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Summary 

Dilithium 1,2-bis(trimethylsilyl)hydrazine (1) reacts with Ccl,, Me,SiCCl, and 
CBr, to form predominantly bis(trimethylsilyl)aminocarbonimidic dichloride, bis(tri- 
methylsilyl)aminoisocyanide and bis(trimethylsilyl)diazene, whereas similar reactions 
with HCCl,, HCI,, H&Cl,, H&I,, C*H,Cl, or C*H,Cl, lead to increasing 
amounts of bis(trimethylsilyl)hydrazine. In addition to the hydrazone, 
(Me,Si),N-N=CH(Cl), the reaction of 1 with CHCl, forms a small amount of 
triazasilacyclopentane, (Me,Si),N-N=CN(NHSiMe,)SiMe,NHNSiMe,. In con- 
trast, Me,SnCl, reacts with 1 to give tetraazadistannacyclohexane [Me,Sn(NSi- 
Me,) 2] *, whereas SnCl,, SnCl, and PbCl, act mainly as oxidants and Me,SiCl, 
forms polymers. Another product of the reaction of 1 with SnCl, or PbCl, is 
LiN(SiMe,), originating perhaps from LiNH(SiMe,) or [LiNN(SiMe,),],. 

Introduction 

Besides the synthesis and thermal stability of a variety of silylated alkalimetal 
tetrazenines [l] and diazanides [2,3], some reactions of lithium tris(trimethylsilyl)hy- 
drazide [4] and tris(trimethylgermyl)hydrazine [5] have been reported. As part of our 
study on silyl-nitrogen compounds [6], we report here the reactions of Group IV 
halides with dilithium 1,2_bis(trimethylsilyl)hydrazine, Li *N2 (SiMe,) 2, undertaken 
with the aim of synthesizing nonmetallic hydrazines, hydrazones and redox reaction 
products. 

Results and discussion 

An isomeric mixture of bis(trimethylsilyl)hydrazine provides dilithium 1,2-bis(tri- 
methylsilyl)hydrazine (l), [2]. An important feature of its reaction with Ccl, or 
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anionic rearrangement [9] icy. 1 ). Besides a 75? ~ieltl of his(trimeth\lsil> l)amino- 
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carbonimidic dichloride (?rle,Si),N--N=CCI, (2) [7]. the reaction mixture aiso 
zontained small amount\ of bis(trimeth~lsil~l)amine. (hle,Si),KH (BS.4). ‘end 
tris(trimethylsilyl)hydrazine. (Me,Si),N,H (TrSH), which are attributed to the free 

radical decomposition of the intermediate bis(trimcthqlsil!~l)di~~%t’~i~. ?vZe,SiN=m 
NSiMe, (BSD). [X] originating from a redox side reaction of 1 v ith Ccl, (cf. q. 2 1. 

1 -+ CBr, + Me,SiN=NSiMe, t LiEr -C LiCBr, i’li 

Pure BSD could not be iscllated by this method hecausc it reacted further p\jth 
(Me\Si),N N-CBr, (detected in the earl? xtages but disappeared due to subqueat 
reactions). Me,SiCBr, (formed from l_iCBr, + *Me,SiBr) and (‘HI-~, to ft)r-m 
(Me,Si)?N -N-C‘. Me,SiBr and N,, in each step [4]. The reaction products ‘11 rcwm 

temperature indicate almo,st 30’% BSD thermolysis (BSA. TrSH and tctra~ilvlh~dr;~- 
zinc. TSH) Lvith the remainder undergoing the abo\~ rcactic>na. 
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Another product of the reaction of 1 and HCCI, is a white crystalline solid 
C,,H,,N,Si, which appears to be either, 1-trimethylsilyl-3-dimethyl-4-silylamino-5- 
exo-[ N, N-bis(trimethylsilyl)hydrazido]-l,2,4-triaza-3-silacyclopentane (Sa) or 1,5- 
bis(trimethylsilyl)-3-dimethyl-6-exo-[N, N-bis(trimethylsilyl)hydrazido]-1,2,4,5-tetra- 
aza-3-silacyclohexane (Sb). 
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The mass spectrum of 5 shows the molecular ion with a relatively higher intensity 
(22%, 70 eV) at m/e 448, and the observed isotopic patttern (Fig. 1) agrees with that 
calculated for C,,H,,N,Si, (see Experimental). Besides prominent fragments at 433 
(M - Me)+, 346 (M - NNHSiMe,)+ and 274 [M .- NN(SiMe,)2+] valuable meta- 
stable transitions for establishing fragmentation pathways have also been observed. 

