 
s&me, [(CH3)1N]ISiC12, have been reported to form stable compounds with hy- 
drogen chloride by Coates and Cass, but no spectral or structural data were given 
[=I- 

The almost quantitative recovery of silylamines II, III and IV from acidic aqu- 
eous THF solution after several hours indicated that the corresponding ammoni- 
um salts were stable and could probably be isolated (see Scheme 1). All ammoni- 

SCHEME 1 

[(CH,),C],SiNH, + HX ‘OS H’zyoP. T”T [ (CH3)3C]3SiN‘H,X- A 
on (1) NaOH/HzO 

(2) Ether..Pentane 

X = Cl(VI), BF,(VII), Br(VII1) 

nium salts isolated were derivatives of tri-t-butylsilylamine (II) because of its 
availability. The reaction of a pentane solution of II with aqueous HCl yields an 
aqueous solution of tri-t-butylsilylammonium chloride (VI) which may be separ- 
ated from the organic phase. White, powdery compound VI is obtained in 94% 
yield after removal of water. A similar procedure, using tetraf’luoroboric acid 
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TABLE2 

lHNMRCHEhl~CALSHIFTFORNEWCOh%POUNDS 

Compound 

I= 
II” 
111o 
IVQ 
VIb 
VII fJ 
VIII5 
1x= 
xc 

Chemicalshift <6)reIativeto internaI CgHg 

1.29 (t-Bu3Si.s) 
1.17 <t-Bu3Si,s),no NH2 signal obs. 
1.20 <t-Bu3Si.s. 27 H). 2.79 (N-CHs.s.3 H);no N-H signal obs. 
1.24 (t-Bu3Si.s.27 H);2.?7 <N(CH+.s.6 H) 
1.20 (t-Bu$i.s):no N H3 signal obs. 
1.19 (t-Bu$i_s):no N"Ha signalobs. 
1.15 <t-BugSi.s);no N’H3 signal ohs. 
1.22 <t-Bug% s); no NH3 signal ohs. 
l-24 Ct-BugSi. s): no NH3 signal ohs. 

"In CCl+bIn Dh~SO-d6.cIn aC&OIlitIik-dj/D~MSO-d6 4/l. 

TABLE3 

IRSPECTR_4.IMPORTANTM_4SSPEAKSANDANALYTICALDATAFOR NEWCOMPOUNDS 

Com- IR km-‘) Mass spectra = _4mdytical data 
pound <relative intensity) 

talc. Found 

Ib 

IIb 

III b 

wb 

VI= 

VIIC 

VIII= 

IXd 

xd 

2980m. 2960s. 2940s. 2900s. 
2860s.2150s.1480s.1390s. 
1370m.l330s.1010~v.930u~.690m. 
630s 

343Ow.298Os.294Os.29OOs.286Os.' 
1460s.1380s.1340m.ll2Os.llOOm. 
1010w.930w 

298Os.296Os.2860~. 2800m. 1460m. 
1390m,lS70w.1270m.ll5Om.lO7Ow. 
980s.930w.670m 

184(31), 14'WiO). 
100(100),73(31). 
57(35) 

158(46).116(32). 
74(100).59(9).57(11) 

172<56). 130<29). 
88(100).73~14). 
59(24).58<30).57<23) 

186(49),144(36). 
102(100).88(5).73(41) 
72(49).59<30),57<29) 

