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The unhindered silanimines 1,l-dimethyl-N-phenylsilanimine 
(2) and N-isopropyl-1,l-dimethylsilanimine (10) have been 
generated by flash vacuum thermolysis of the N-allylsilan- 
amine 1 and vacuum gas-solid reaction of the l-chlorosilan- 

amine 9, respectively. The silanimines 2 and 10 have been 
characterized by MS as well as by chemical trapping to yield 
3 or dimerization to the cyclodisilazane 11. 

The chemistry of silicon-nitrogen double-bonded compounds has 
recently culminated in the isolation of two kinetically stabilized 
silanimines? The scarcity of such isolated compounds can be ex- 
plained by their extreme instability: silanimines substituted by ster- 
ically demanding substituents polymerize rapidly in solution even 
at low temperature2). Attempts to synthesize silanimines by thermal 
elimination of lithium fluoride from lithium salts of fluorosilan- 
amines generally led to the corresponding cyclodisilazanes ,). If a 
silanimine can be effectively formed as a reactive intermediate in 
this process, a bimolecular two-step cyclodisilazane formation can- 
not however be excluded4). The aminosilylene HSi - NH2 has been 
observed, instead of the unsubstituted silanimine HzSi = NH, by the 
254-nm photolysis of silyl azide isolated in an argon matrix at 
12 K 'I. Transient N-p-tolyl- and N-phenyl-1,l-dimethylsilanimines, 
characterized by their dimers or addition products, have been ob- 
tained by mild thermal [2 + 31 cycloreversion of a siladihydro- 
triazole at + 50"C6.'), cothermolysis of dimethylsilacyclobutane and 
N-phenylbenzaldimine'), and photolysis of dimethylphenylsilyl 
azide9!. We report here on the first direct spectrometris evidence of 
the formation of two unhindered silanimines using respectively the 
retro-ene reaction of an N-allylsilanamine under flash vacuum ther- 
molysis (FVT) conditions, and the dehydrochlorination of an 1- 
chlorosilanamine by vacuum gas solid reaction (VGSR)"'. 

The FVT of ally1 dimethylsilyl ether has been shown to lead to 
dimethylsilanone by a retro-ene decomposition 'I)  and therefore, we 
anticipated the silanamine 1 as a precursor of the N-phenyldime- 
thylsilanimine 2. Compound 1 was prepared from allylphenylamine 
and chlorodimethylsilane by the slightly modified general 
procedure12! (see Experimental). In fact, the FVT of 1 at 900°C/ 

hPa led mainly to the expected products, propene and silan- 
imine 2. The formation of 2 was unambiguously demonstrated by 
injection of tert-butyl alcohol, an efficient trapping agent of reactive 
~ilanimines~,~), into the oven exit during the time of thermolysis. 
The expected addition product 3 was thus obtained in ca. 30% 
yield (determined by GC) and identified by comparison (NMR, GC/ 
MS) with an authentic samplef3!. 

Direct evidence of the presence of 2 in the FVT of precursor 1 
has been obtained by coupling the oven with a high-resolution mass 
spectrometer, as previously described 14). All the species produced 
by FVT of compound 1 at 900°C have been characterized in this 
way in real time by MS. In particular, the spectrum shows the 
disappearance of the molecular (m/z 191) and base peak (m/z 59, 
[(CH3)2SiH]f) of the precursor 1. At the same time, a new peak at 
m/z 149.067 (30%) appears, corresponding to that expected for 
silanimine 2 (CsHIINSi, calcd. 149.0661), as confirmed by its MS/ 
MS analysis showing fragments at m/z 134 (- CH,), and 91 
([Ph-N]+) resulting from the cleavage of the Si = N double bond. 

...- 
1 2 3 (yield 30%) 
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'Si-N 

H 
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The FVT of precursors 4, 6, 7 was undertaken under similar 
conditions. The energetically favored, competitive retro-ene process 
leading to the N-(dimethylsily1)imines 5 and 8 was however pre- 
dominant, and no silanimine was observed. The imines 5 and 8, 
obtained in ca. 30% yield (GC), were characterized by IR [Si-H: 
2080 (5) or 2095 cm-' (S), C=N:  1670 cm-' (5 and S)], in good 
agreement with the values reported for similar  compound^^^), as 
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well as by MS. The mass spectra of imines 5 and 8 exhibit the 
respective M+'  peaks at m/z 115.082 and 155.113 [calcd. CSH13NSi 
(5) 115.0817; CsH17NSi (8) 155.1 1301. The N-silylimine structure is 
obvious in both compounds, owing to their important fragment ion 
at m/z 59 ([(CH3)2SiH]+, rel. int. 87% for 5 or 28% for 8) resulting 
from the cleavage of the Si-N single bond. 