In*=419 

448 - 433 
calcd. 418.5 

m’ = 267 

448 - 346 
calcd. 267.2 

m’=167 

448 - 274 
calcd. 167.6 

Fragmentation patterns and modes of decomposition, however, fail to distinguish 
between structures 5a and 5b. 

The ‘H NMR spectra of 5 in benzene, Et :O and Ccl, are similar and consist of 
five signals with an integrated ratio of 18/18/6/1/l. The ‘H NMR spectrum in 
C,H, shows the highest field signal at 6 0.130 ppm in line with the expectation for 
(Me,Si)2N and a signal at 0.330 ppm due to Me,Si protons. A singlet at 6 0.286 
ppm for the remaining Me,SiN protons supports structure Sb because two separate 
signals could have been expected for Me,SiN and Me,SiNH protons in Sa. On the 
other hand, the differently placed NH protons with singlets at 4.1 and 6.4 ppm 
favour 5a. This is also supported by the IR spectrum with two separate bands at 
3410 and 3365 cm-’ for v(NH). In view of the above observations, structure Sa is 
more likely. 

Compound 5 undergoes easy stannylation with Me,SnNEt Z to form C,,H,,- 
N,Si,Sn, with a probable structure of, 1-trimethylsilyl-2-trimethylstannyl-3-dime- 
thyl-4-trimethylsilyltrimethylstannylamine-5-e~~-[N. N-bis(trimethylsilyl)hydrazido]- 

1,2,4-triaza-3_silacyclopentane, (Me,Si),N-N=CN(NSiMe,SnMe,)SiMez-NSn- 
WSiMe,. Its ‘H NMR spectrum in benzene shows the absence of NH protons. 



Fig. 1. Ohserved isotopic pattern of molecular ion in CI,H,N,Si, 

The spectrum shows singlets at 0.124, 0.274, 0.300 and 0.34 ppm with the relative 

ratio at 3/3/3/l. The signal at 0.300 ppm is assigned to stannyl protons. 
The reaction of 1 with iodoform is slower but similar to that uith CHCl.~ except 

that it shows the formation of a small amount of (MelSi),N --G-C which ma?; 
involve the intermediate formation of (Me,Si),N-N==C(H)t. Dii~~~~~~rnethane reacts 
with 1 to give a 40% yield of ,I;‘. ~~~-his(trimeth~Isilyl~forx~~glh~drazone (Me,- 
Si),N-N=CH2 [4b], whereas. CH,Ci, behaves differently forminp RSH. BSD and 

LiN(SiMe,),. 
1.2-Dichloroethane and 1,1,2,2-tetrachloroethane react with I to give high yields 

(70 and lOO%, respectively) of BSH. The reactions are very fast and appear to occur 

by a free radical mechanism. 
The reaction of dichIorodimeth~~stannane with 1 generates a set of two products 

80 
j 

j4i 
- 
5 

Fig. 2. Observed isotopic pattern ctf molecular ion in C,,H,,N,SiJSn, 
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(eq. 4). The white crystalline compound C,,H,,N,Si,Sn, (6) has two possible 

“‘f [ Me,Sn(NSiMe,),] 2 

1 + Me,SnCl, 

X 

(6) 

20’(Me,SnC1)Me,SiN-NSiMe, (Me,SnCl) 

(7) 

(4) 

configurations: 1,2,4,5-tetrakis(trimethylsilyl)-3,3,6,6-tetramethyl-l,2,4,5-tetraaza- 
3,6-distannacyclohexane (6a) or 1,3-bis[bis(trimethylsilyl)amino]-2,2,4,4-tetramethyl- 
1,3-diaza-2,4-distannacyclobutane (6b). 