%Si 11.64 11.57 
%C 59.67 59.67 
%H 11.28 11.24 
ZN 17.41 17.25 

%Si 13.04 12.92 
QC 66.89 66.85 
%H 13.57 13.62 
ZN 6.50 6.51 

WC 68.04 67.98 
%H 13.62 13.50 
ZN 6.10 6.20 

%C 69.05 69.01 
%H 13.66 13.57 
%N 5.75 5.76 

+&Cl 

AF 

%Br 

%F 

WC1 

14.07 14.35 

25.06 24.89 

26.96 26.98 

20.12 19.98 

31.98 31.53 

"Nop~ention~obs.f0rcompounc7sI-IVandnomassspect~aobs. for compoundsVI-x.b5%bywt. 
inCC1q soIncKBrpeIIet_dNujolmuII. 
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gives an 88% yield of tri-t-butylammonium tetrafluoroborate (VII). Anhydrous 
HBr gas will react with a solution of II in pentane to give an immediate white 
precipitate of tri-t-butylsilylammonium bromide (VIII) which is isolated in qu- 
antitative yield by solvent removal. Compounds VI, VII and VIII are all white, 
powdery, water soluble solids with melting points in excess of 270°C. The spec- 
tra obtained and halide analyses are consistent with the proposed silylammoni- 
urn structures (Tables 2,3). The infrared spectra show a greatly broadened NH? 
stretching frequency shifted to lower energy than that observed in silylamine II. 

Sommer and co-workers found that the reaction of optically active silicon 
compounds with b&on trihalides results in displacement of the amino group and 
the formation of the inverted silylhalide, by an S,2-Si mechanism. [27] (Scheme 
2). Aylett and Peterson have observed, at -78°C in a vacuum system, formation 

SCHEME 2 

R,Si*NRS + BX, + R,Si*NRS + BX, - tBX3 [R,Si*N%$BXz]BX; 

(A) . W 

R R 
\/ 

--f [X,B.--X-..~.-.NRIBX,] + BX, + XSi*R, + RLNBX, 

R 

CC) 

of solid borane and trimethylboron adducts of tris(dimethylamino)silane, 
C(CH&Nl&K and bis(dimethylamino)silane [ (CH,),N],SiH,, similar to struc- 
ture A [ZS]. The adducts were postulated because of the isolation of alkylsilanes 
and aminoboranes after warming to room temperature. Silyl substituted amino- 
boranes, (CH&SiN(H)BXZ, have been isoalted in benzene solution by Becke- 
Goering and Krill from the reaction of boron trihalides and hexamethyldisil- 
azane [29]. More recently, Haubold and Kraatz have observed silylamine-borane 
adducts similar to structure A in solutions of tris(trimethylsilyl)amine, 
[(CH,),Si],N and boron trifluoride or boron trichloride in ether [30]. The com- 
pounds were not isolated and are seen in solution only below -20°C 

The stability of the silylammonium compounds VI, VII, and VIII indicated 
that an intermediate similar to A or B could be isolated by reaction of II with 
boron trihalide. A cold pentane solution of II gives an immediate white. precipi- 
tate when either boron &fluoride or boron trichloride is bubbled into solution. 

1. (CH,),C],SiNH, + BX, pentan? [(CH,),C],SiNH, + BX, 
o”c 

X = F(IX), Cl(X) 

Compounds IX and X are white powdery substances with sharp odors. The 
elemental analyses and spectra are in agreement with the proposed structures. 

. The yields of both are quantitative. 
Compounds IX and X do not melt, but decompose at 240 and 19O”C, respec- 

tively. They produce the parentsilylamine, II, a halosilane, and a tarry or 
charred residue which is soluble in water. 
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I(CH,),C],SiNH2 + BF, y [(CH3)3C]3SiNH3 + [(CH,),],SiF + tar 
(IX) (ii) 

(11%) (23%) 

[(CH,),C],SiNH, 4 BCL, F [(CH&C]3SiNHZ + [(CH,)$],SiCI + tar 

Go (II) 
<36.5%) U3m 

The decomposition probably does not proceed according to the mechanism in 
Scheme 2 primarily because of the reluctance of tri-t-butylsilyl compounds to 
go through a transition state like C. The greater quantity of halosilane produced 
by IX compared with X may indicate that there is some steric effect in the 
decomposition pathway or it may only reflect the preference of silicon to bond 
to fluorine whenever possible. 