On the other hand, the dehydrochlorination under VGSR con- 
ditions of the chlorosilanamine 9, synthesized by condensation of 
isopropylamine with dichlorodimethylsilane in the presence of tri- 
ethylamine, gave the expected N-isopropyldimethylsilanimine 10. 
The VGSR apparatus has previously been described"). When po- 
tassium bis(trimethylsi1yl)amide (HMDSK)l6) was used as a solid 
base, 2,4-diisopropyl-l,l,3,3-tetramethylcyclodisilazane (11) and 
N'-isopropyl-l,l-dimethyl-N,N-bis(trimethylsilyl)silanediamine (12) 
were formed in a 7: 3 molar ratio, accompanied by hexamethyldi- 
silazane. These compounds have been characterized by 'H NMR, 
GC, and HRMS. The data for cyclodisilazane 11 are consistent 
with those of an authentic sampleI2). It is likely that silanediamine 
12 resulted from a substitution reaction. Due to the fact that de- 
hydrochlorination occurred under high dilution conditions (lo-, 
hPa), the cyclodisilazane ring formation can be explained only by 
dimerization of the unstable silanimine 10 in the cold trap. 

M," H,N-iPr, NEt, . M," JMe 
A i - N  Me /Si 

Me CH,CI,, -40°C Me \ \ 

Y 

1 0  1 1  1 2  

The presence of the intermediate 10 was unambiguously con- 
firmed by direct analysis of the gaseous flow. In the recently de- 
scribed device14) the VGSR reactor is connected with the ion source 
of the mass spectrometer. In order to increase the selectivity of the 
reaction, potassium bis(methyldiphenylsilyl)amide 16) was used as a 
more hindered solid base of low nucleophilicity. Products resulting 
from the vaporization of chlorosilanamine 9 on this solid base were 
identified by real-time MS analysis. The mass spectrum obtained 
[CSHl3NSi calcd. 115.0817, found 115.082, fragmentations at mlz 
114,100 (- 'CH3), 72 (- 'CH(CH3)z] showed clearly the formation 
of the silanimine 10, the isomeric N-silylimine structure 5 being 
precluded by the absence of the characteristic ion at mlz 59. 
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Rh6ne-Poulenc for providing methyldiphenylsilyl chloride. 

Experimental 
Preparation of Silanamines 1,4, 6, 7: The corresponding second- 

ary amine (10 mmol), triethylamine (1.1 g, 11 mmol), and dichlo- 
romethane (10 ml) were placed in a thoroughly dried, nitrogen- 
flushed two-necked flask (allylphenyl- and allylcyclohexylamine 
were purchased from Aldrich, allylisopropyl- and isopropylpropar- 
gylamine were prepared according to ref.")). The mixture was 
cooled to -40°C and chlorodimethylsilane (1.2 g, 13 mmol) was 
added dropwise with stirring. After stirring at -40°C for 1 h, then 
at room temp. for 2 h, 10 ml of pentane was added. After filtration 

of triethylamine hydrochloride under nitrogen and evaporation of 
solvents under vacuum, another 30 ml of pentane was added to the 
residue and the mixture again filtered and concentrated. The crude 
silanamines thus obtained were distilled under vacuum and stored 
under nitrogen in a Schlenk tube. 

