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Abstract. The treatment of several branched methylchlo-
rooligosilanes (Sig4, Sis) with diethylamine leads to a partial or
complete substitution of the chloro substituents for diethyl-
amino groups under formation of the first known (diethyl-
amino)-methylchlorooligosilanes containing more than two Si
atoms. The condensation of (Et,N),MeSi-SiMeCI{NEt,) (1d)

with Li in THF yields the linear tetrasilane (Et,N),MeSi~
SiMe(NEt,) —SiMe(NEt,)-SiMe(Et;N), (2a).

The NMR investigations provided information of the ge-
neral shift ranges of several Si units in (diethylamino)-
methylchlorooligosilane systems as well as the number of
stereoisomers of the prepared products.

Any oligosilanes containing simultaneously chlorine,
diethylamino and methyl substituents are not known until
now. The stepwise reaction of diethylamine with meth-
ylchlorooligosilanes offers the possibility to obtain (di-
ethylamino)-methylchlorooligosilanes. We have already
reported this route for the substitution of SiCl,Me-
SiChLMe [1]:

Me  Me omng, Mg Me
CI=$i=§j=Cl ———»Cl=Si=§j=Cl  1b

ad o BNECG o NE

1a (D)
Me M M M

2HNE, N\ /  2HNE, © ¢

—> Cl-si—si—Q ———> Q-Si-S{-NEL
HNELCL b g BNEWCL Np

1c 1d

Because the diethylaminogroup can act as protecting
group, the aminochlorosilanes are interesting synthons
for the preparation of higher oligomers, for instance via
reductive cross coupling with lithium [1-3] as well as
via salt elimination reactions [4]:
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(Et,N),MeSi-SiMe(Et,N)(CH=CH,)

A reconversion of the remaining dialkylaminogroups
at the formed aminosilanes into chloro substituents is
easily possible by treatment with HCI [4].

Some examples of mixed substituted tetra- and pen-
tasilanes will be reported in this paper.

Because only few mono- and disilanes bearing Et;N
and chloro functions are known, this work should also
give a new insight in 2°Si NMR shift ranges of diethyl-
aminosubstituted oligosilanes. The found results could
be helpful for the assignment of Si-sites in polymers
and Si~C-N ceramics.
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Results and Discussion

The new branched diethylaminochloromethyltetra- and
pentasilanes were synthesized by the reaction of the
corresponding chlorosilanes with diethylamine (equa-
tions 4 -7, scheme 1):
— n HNELCI

SiMe[SiMeClyls + 2 (n+m) EtuNH —— ————» )

SiMe[SiMeCly 5. [SiMeCI(EtN)],[SiMe(EtoN) ]y,

m=0, n=1~-3/m =1, n=2

—n H,NEtCI (5)
SiMe[SiMe,Clly + 2 n Et,NH =~ ——————

MeSi[SiMeCI(Et,N)],[SiMe,Cll 5.y n=1-3

- 1 HNE,C! 6
Si[SiMe,Cl], + 2 n Et,NH —_— (6)

SI[SlMeg(Eth)]n[SIMegcl](4_n) n=1-4

~ 1 HNEL,Cl Q)
Si[SiMes][SiMe,Clls + 2 n Et;NH —————»

Si[SiMe;][SiMe,(Et,N)][SiMe,Cll ) n=1-3

The tetrasilane 2a which contains the silicon atoms
bonded in a chain results by condensation of Me(Et,N),
Si—Si(Et,N)MeCl with lithium. In contrast to the ob-
servations by K. Tamao et al. [2] this reaction yields
the desired tetrasilane in high yields (scheme 2).

The treatment of the aminosubstituted tetrasilane 2a
with HCl in dried CCl, leads to the chlorosubstituted
tetrasilane 2b. The hydrogenation of 2b with excess
Me;SnH according to [6] gives the previously described
hydrogen substituted derivative [7] 2g (see scheme 2).
As found from the hydrogenation of SiMeCl (SiMe,Cl),
and SiMeCl(SiMeCl,), [6] chlorine substituents bond-
ed to the central silicon atoms are favoured in hydro-
genation by stannanes. The tetrasilanes, containing di-
ethylamino and chloro substituents simultaneously, are
obtained by equilibration of [(Et,N),MeSi—SiMe
(NEt,)-], with trichloromethylsilane in various molar
ratios (scheme 2).