SiMe, 

Me\S”/Me 
/ 

Me3Si- N 

\ 
Me 

Me3Si-N’ ‘N-SiMe, N-Sn 

I I 

Me’ ‘Me 

Me\ I I 
‘Me 

Me’ 
Sn-N 

\ 
N-SiMe, 

/ 

(60) 
Me,Si 

(6b) 

Simple elimination of LiCl followed by an anionic rearrangement [9] leading to 
(Me,Si),N-N(Me,SnCl)Li can cause further intramolecular loss of LiCl to form a 
transitory stannimine [(Me,Si),N-N=SnMe,], which dimerises immediately to give 
6b. On the other hand, intermolecular loss of LiCl will give rise to 6a. 

Mass spectral analysis of 6 shows a molecular ion peak at m/e 646 and the 
isotopic pattern (Fig. 2) agrees almost quantitatively with that calculated for 
C,,H,,N,Si,Sn, (see Experimental). In contrast to tetraazadisilacyclohexanes [lo], 
the loss of silylnitrene Me,Si-N: from the molecular ion is not observed in 6. The 
first prominent fragment at 472 (M- Me,SiN=NSiMe,)+ supported by the ap- 
propriate metastable ion at m * = 345 is the loss of the neutral molecule BSD: 

Me,Si SiMe3 

I I 
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Me,Si SiMe, 

+ 

calcd. 344.9 

- (Me,SiN= NSiMe3) 

m/e 472 = m’ 

mle 646 





ported in the literature. Diethyl ether and tetrahydr~furan were dried over sodium 
benzophenoneketyl and the hydrocarbons were kept over sodium wire. Carbon 
halides and hydrohalides were rigorously dried. ‘H NMR spectra were recorded on a 
Varian EM-390 apparatus, IR spectra on a Perkin-Elmer 621 spectrometer and the 
mass spectrum on a Varian MAT CH7. 

‘H NMR of Me,Si protons, 6 (ppm) in benzene (Et,O): (Me,Si),N,Hz, 0.117 
~0.066)~ (Me~Si)HN-N~(SiMe~), 0.041 (0.000); (Me~Si)~N-N{SiMe~)~, 0.225 
(0.205); (Me,Si),N-NH(SiMe,), 0.133 and 0.108 doublet 2/l (0.095); (Me,Si),NH, 
0.087 (0.050); LiN(SiMe,),, 0.128 (0.047); Me,SiN=NSiMe,, 0.260 (0.200); 
(Me,Si),N, 0.047 (0.215); Me,SiCl, 0.208 (0.400); Me,SiBr, 0.334 (0.550); Me,SnCl,, 

0.400 (0.520); Me,SiCCI,. 0.144 (0.360); Me,SiCHCl, (CCL,), 0.27 11.51; 
Me,SiCH,CI(CCl,), 0.14 [15]; (Me,Si),N-N=CCI,, 0.135 (0.160); (Me,Si), 
N-N=CBr,, 0.140 (0.167); Me,SiCBr,, 0.193 (0.400); (Me,Si),N-NrC, 0.070 
(0.255). 

General procedure 

Dilithium bis(trimethylsilyl)hydr~ine (I) (40 mmol, 7.520 g) was suspended 
(dissolved) in 40-50 ml of Et,0 (THF) and cooled to -40 (to - 78’C). The 
required amounts of carbon halides (80 mmol or as stated) and of silicon, tin or lead 
halides (40 mmol or as stated) were added dropwise (or in small quantities) and the 
reaction mixture was allowed to warm slowly to room temperature with stirring. It 
was filtered to isolate LiX (X = Cl, Br or I). The ‘H NMR spectrum of a part of the 
filtrate was studied. The main filtrate was carefully evacuated to remove the solvents 
(up to 60 Torr/room temperature) and then fractionated (sublimed) to isolate 
various products. These products were refractionated in an appropriate column or 
resublimed to isolate pure fractions which were characterised mostly by ‘H NMR (in 
the case of known compounds) and other methods which are indicated in each case. 
The yield of pure products, obtained in significant amounts, is based on the amount 
isolated, whereas that of unseparable mixtures or very small amounts of compounds 
is calculated from ‘H NMR integrated ratios after adding a known amount of 
cyclohexane or toluene. 