N-Ally/-1,l-dimethyl-N-phenylsilanamine (1): B.p. 105 OC/l5 hPa, 
yield 96%. - HRMS: Cl1H1,NSi calcd. 191.1130, found 191.113. 
- MS: mlz (%) = 191 (75), 190 (24.7), 176 (37.5), 174 (12.1), 164 
(66.2), 150 (28.5), 149 (14.5), 135 (22.9), 133 (24), 132 (17), 130 (13.5), 
120 (14.5), 106 (25.4), 104 (16.7), 93 (5.8), 86 (18.5), 77 (20.5), 66 (8.6), 
59 (loo), 51 (8.1), 45 (6.3), 43 (6.7), 39 (lo), 28 (8.3). - IR (film): 0 = 
3080 cm-I (=C-H), 2130 (Si-H), 1625 (C=C), 1235 (Si-C), 900 
(br., Si-N). - 'H NMR (CDCI3): 6 = 0.34 [d, J = 3 Hz, 6H, 
Si(CH3)2], 3.86-4.00 (m, 2H, CH2CH =CH2), 4.80 (sept, J = 3 Hz, 
lH,  HSi), 4.93-5.30 (m, 2H, CHzCH=CH2), 5.58-6.20 (m, l H ,  
CHzCH = CHI), 6.53 - 7.33 (m, 5 H, Ph). - ',C NMR (CDC1,): 6 = 
- 1.6 [2 C, Si(CH3)J, 50.3 (CH2CH = CHJ, 115.0 (CH2CH = CH2), 

149.3 (Ph). - 29Si NMR (CDCl3): 6 = -4.5. 

N-Allyl-N-isopropyl-1.1-dimethylsilanamine (4): B.p. 36"C/1 5 hPa, 
yield 56%. - HRMS: C8H19NSi calcd. 157.1287, found 157.129. - 
MS: m/z (%) = 157 (10.9), 142 (IOO), 133 (1.5), 130 (6.3), 100 (24.4), 
98 (7.9), 88 (5.3), 86 (13.4), 84 (6.5), 73 (64, 59 (58.4), 56 (3.9), 45 
(5.Q 43 (7.6), 41 (19.1), 39 (7.3), 28 (11.6), 27 (8.3). - IR (film): 5 = 
3070 cm (=C-H), 2120 (Si-H), 1630 (C=C), 1245 (Si-C), 895 
(br., Si-N). - 'H NMR (CDC13): 6 = 0.13 [d, J = 3 Hz, 6H,  
Si(CH3)z], 1.08 [d, J = 6 Hz, 6H, CH(CH3)2], 3.15 [sept, J = 6 Hz, 
1 H, CH(CH3)2], 3.28 - 3.40 (m, 2H, CH2CH =CH2), 4.47 (sept, J = 
3 Hz, IH, HSi), 4.83-5.27 (m, 2H, CH2CH=CH2), 5.50-6.13 (m, 
1 H, CHzCH=CH2). - I3C NMR (CDCI,): 6 = -0.6 [2 C, Si- 

[CH(CH3),], 113.6 (CHzCH = CHI), 141.1 (CH2CH = CHz). - 29Si 

N-Isopropyl-1,l-dimethyl-N-propargylsilanamine (6): B.p. 46 TI60 
hPa, yield 65%. - HRMS: C8H17NSi calcd. 155.1130, found 
155.113. - MS:m/z(%) = 155(2.4), 154(1.2),140(87.4), 100(35.6), 
98 (10.8), 86 (20.2), 83 (12.4), 82 (20.9), 73 (23.8), 59 (loo), 56 (13.5), 
45 (9.8), 43 (29.3), 41 (17.5), 39 (28.8), 28 (20.7), 27 (18). - IR (film): 
V = 3310 cm-' (=C-H), 2120 (Si-H and C=C), 1245 (Si-C), 
895 (br., Si-N). - 'H NMR (CDCI3): 6 = 0.20 [d, J = 3 Hz, 6H, 
Si(CH3)2]r 1.13 [d, J = 6 Hz, 6H, CH(CH,)J, 2.10 (t, J = 2.5 Hz, 
l H ,  C=CH), 3.23 [sept, J = 6 Hz, lH,  CH(CH,)J, 3.47 (d, J = 
2.5 Hz,2H,CH2C=C),4.42(sept,J = 3 Hz,lH,HSi). -"CNMR 
(CDCIJ: 6 = -1.1 [2 C, Si(CH3),], 22.7 [2 C, CH(CH&j, 33.5 

(CH2C E CH). - 29Si NMR (CDCI,): 6 = -4.7. 