The interpretation of the 2°Si NMR data, given in
tables 1-2, demonstrates that an exchange of chlorine
for diethylamino substituents causes a downfield shift
for silyl groups involving at least one electron with-
drawing substituent (-SiMeCl,, -SiMe,Cl, -SiMe
(NEt,),, -SiMeCI(NEt,)) and an upfield shift for -SiMes,
=SiMe as well as quaternary silicon atoms.

Isotetrasilanes SiMe(SiMeCl,); .4 m(SiMeCI(Et,N),),
(SiMe(Et,N),),,, form either diastereomers or diaste-
reotopic silyl groups or may have both ones. The possi-
ble stereochemical arrangements of the isotetrasilanes
are illustrated in scheme 1. Every expected splitting of
signals due to diasteromeres and diastereotopic silyl
groups has been observed in the 2°Si NMR spectra ex-
cept in the case of the tertiary unit of the threefold ami-

stereochemical possibilities
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Scheme 2

nosubstituted isotetrasilane. The differences between the
2Si NMR signals vary from 0.1 up to 1.2 ppm. The
differences between the 2Si NMR shifts of the diaste-
reotopic branched silicon structures are lower in com-
parison with disilanes. The stereoisomers of 1.2-dichlo-
ro-1.2-bis-(diethylamino)-dimethyldisilane for instance
distinguish from each other by 2.05 ppm [1]. If the di-
ethylamino groups in this disilane are exchanged for
diisopropylamine the difference increases even up to
2.5 ppm.

The general shift ranges of the investigated silicon
units are summarized in scheme 3.
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Experimental

All 29Si NMR spectra were recorded on a Bruker MSL. 300
using the IGATED pulse sequence with TMS or Si;Meg (Js;

—19.68 ppm, used if signals near 0 ppm were expected) as
internal standard.

MS spectra were recorded on a HEWLETT PACKARD
5971 (ionization energy: 70 eV, column: 30 m x Q.25 mm x
0.25 um, phenylmethylpolysiloxane). All isotopic patterns are
in agreement with the expected number of chlorine atoms in
the fragments.

Preparation of Methylchlorooligosilanes

Tris-(chlorodimethylsilyl)-methylsilane (3a)

To a solution of 11 g (0.04 mol) SiMe(SiMe;); in 30 ml hexane
21.5 g (0.16 mol AICI53) and 12.5 g (0.16 mol) acetyl chloride
were added under stirring. After reacting for three hours at
room temperature the upper layer was isolated. The frac-
tionated distillation gave 8 g (62% yield) pure SiMe(SiCIMe,),
(b.p. 110-120 °C/0.7 kPa, solidifies at ambient temperature).
GC/MS (m/e, rel. Int.): 324 (M*, 0.5), 309 (SizMesCls, 2),
287 (SiyMe,Cl,, 6), 229 (Si;MesCl,, 78), 209 (Si;MeCl, 12),
194 (Si;MesCl, 39), 151 (Si,Me,Cl, 26), 131 (Si,Mes, 58},
116 (Si;Mey, 26), 93 (SiMe,Cl, 26), 73 (SiMes, 100). —-NMR:
1Jgisi 71 Hz; 'H NMR: &/ppm = 0.24 (3 H), 0.55 (18 H), &;:
see table 1

Tris-(dichloromethylsilyl)-methylsilane (4a)

900 g (4 mol) SiCl,Me-SiCl,Me were LEws base catalyzed
disproportionated with a fixed catalyst as described in [8].
The formed mixture of oligomers could be fractionated to give
beside other oligomers 45 g (0.12 mol) SiMe(SiCl,Me)s, b.p.
120 °C/0.8 kPa (solidifies at room temperatures), 9% yield: —
GC/MS (m/e, rel. Int.): 384 (M+, 0.4), 369 (SiyMe;Clg, 1),
349 (SizMeyCls, 5), 271 (SizMesCly, 100), 251 (SizMe Cl,,
2), 236 (SizMe;Cls, 11), 193 (SiMe,Cls, 2), 171 (Si;MeyCl,,



640

3. prakt. Chem. 339 (1997)