In summary, the inability of tri-t-butylsilylamine to react by an S,2-Si path- 
way lends it a stability which greatly affects its chemistry_ It allowed the syn- 
thesis of the amine by an unorthodox route and it has permitted the first quan- 
titative measurement of pK, values for a series of silylamines. Previously unsta- 
ble species, silylammonium salts and silylamine-boron trihalide donor-accep- 
tor complexes, could be isolated and characterized. This stability may also pro- 
vide a route to ‘other unknown silicon containing species such as silyldiazonium 
salts. 

Experimental 

‘H NMR spectra were determined with a Varian Model A60A spectrometer in 
various solvents containing a small amount of benzene as an internal reference 
signal. Mass spectra were measured on a Varian Model M-66 spectrometer, with 
an ionizing voltage of 70 eV for all compounds. Infrared spectra were deter- 
mined as 5% solutions in carbon tetrachloride or as KBr pellets or Nujol mulls 
as noted- Spectra were run using a Beckman Model IR-8 Grating infrared spec- 
trophotometer. 

Analytical gas chromatography was done on a Hewlett-Packard Model 7620A 
Chromatograph with a flame ionization detector using a 10% UCW-98 column 
(6’ X l/8”). Preparative GLC was done on a Varian Aerograph Model 920 with a 
thermal conductivity detector using an 8% SF-96 column (10’ X 3/8”) for all 
separations _ 

Elemental analyses were done by Galbraith Laboratories, Inc., Knoxville, 
Tenn. All melting points are uncorrected but were determined in air-free sealed 
capillaries. Hydrogenation was done in a Parr Model 4052 Pressure Reactor 
fitted with a Parr Model 134HClO Glass liner. 

-Tri-t-butylchlorosiane was prepared as reported in the literature [5,7,8]. All 
solvents were dried by distillation from an active me& hydride or by use of 3A 

. molecular sieves TM. Methyllithium (Alfa) and dimethyl sulfate (Aldrich) were 
ksed as received. Hydrogen bromide, boron trifluoride, and boron k-chloride 
(Matheson Gas) were all used directly from the lecture bottle. 

Tri-f-bufylsflyla.zide (I) 
A mi&=e of 16.6 g (71 mmol) of tri-t-butyl;hlorosiane, 9.1 g (140 mmol) 



101 

of sodium azide and 250 ml of acetonitrile were refluxed for 18 h. The reaction 
was cooled and 100 ml of pentane was added to precipitate sodium azide from 
solution. The salts were removed by filtration under nitrogen and the solvent 
was removed to yield a yellow syrup which gave 12.08 g (70%) of tri-t-butyl- 
silylazide by preparative GLC. M-p. 114-116°C. 

Tri-t-bu tylsilylamine (II) 

(A) By tin hydride reduction of I_ A solution of 0.16 g (0.64 mmolj of II and 
0.46 g (1.6 mmol) of tri-n-butyltin hydride was heated to 104 + 2°C. After 2 
weeks all of the tin hydride had been consumed, the reaction was stopped and 
the products were collected by preparative GLC. The yield of isolated tri-t- 
butylamine, m-p. 70-72°C was 0.032 g (26%), and 0.017 g (11%) of unreacted 
I was recovered. 

(B) By catalytic hydrogenation with Raney Nickel. A solution of 4.65 g (19.3 
mmol) of I in 20 ml of dry t-butyl alcohol was placed in a glass hydrogenation 
vessel along with 0.3 g of Raney Nickel active catalyst which had been washed 
free of water with three portions of dry t-butyl alcohol. The vessel was placed 
in the pressure reactor and the reactor was placed in the rocker mechanism. The 
system was flushed several times with hydrogen before final pressurization to 
1000 psig. The mixture *a$ rocked under pressure for 16 h at 30°C. The con- 
tents were then filtered under nitrogen to remove the catalyst and the solvent 
was removed’at reduced pressure yielding 4.01 g (96.4%) of pure II. 