Reaction with Ccl, 

The reaction of 1 with Ccl, in ether occurring at about - 50°C gave a white solid 
LiCl (77 mmol) and a light greenish yellow solution changing to yellow at room 
temperature. Its fractional distillation provided ~is(trimethylsilyl)hydr~~ne, (BSH) 
(2 mmol) at 55”C/lO Torr; (Me,Si),NH (BSA) (4 mmol) at 5O”C/60 Torr and 
(Me,Si),NNH(SiMe,), (TrSH) (1 mmol) and (Me,Si),N-N=CCl, (30 mmol) to- 
gether at 7%8O”C/lO Torr. (Me,Si),N-N=CC12 was purified by redistillation or 
~rystallisation from n-pentane and characterised [4,7]. 

Reaction with Me,SiCCl, 
An equimolar reaction with 1 in Et 2O at -78°C was slow and provided an 

almost quantitative yield of LiCI. The colourless filtrate was fractionated. The ‘H 
NMR spectrum of the fractions at 55-6O”C/740 Torr and 95-lOO”C/740 Torr in 
Ccl, indicate the presence of Me,SiCl (17 mmol) and Me,SiCH,Cl (4 mmol), 
respectively. The ‘H NMR spectrum of the fraction at 50.-6O”C/50-10 Torr in 
Et,O, Ccl, and benzene indicated a mixture consisting of BSA (2 mmol), BSH (4 



mmol). Me,SiCHCl> (6 mmol) and Me,SiCCl, (1 mmol). A fraction at ?O-- 50°C iO.1 
Torr consisted of (Me,Si),N-NX and TrSH (‘H NMR) from Mhich the former (20 

mmol) was distilled out at ?J~~C’,/O.I Torr [4]. 

Reaction vtirh CBr, 

The green coloured reacnon mixture in Et ,O at - 78°C sho\+ed the formation of 
BSD which could not be sublimed out in pure form at -- .WC~ 10 ’ Tori-. The 
mixture at room temperature ga\e LiBr (70 mmol). An immediate ‘I3 NMR stud\, of 
the filtrate in Et,0 (benzene) showed (besides others) signals due to Mr,SiC’Br, at B 
(ppm) 0.400 (0.193) 141: (Me,Si),NN=CBr,, at 0.167 (0.140) j4j and Me?Sil=NSiMe~ 
at 0.200 (0.260) which soon disappear. Fractional distillation provided Me,SiBr (76 
mmol) at 8O”C/740 Torr: BSH (4 mmol) and BSA (6 mmolj ,it the tcmp~ratures 
indicated above and TrSH (2 mmol). (Me;Sij.,NZ (.f’SI-1, ((I.5 mmr~l) and 
(Me?Si),N-N=C (12 mmol) tcbgether at !O- h(l°C,/O.l Torr from \vhich the lattcl 
was isolated at 35”C/O.l Torr [4]. 

Reaction Mfth CHCli 
Chloroform reacted with I in Et,0 at -40°C. The filtrate. after separation of 

LiCl (72 mmol). was fractionated to isolate BSH (24 mmolj and BSA (6 mmol) at 
the temperatures given abobe and C‘iH,,CIN2Si, (4) 1.5 mmoi) at XO”C~.,, 6 Torr. 
Found: C. 36.95; H, 8.32: N, 12.21: Cl. 14.85. C-H,,CIN,Sil caicd.: C. 37.75: H. 
X.54: N. 12.58: Cl. 15.95Y,. Important IR bands (thin film. c:m I): 1575~ (PI(.‘-Njj. 
990s (v(N--N)). 945s (v,,(Si_.U)). 