Tab. 1 2Si NMR data of the investigated tetrasilanes, §/ppm

compound Sia SiB Si¢ SiP
SiAMe(SiBMe,Cl); (3a) 763 27.0
SiAMe(SiBMeZCI)Z(SiCMez(NEtz)) (3b) -82.4 28.6 1.0
SiAMe(SBMe,C1)(SiCMe,(NEL,)), (3¢) -87.0 30.7 2.1
SiAMe(SiCMe,(NEL,)); (3d) 91.1 33
Si*Me(SiPMeCl,); (4a) {5] -63.4 31.0
SiAMe(SiBMeCl,),(Si“MeCI(NEt,)) (4b) -66.35 33.73/33.63 7.35
SiAMe(SiBMeCl,)(SiMeCI(NEL)), (4¢) 2) -70.52/ 36.56/36.40/ 10.42/10.33/

-70.77/~70.93 36.20 10.02/9.84
SiAMe(Si“MeCI(NEt,)); (4d) 2) -76.46 13.38/13.24/13.04
SiAMe(SiBMe(NEt2)2)(SiCMeCI (NEw)), (4e) ¥ —80.45/-81.23/ -1.80/-1.98/ 16.06/15.87/15.77/

—-81.62 -2.24 15.15
[Me(NEt,),SiB-Si°Me(NEL)], (2a) %) -16.0/-15.7 —7.3/-6.4
[Me(NEL,)CISiB-SiCMe(NEt,)], (2¢) ) 3.5/4.2 ~8.1/-7.7
[Me(NEt,)CiSiB-Si“MeCl], (2d) 2.4 0.2
[MeCLSiA-SiBMeCl], (2b) 24.8 0.5
[MeCl1,SiA-SiBMeH], (2¢) ) 34.7 ~-64.3/—-65.4
MeH,SiA-SiBMeH-Si“MeH-Si’MeCl, (2f) ?) —64.3/-64.5 -73.9/-74.6 -63.0/-63.7 36.0
[MeH,SiA-SBMeH], (2g) %) —64.6 ~72.6/~73.1

) diastereomers

57), 156 (Si,Me,Cl,, 12), 151 (Si,Me,Cl, 5), 136 (Si;Me,Cl,
15), 113 (SiMeCl,, 28), 93 (SiMe,(Cl, 55), 78 (SiMeCl, 5), 73
(SiMes, 66). —-NMR: ! Jg;5; 86 Hz; 'H NMR: &/ppm = 0.46 (3
H), 0.90 (9 H), &;: see table 1.

Tetrakis-(chlorodimethylsilyl)-silan (8a) and Tris-(chlo-
rodimethylsilyl)-trimethylsilylsilane (6a)

In the same way as described for SiMe(SiClMe,);, the reaction
of 3.7 g (0.014 mo!) Si(SiMe3), with 7.7 g (0.058 mol) AlCl,
and 4.5 g (0.057 mol) acetyl chloride gave 3.6 g of a crystalline
residue of 75% Si(SiClMe,), (5a) and 25% Si(SiCiMe,),
(SiMe,) (6a) after removal of hexane under reduced pressure.
5a: GC/MS (m/e, rel. Int.): 402 (M*, 0.3), 387 (SisMe,Cly, 5),
367 (SisMegCls, 7), 309 (SiuMegCls, 31), 272 (SigMegCl,,
100), 229 (SizMe;Cl,, 14), 209 (SizMegCl, 55), 174 (SisMeg,
54), 131 (Si,Mes, 35), 116 (SixMey, 27), 93 (SiMe,Cl, 38),
73 (SiMe;, 74). ~-NMR: 1g;s; 63 Hz; 'H NMR: 8/ppm = 0.62,
Oq;: see table 2.

6a: GC/MS (m/e, rel. Int.): 382 (M+,0.1), 367 (SisMegCls, 9),
345 (SisMegCl,, 5), 287 (SizMe,Cl,, 5), 272 (Si,Me(Cl,, 100),

267 (SigMegCl, 3), 252 (SiyMe,Cl, 3), 209 (SisMeg(Cl, 28),
194 (SizMe;Cl, 11), 174 (SizMeg, 54, 159 (SisMes, 9), 131
(Si,Mes, 23), 93 (SiMe,Cl, 14), 73 (SiMes, 100). —'H NMR:
S/ppm = 0.30 (9 H), 0.59 (18 H), d;: see table 2.