N-Methyltri-t-bu tylsilylamine (III) 
A solution of 1.50 g (6.97 mmol) of II in 20 ml of THF at O’C was reacted 

with 4.5 ml of a 1.71 M solution of methyllithium in ether. After 30 min, 0.96 g 
(7.7 mmol) of dimethylsulfate in 2 ml of THF was added and the reaction was 
allowed to warm to room temperature and stirred overnight. An aqueous work- 
up with dilute NaOH solution was used, followed by extraction into pentane. 
After drying and solvent removal, preparative GLC yielded 1.21 g (76%) of 
N-methyltri-t-butylsilylamine, m.p. 157-158°C. 

N,N-Dimethylaminotri-t-butylsilylamine (IV) 
A similar procedure to that used for III and work-up employing 0.80 g (3.5 

mmol) of III yielded 0.58 g (71%) of NJJ-dimethylaminotri-t-butylsilylamine, 
m.p. 238-239°C 

pKb Measurement -general method 
The pK, values of amines II, HI, IV and the organic reference amines were 

determined using the half-neutralization technique on a Beckman Expandomatic 
pH meter fitted with glass and calomel electrode and calibrated with the appro- 
priate standard buffer solutions. The temperature was maintained at 26.0 + 
0.5”C throughout the measurements. 

A sample of the amine eras carefully weighed into a 50 ml volumetric flask 
and exactly half an equivalent of 0.5070 N aq. HCl was added using a precision 
burette. Then 40%/60% THF solution was added to dilute to the mark and the 
resultant solutions were inspected for homogeneity_ Measurements were made in 
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an -open beaker and calibration was rechecked periodically to minimize error. 
Recovery of the amines after measurements were completed, involved addi- 

_ tion of dilute aq. NaOH, followed by satd. NaCl solution and extraction into pen- 
tane. Pentane extracts were dried and solvent removal yielded 88 to 99% 
recovery of amine. IR spectra and m.p.‘s were identical to pure starting materials. 

Tri-t-butylsilylammonium chloride (VI) 
A solution of 0.24 g (1.11 mmol) of II in 10 ml of pentane was shaken with 

20 ml of 0.1 N aq. HCI for several minutes. The aqueous layer was separated and 
the organic layer was washed twice with 10 ml portions of distilled water. The 
aqueous extracts were combined and the water was removed at reduced pressure 
yielding a white solid. The solid was dried at room temperature over P105 at 1 
torr for 24 h. This yielded 0.26 g (94%) of tri-t-butylsilylammonium chloride, 
m-p_ >27O”C. 

Tri-t-butylsilylammonium tetrafluoroborate (VII) 
A similar procedure to that used for VI employing 0.20 g (0.9 mmol) of II 

and aq. HBFJ yielded 0.25 g (88%) of the theoretical amount of tri-t-butylammo- 
nium tetrafluoroborate, m-p_ >27O”C_ 

Tri-t-butylsilylammonium bromide (VIII) 
A solution of 0.17 g (0.8 mmol) of II in 10 ml of pentane was cooled to 0°C. 

Anhydrous HBr gas was bubbled through the solution for 1 min causing immedi- 
ate precipitation of a white solid. Solvent and excess HBr were removed under 
reduced pressure yielding 0.23 g (99%) of tri-t-butylsilylammonium bromide, 
m-p. >27O”C. 

Boron trifluoride adduct of tri-t-butylsilylamine (IX) 
Boron trifluoride gas was bubbled for 1 min through a solution of 0.198 g 

(0.92 mmol) of II in 10 ml of dry pentane causing immediate precipitation of a 
white powder. Solvent and excess boron trifluoride were removed at reduced 
pressure yielding 0.24 g (93%) of tri-t-butylsilylamine-boron trifluoride adduct, 
decomposes at 240°C. 

Boron trichloride adduct of tri-t-butylsilylamine (X) 
A similar procedure to that employed for IX, using 0.21 g (0.97 mmol) of II 

and boron trichloride gas yielded 0.32 g (99%) of tri-t-butylsilylamine-boron tri- 
chloride adduct, decomposes at 190°C. 
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