‘H NMR(CC1,): 6 (ppm) 0.160 (s. 18H, Me,%) and 7.10 (s. 7H. CH). (Et-O) 8 
(ppm) 0.156 (s. 18H, Me,%) and 7.10 (s. lH, CH). After distillation o~j the 
silylhydrazone 4. the residue uas heated to 80-12O”C,/lU ’ Tot-r to give \\hite 
crystals in a yellowish liquid which were cooled in a glass boat to - 78°C. The 
product was recrystallised twice from n-hexane at low temperatures forming ivhite 
crystals which were sublimed at 7O”C,‘lO ’ Torr and analysed as C !;H,,N,Si, (5). 
Found: C. 39.86: H, 9.63: N. 18.81; CIjH,,N,Si; calcd.: C , 40.16: H. 9.82: N. 
18.75%. Important IR bands (Nujol mull. cm -I): 341Om, 3365m (v(NH)). 1600s 

(v(C=Nj), 1090sh. 1050s (v( N-N)). 95Osb ( v.%,(SiZN)). 
‘H NMR(CCl,, Et:O, C,,H,, C,,D,,): S (ppm) 0.058. 0.106. 0.130. 0.127 (5. IXH. 

(Me,Si)zN): 0.137. 0.160. 0.286. (1.315 (s, 1RH. 2Me,SiN!: 0.193. O.W?. 0.330. 0.355 
(s, 6H. Me,Si); 3.83. mm* 4.1. 4.1 (3. 1H. NH); 6.17. 6.13. 6.4. 64 (s, IH. NH). 

Mass spectrum (70. 15eV). m/f> (assignment: relative Intensity 70. 15 rV. ‘IG): 44X 
(J4-; 22. 100). 447 (,M’-- H: 1.5, 0). 433 (jcl +-- Me; 5. 4). 346 (.tf’ -- Mr,SiN,H: 
11. 8). 274 (M’-- Me,SiNNSiMe,; 24, ll), 273 (M ~ 175; 2, 1). 332 (.Lf - 116: 6. 
lo), 231 (M’- 217; 2. 3). 190 (.W’ - 258; 18. 5’7). 189 (IZ;l~?SiNNI-I[SiMe,NNH~: 6. 
15). 175 (Me,SiNHNSiMe,NH +; 65. 40). 98 (HNSiMe:, : 77. 41 i. Q7 (NSiMe? ‘: 37. 
10). 73 (Me,Si -: 100. 1). Metastahle fragments at 419. 267 and 16’ ha\e been 
observed both at 70 and 15 eV. 
C,YH,,Si,N,,: Isotopic pattern (calcd.): 

Mass 448 449 450 451 452 453 454 455 
i,i,:lY = 100 100.000 45.142 26.197 7.888 2.458 I).531 (!.1018 0.012 

C,,H,,N,Si, (1 mmol) was dissolved in benzene ( 2 ml) and treated with Me,Sn- 
NEtz (4 mmol) at room temperature. After 6 h stirring the reaction misturc \&;~s 
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evacuated to remove Et 2NH, Me,SnNEt 2 and benzene. Vacuum sublimation led to 
decomposition, therefore, the residue was crystallised from n-hexane to get 
C,,H,,N,Si,Sn,. Found: C, 30.50; H, ‘7.60; N, 10,23. C,,H,,N,Si,Sn, calcd.: C, 
32.58; H, 7.74; N, 10.86%. 

‘H NMR (benzene): S (ppm) 0.124 (s, 18H, (Me~Si)~N)~ 0.274 (s, 18x-I, 2Me,SiN), 
0.340 (s, 6H, Me,Si) and 0.300 (s, 18H, 2Me,Sn) with J(‘H-“‘Sn) and J(‘H-“9Sn) 
satellites at 52.4 and 55.0 Hz. 

Reaction with CHI, 
Equimolar amounts of 1 with CHI, in Et 2O or THE; at room temperature (48 h) 

gave only 50% yield (40 mmol) of LiI. A dark yellow filtrate provided BSH (10 
mmol), BSA (4 mmol) and (Me,Si),N-N=C (3 mmol) at temperatures already 
mentioned and CHI, crystals (15 mmol) subliming at 50-6O”C/l Torr. 