1,1,2,3,4,4-Hexachlorotetramethyltetrasilane (2b)

Through a solution of 2 g (3.3 mmole) 2a in 50 mI CCl, dry
HCl was bubbled. The solution became cloudy and warmed
up. At the end of the reaction the formed precipitate dissolved
and two phases were obtained. The solvent of the lower phase
containing the product was evaporated to yield a residue of
pure 2b. Attempts to destillate 2b under reduced pressure
resulted in a rearrangement of 2b into 4a. — GC/MS (m/e, rel.
Int.): 384 (M*, 0.5), 369 (Si;Me;Clg, 1), 349 (SigMe,Cls, 4),
271 (SizMe;Cly, 100), 251 (SizMe,Cls, 3), 236 (Si;MesCl,,
6), 193 (Si,Me,Cl3, 3), 171 (Si;Me;Cl,, 67), 156 (SirMe,Cl,,
15), 151 (Si;Me Cl, 3), 136 (S1,Me;Cl, 19), 113 (SiMeCl,,
273, 93 (SiMe,Cl, 66), 73 (SiMes, 78). — 'H NMR: §/ppm =
0.76 (6 H), 0.86 (6 H); 'Jgs; 111 Hz, 8;: see table 1.

Tab. 2 2°Si NMR data of the neopentasilanes Si(SiMe,Y), and Me;SiSi(SiMe,Y); (Y = Cl, NEt,) &é/ppm

compound SiA Si# Si¢ SiP
SIA(SiBMe,Cl), (5a) Z113.9 275
SIA(SiBMe,Cl)5(SiCMe,(NEty)) (5b) ~120.7 29.6 33
SiA(SiBMe,Cl)o(SicMe,(NEL,)), (5¢) ~126.2 31.6 43
SiA(SiBMe,C1)(SiCMe,(NEt,)); (5d) ~130.6 33.7 53
SiA(SiCMe(NEt,)), (Se) -134.5 6.3
SiA(SiPMe;)(SiBMe,Cl), (6a) -118.4 28.9 -93
SIA(SIPMey)(SiPMe,Ch,(SiCMe,(NEL,)) (6b)  —123.5 31.4 3.9 ~10.1
SIA(SiPMe)(SiBMe,Cl)(SiCMe,(NEL,)), (6¢) ~130.6 335 5.0 -10.8
SiA(SIPMe,)(SiCMe(NEL,))s (6d) -135.5 6.2 -115
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Preparation of Aminomethyloligosilanes

1,1,2,3,4.4-Hexakis-(diethylamino)-tetramethyltetrasilane
[(Et;N),MeSiA-SiBMe(Et,N)], (2a)

To a mixture of 1.0 g (0.14 mol) lithium in 50 ml THF dropwise
8 g(0.023 mol) (Et,N),MeSi—SiMe(Et,N)C1 (1d) [1] diluted
in 5 ml THF were added. The mixture was stirred overnight,
filtered and the THF was exchanged for the same volume of
n-hexane. After stirring for 10 h and filtration the solvent was
evaporated to give 6.2 g (86% yield) of 2a.

CygHNgSiy caled.: 5556 H 1199 N 13.88

(605.26) found: 55.45 H12.17 N 13.06.

GC/MS (m/e, rel. Int.): 604 (M*, 1), 460 (SizMe, (NEt)),, 1),
187 (SiMe(NEL,),, 58), 115 (SiMe(NE,), 26). — 'H NMR:
B/ppm = 0.394 (SiACHj;), 0.594/0.670 (SiBCHj;), 1.166
(N~CH3;, 3Jyy: 6.4 Hz), 3.064 (N-CH,); '3C NMR: &/ppm =
0.2/0.5 (SiBCHs, splitting due to the two diastereomers), 1.3
(SiACHS3), 15.0/15.3/15.7 (SiAN~CH3, SiBN~CH;, NEt, groups
at Si* are diastereotopic), 39.8/40.2 (Si*NCH,, NEt, groups
are diastereotopic), 42.8/42.9 (SiENCHj, splitting due to the
two diastereomers), dg;: see table 1. The two diastereomers
occure in a 1:2 molar ratio.