N-Allyl-N-cyclohexyl-1.1-dirnethylsilanamine (7): B.p. 96"C/15 
hPa, yield 85%. - HRMS: C11Hz3NSi calcd. 197.1600, found 
197.160. - MS: rn/z (%) = 197 (16.8), 182 (6), 170 (3.1), 156 (14.3), 
154 (80.1), 141 (27.9), 140 (19.6), 139 (13.9), 128 (3.9), 126 (28.3), 112 
(23.1), 100(13.5),99(13),96(100),86(36.8),83(12),73(5.6),68(20.8), 
59 (84), 55 (21.3), 54 (15), 45 (4.4), 43 (10.2), 41 (64.1), 39 (29.1), 28 
(19.2), 27 (19.9). - IR (film): 5 = 3080 cm-' (=C-H), 2125 (Si-H), 
1640 (C=C), 1245 (Si-C), 900 (br., Si-N). - 'H NMR (CDCI,): 
6 = 0.13 [d, J = 3 Hz, 6H, Si(CH3)2], 0.9-1.9 (m, 10H, cyclohexyl 
CH2), 2.20-2.76 (m, lH,  cyclohexyl CH), 3.27-3.43 (m, 2H, 
CH2CH=CH2), 4.45 (sept, J = 3 Hz, lH ,  HSi), 4.76-5.25 (m, 2H, 
CH2CH=CHz), 5.46-6.16 (m, l H ,  CH2CH=CH2). - I3C NMR 
(CDCI,): 6 = -0.4 [2 C, si(CH3)2], 26.1 (cyclohexyl CH2), 26.7 (2 C, 
cyclohexyl CHz), 34.2 (2 C, cyclohexyl CH3, 48.7 (CH2CH=CHz), 
58.4 (cyclohexyl CH), 113.5 (CH2CH = CH2), 141.1 (CH2CH =CH2). 
- 29Si NMR (CDCI,): 6 = -10.1, 

117.4 (2 C, Ph), 118.7 (Ph), 128.8 (2 C, Ph), 136.5 (CHZCH=CH2), 

(CH3)2], 23.2 [2 c ,  CH(CH&], 47.8 (CHZCH =CHI), 49.1 

NMR (CDC13): 6 = -10.2, 

(CH~CECH), 49.4 [CH(CH&], 69.4 (CH~CECH), 85.8 
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1-Chloro-N-isopropyl-1.1-dimethylsilanamine (9): B.p. 52"C/60 
hPa, yield 85%. - HRMS C5H14CINSi calcd. 151.0584, found 
151.057. - M S  m/z (YO) = 138 (33), 136 (loo), 116 (30), 115 (9), 

3370 m-' (NH), 1260 (Si - C), 890 (br., Si -N), 650 (Si - C1). - 'H 
NMR (CDC13): 6 = 0.43 [s, 6H, Si(CH3)J, 1.11 [d, J = 7 Hz, 6H, 
CH(CH3)J, 1.37 (1 H, NH), 3.20 [sept, J = 7 Hz, 1 H, CH(CH3)J. 
- 29Si NMR (CDC13): 6 = 9.1. 

FVT of Silanamines 1, 4, 6, 7 Thermolysis was performed at 
900"C/10-4 hPa (oven dimensions: 1 = 10 cm, i.d. = 14 mm). The 
oven was coupled either to an IR cryostat, allowing direct recording 
of spectra under vacuum between - 196 and + 50°C, or to a high 
resolution mass spectrometer. Chemical trapping experiments yield- 
ing tert-butoxysilanamine 3 were performed by gas phase co-injec- 
tion of tert-butyl alcohol (1.5 equivalents) into the oven exit during 
the thermolysis of silanamine 1. 

1.1-Dimethyl-N-phenylsilanimine (2): HRMS CsHllNSi calcd. 
149.0661, found 149.067. - MS: m/z (%) = 149 (31.1), 148 (15.9), 
136 (12.2), 134 (17.2), 132 (12.6), 120 (3.4), 104 (8), 93 (12), 91 (loo), 
78 (7), 67 (24), 65 (12.6), 56 (8), 55 (9.2), 54 (16.7), 43 (6.7), 41 (67.7), 
39 (33.3), 28 (15.8), 27 (15.8); MS/MS of m/z 149: 148, 146, 134, 132, 
119, 105, 91, 37, 28. 

N-Zsopropylidene-1,i-dimethylsilanamine (5): HRMS: CSH13NSi 
calcd. 115.0817, found 115.082. - MS: m/z (YO) = 115 (7.3), 114 
(2.5), 102 (3.6), 100 (34), 86 (5.3), 84 (1.8), 73 (7.6), 59 (86.9), 57 (11.3), 
55 (3.6), 45 (Il), 43 (15), 42 (loo), 41 (97.1), 39 (50.3), 28 (30.7), 27 
(32.5); MS/MS of mlz 115: 114, 113, 112, 100, 28. 