Reaction with CH,Cl, 
CH,Cl, reacted with 1 in Et 2O or THF at - 30 to -40°C to form LiCl (65 

mmol) in a mustard yellow solution which provided BSH (17 mmol), BSA (12 
mmol), TrSH (4 mmol) and a small amount of TSH at temperatures already 
mentioned. A white sublimate obtained at 100-120”C/10-3 Torr (resublimable at 
70-80°C/10-3 Torr) was characterised as discussed later for the reaction with 
PbCl,. 

Reaction with CH,l, 
The reaction in Et,0 was slow at -40°C and led to LiI (70 mmol). The yellow 

filtrate was distilled to get BSH (3 mmol) and BSA (15 mmol) as mentioned above 
and a mixture of (Me,Si),N-N=CH, {4] (1.5 mmol) and CH,I, together at 
60-7O”C/lO Torr. The mixture consisted of two layers with the upper layer 
containing mainly (Me~Si)~N-N=~H~ and the lower layer predo~nantly CH,I,. 
In order to obtain pure (Me,Si),N-N=CH,, equimolar amounts of reactants are 
recommended. “H NMR of (Me,Si),N-N=CH, (CCI,): 6 (ppm) 0.177 (s, 18H, 
2Me,Si); 6.56 (d, J(H-H) 12.0 Hz, lH, CH); 7.0 (d, J(H-H) 12.0 Hz, lH, CH) [4]. 

Reaction with C, H4CIz 
This reaction in Et,0 at - 4O’C gave a low yield of LiCl (60 mmol) and the 

filtrate gave BSH (28 mmol), BSA (8 mmol) and TrSH (I mmol) at the temperatures 
given above. 

Reaction with C, H2C14 
The reaction of 1 with C,H,Cl, in Et,0 at -40°C gave almost a quantitative 

yield of BSH (36 mmol) with trace amounts of BSA and TrSH. The yield of LX1 
was 96% (76.8 mmol). 

Reaction with Me,SnCl, 
Equivalent amounts (20 mmol) of 1 in 40 ml Et,0 and Me,SnCl, in 30 ml Et,0 

were taken in separate flasks of a V unit. The flasks were cooled to liquid nitrogen 
temperature and then evacuated to 10e3 Torr. The main stop cock was closed and 
the two were reacted in vacua at -78°C and then allowed to come to room 
temperature and stirred for a further one hour. The mixture was toeplered and no N, 
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2.5 

Torr as a colourless, viscous liquid soluble in benzene, Et10 or Ccl,. It contained a 
very large number of silyl proton signals between 0 to 0.3 ppm. 

Reaction with SnCI, 
A l/2 ratio of 1 with SnCI, in Et,0 was stirred for 48 h at room temperature to 

give 2.5 g of LiCl (calcd., 3.4 g) contaminated with tin and SnCl,. The filtrate gave 
BSH (10 mmol), BSA (9 mmol) and TrSH (4.2 mmol) at the temperatures given 
above and a small amount of white sublimate at 80-100”C/10~’ Torr consisting of 
LiN(SiMe,), and (Me,Si),N,. 

Reaction with PbC12 
An equimolar reaction of 1 with PbC12, as above, gave an insoluble mixture of 

LiCl and greyish black Pb. The filtrate was fractionated to get BSH (1 mmol), BSA 

(2 mmol) and TrSH (2 mmol) as above and TSH (trace amounts) and LiN(SiMe,), 
subliming together at 80”C/10-3 Torr. The latter was purified by re~rystailisation 
from n-hexane (12 mmol). Its ‘H NMR (Et,O, benzene, Ccl,) showed singlets at S 
0.047, 0.128, and 0.043 ppm, respectively. The ‘H NMR spectrum in THF showed 
the main signal at -0.113 and a small signal at 0.030 ppm. The compound on 
treatment with Me,SiCl formed (Me,Si),N and a small amount of (Me,Si),NH to 
indicate that the white sublimate is primarily LiN(SiMe,), with some impurity of 
LiN(H)(SiMe~). 

We thank Dr. Gerd Fischer, Institiit fir Anorganische Chemie der UniversitBt. 
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