1,4-Dichloro-1,2,3,4-tetrakis(diethylamino)-tetramethyltet-
rasilane (2¢)

A solution of 0.3 g (0.5 mmol) 2a and 0.074 g (0,5 mmol)
MeSi Cl; in 1.5 ml CDCl; was stirred overnight and investi-
gated by 2°Si NMR spectroscopy. The by-product MeSiCl
(NEL,), showed a Si NMR shift of —10.3 ppm.

1,2,3,4-Tetrachloro-1,4-bis-(diethylamino)-tetramethyltet-
rasilane (2d)

The procedure was the same as mentioned for 2¢ but the molar
ratio was changed from 1:1 to 1:2.

SiMe(SiMe,Cl), 3., (SiMe,(Et,N)), 3b—d) n = I (diethylami-
nodimethylsilyl-bis-(chlorodimethylsilyl)-methylsilane, 3b),
n = 2 (bis-(diethylaminodimethylsilyl)-chlorodimethylsilyl)-
methylsilane, 3¢), n=3 (tris-(diethylaminodimethylsilyl)-
methylsilane, 3d) and SiMe(SiMeCly) 3., (SiMeClELN)),
(SiMe(Et;N),),, m= 0, n= 1 (diethylaminochloromethylsilyl)-
bis-(dichloromethylsilyl)-methylsilane, 4b), m = 0; n=2 (bis-
(diethylaminochloromethylsilyl)-dichloromethylsilyl-methyl-
silane, 4¢), m=0; n= 3 (tris-(diethylaminochloromethylsilyl)-
methylsilane, 4d), m= 1; n=2 (bis-(diethylamino)-methylsi-
Iyl)-bis-(diethylaminochloromethylsilyl)-methylsilane, 4e)

The reaction was carried out in the same manner as described
for2a. In every batch 0.3 g (0.927 mmol) 3a or 0.4 g (1 mmol)
4a were used. The molar ratios of tetrasilane to diethylamine
1:2, 1:4, 1:6 and 1:20 were chosen.

Si(SiMe,Cl) 4 ,(SiMey(Et,N)), n=1 (diethylaminodimethyl-
silyl-tris-(chlorodimethylsilyl)-silane, 5b), n =2 (bis-(diethyl-
aminodimethylsilyl)-bis-(chlorodimethylsilyl)-silane, 5¢), n=
3 (tris-(diethylaminodimethylsilyl)-chlorodimethylsilylsilane,
5d), n=4 (tetrakis-(diethylaminodimethylsilyl)-silane, 5e)

Mixtures of 0.3 g (0.75 mol) Si(SiMe,Cl), and diethylamine

(molar ratios 1:2, 1:4, 1:6, 1:8) in 2 ml CDCl, were stirred for
12 h.

Si(SiMe;)(SiMe,Cl) ;. (SiMey(EL,N)), n = 1 (diethylamin-
odimethylsilyl-bis-(chlorodimethylsilyl)-trimethylsilylsilane,
6b), n = 2 (bis-(diethylaminodimethylsilyl)- (chlorodimeth-
ylsilyl)-trimethylsilylsilane, 6¢), n = 3 (tris-(diethylamin-
odimethylsilyl)-trimethylsilylsilane, 6d)

These compounds were identified as by-products during the
preparation of Si(SiMe,Cl)4 ) (SiMe,(Et;,N)); 1 <n <4 be-
cause the starting 5a contained 25% of 6a.

Hydrogenations with stannanes

The hydrogenations were carried out with Me;SnH in toluene
as solvent and Ph;MePI as catalyst (molar ratios 2b : Me;SnH:
1:2, 1:4 and 1:6, molar ratio Me3SnH : Ph;MePI > 100:1).
After reacting for 6 hours toluene and the formed tri-
methylchlorostannane were removed from the oligosilane
mixture in vacuo at room temperature.

2e as well as 2g could be obtained in pure state by
hydrogenation with two and six equivalents of Me;SnH,
respectively. The hydrogenation with four equivalents of
Me;SnH yields 2f in 60% amount beside 2e and 2g. 2e-2f
could be identified by 2Si NMR spectroscopy. 2g was already
known from [7]. The found NMR chemical shifts are aimost
identical.
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