N-Cyclohexylidene-i,i-dimethylsilanamine (8): HRMS: CeHI7NSi 
calcd. 155.1130, found 155.113. - MS: m/z (%) = 155 (9.3), 154 
(4.2), 141 (2). 140 (1.9), 126 (14.4), 112 (33.9, 100 (3.3), 99 (7.8), 97 
(9.9, 78 (5.1), 72 (7.8), 69 (11,4), 67 (10.9), 59 (27.8), 58 (11.5), 54 
(24.2), 43 (4.9), 42 (60.4), 41 (loo), 39 (63.4), 28 (30.6), 27 (32.2). 

Dehydrochlorination of Chlorosilanumine 9 on Potassium Bis(tri- 
methylsily1)amide (HMDSK): The VGSR reactor was filled in half- 
section with HMDSK (60 g, 0.3 mol), then heated and degassed at 
60°C during 5 h. Chlorosilanamine 9 was slowly vaporized on the 
surface of the solid base, products were trapped on a cold finger, 
and further analysis was carried out at room temp. ('H NMR, GC, 
MS). The mixture consisted of hexumethyldisilazane [csH16NSi2 
(M*' - CH3) calcd. 146.0821, found 146.082 (MS). - 'H NMR 
(CDCI,): 6 = 0.10 (SiCH,)], 2,4-diisopropyl-l,l,3.3-tetramethylcy- 
clodisilazane (11) {CIOHz6N2Si2 calcd. 230.1634, found 230.163 (MS). 
- 'H NMR (CDC13): 6 = 0.10 (s, 12H, SiCH3); 1.103 [d, J = 
6.3 Hz, 12H, CH(CH,)J, 3.21 [sept, J = 6.3 Hz, 2H, CH(CH&!}, 
and N'-isopropyl-l.l-dimethyl-N.N-bis(trimethylsilyl)silanediamine 
(12) {CllH32N2Si3 calcd. 276.1873, found 276.185 (MS). - 'H NMR 
(CDCI3): 6 = 0.10 (24H, SiCH3), 1.09 [d, J = 6.2 Hz, 6H, 
CH(CN3)2], 3.12 [sept, J = 6.2 Hz, 1 H, CH(CH3)J} Cyclodisila- 
zane 11 and silanediamine 12 were obtained in a 7: 3 molar ratio. 

Dehydrochlorination of 9, VGSRIMS Sequence: The VGSR re- 
actor, filled in half-setion with (Ph2MeSi)2NK (3 g, 6.8 mmol), was 

113 (14), 100 (26), 95 (19), 93 (53), 59 (ll), 44 (9). - IR (film): 0 = 

connected to the mass spectrometer and then heated at 60°C and 
degassed hPa) for 2 h. Products formed when chlorosilan- 
amine 9 was slowly vaporized on the surface of the solid base heated 
at 60°C. They were characterized by real-time MS analysis, the 
hydrogen chloride elimination being shown not to occur in the ion 
source of the mass spectrometer. 

N-Isopropyl-1,l-dimethylsilanimine (10): HRMS: C5H13NSi calcd. 
115.0817, found 115.082. - MS: m/z (%) = 115 (5), 114 (ll), 100 
(17), 73 (7), 72 (46), 71 (31), 58 (8), 52 (9), 51 (6), 50 (6), 44 (77), 43 
(18). 42 (loo), 41 (37), 40 (9), 39 (14). 
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CAS Registry Numbers 

1: 139976-64-0 1 2: 59239-77-9 / 3: 86936-22-3 / 4: 139976-65-1 / 
5: 139976-66-2 / 6: 139976-67-3 / 7: 139976-68-4 / 8: 139976-69-5 / 
9: 6026-03-5 1 10: 139976-70-8 / 11: 98689-74-8 / 12: 139976-71-9 / 
HMDSK: 40949-94-8 / PhNHCHlCH =CH2: 589-09-3 / 
iPrNHCH2CH = CH2: 35000-22-7 / iPrNHCH2C = CH : 6943-48-2 / 
(PhZMeSi)*NK: 139976-72-0 / allylcyclohexylamine: 6628-00-8 
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