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TRANSSILYLATION OF DISILAZANES WITH 1 - C H L O R O - 1 - M E T H Y L - 1 - S I L A -  
CYCLOBUTANE AND OTHER TRIORGANYLCHLOROSILANES 

N. S. Nametk in ,  V. M. Vdovin,  and E. D. Bab ich  

Kh imiya  G e t e r o t s i k l i c h e s k i k h  Soedinen i i ,  Vol.  1, No. 3, pp. 148-152 ,  1967 

UDC 546.287 

The first stage of the reaction of hexamethyldisilazane with 1-chloro- 
1-methyl-l-silaeyclobutane gives i ,  8, 3, 3-tetramethyl-1, 1-trimeth- 

ylenedisilazane CHH(CH2/=Si (CHa)NHSi (CHa)a, and after that 1, 8- 

I I 
dimethyl-1, 3-bls(trimethylene)disilazane [CH~(CH=)=SiCHa]2NH is 
formed. The latter reacts with 1-chloro-l-methyi-l-si lacyclobutane 

I 
to give tris[methyl(trimethylene)silyl] amine [CH=(CH~)~SJCtt3]~N From 
a large number of examples k is shown that transsilylation of disila- 
zanes with chlorosilanes is a general reaction. 

We p r e v i o u s l y  showed [1] tha t  h e x a i n e t h y l d i s i l a z a n e  
(I) r e a c t s  with e x c e s s  l - i n e t h y l - l ' o h l o r o - l - s i l a c y e l o -  
butane  (1I), to give  b a s i c a l l y  the  c o r r e s p o n d i n g  t r i s i I -  
y l a m i n e  (111): 

[(CH~)~Si]2N H + CHs(CH~)2Si(CHa)CI~ 
I 1 !  

(1) 
(CHa)2SiC! + [CH2(CH2)=SiCH~]aN 

i l l  

III  is  a l so  ob ta ined  by r e a c t i n g  H wi th  the  d i s i l a z a n e  IV: 

I r I 
4[CH~ (CH~)~SiCHs]2N H + CH~(CH2)Si(CHs)CI 

IV I! 
(2) 

NH~CI+ 3[CH~(CH~)~SiCHaJ~N 
H| 

I t  was  of i n t e r e s t  to i n v e s t i g a t e  r e a c t i o n  1 in g r e a t e r  
d e t a i l ,  and to ob ta in  i n f o r m a t i o n  about  the  s t a g e s  in -  
vo lved  in f o r m a t i o n  of III. 

I t  cou ld  be  p o s t u l a t e d  that  III is  f o r m e d  groin the  
t r i s i l y l - s u b s t i t u t e d  a m i n e  V,  which  i s  t r a n s s i l y l a t e d  
by  II* o r  d i s p r o p o r t i o n a t e d :  

I I I  

[HC[]+[(CH~)~Si]2N(C~) Si(CH2)2C[% (3) 
Y 

* T r a n s s i l y l a t i o n  of s i l a z a n e s  i s  known, but  l i t t l e  in -  
v e s t i g a t e d .  Thus  i t  has  b e e n  e s t a b l i s h e d  [2] tha t  I r e -  
a c t s  wi th  t e t r a c h l o r o s i l a n e  a c c o r d i n g  to the equa t ion  
[(CH~)~Si]2NII+SiC]~ ~ (Ci[3)~SiNHSiCI~+ (CII~)aSiC1. A s i m i l a r  
reaction of trisilylamines has been described, but in- 
stead of chlorosilanes, BCI3 was used [3]: ([l,Si)zN+ 
+ BCi~--~ IiaSiCl+ (HsSi)2NBCi:. 

t I 
2[CHa)aSi]2N(CH3) Si(CH2) CH2 

I I . , 
-~ [CH2(CH~)~Si(CHs)]2N SI(CH3)a + [(C H3)aSl]aN 

I I / t 
2[CH2( CH2)~SiCH3]2NSi( CHs)a -+ [CH2(CH2)~SiCH3]3N + 

i | I  
I i 

+[(C Hs)aSi]2N (CH a) Si(C H2)~CH 2 (3a) 
V 

I I I I 
[(CHa)aSi]2N(CHa)SI(CH~)~CH~+CH2(CH2)2Si(CHa)CI ~ (CHa)aSICI + 

I j 
+[CH~(CH2)2SiCH~]2NSi(CHa)3 

I I 
CH~(CH2),~SI(C Ha)C! ~" I 

.-(c,D~SJCl+[c,~(c,:~)Aic,3J~N (3b) 

To check  on w h e t h e r  the  r e a c t i o n  of Eq. 3a t a k e s  
p l a c e ,  we r a n  a c on t ro l  in which  V, s p e c i a l l y  s y n t h e -  
s i z e d  as  d e s c r i b e d  in [1], was  hea ted  a t  145-150 ~ in a 
s e a l e d  tube ,  in the  p r e s e n c e  of 5% b y  weight  of a m -  
mon ium chloride. It was shown that 4 hours heating 
l e f t  V unchanged ,  so tha t  Eq. 3a was  excluded.  

E v i d e n t l y  r e a c t i o n  3b is  a l so  exc luded ,  s i nce ,  as  a 
c o n t r o l  showed,  t r i s ( t r i m e t h y l s i l y l ) a i n i n e  does  not  r e -  
ac t  wi th  11. 

Thus though f o r m a t i o n  of V i'n the  f i r s t  s t a g e  is  a l so  
p o s s i b l e ,  to p o s t u l a t e  by  ana logy  wi th  r e a c t i o n  2, sub -  
sequent  f o r m a t i o n  of I11 f r o m  i t ,  is  i m p r o b a b l e .  

Ano the r  r o u t e  to III  can  be t r a n s s i l y l a t i o n  of I: 

[(c n~)3si]2N. + ch~(c.~h~i(c.3)cl 

I I 
-* (CH3)aSiC1 +[CH~(CH~)2SiCHa]NHSI(CH3)a 

I I I I 
[CH2(CH2)2SiCH3]N HSi(CHa)a+ CH2(CH2)2Si(CHa)C! 

VI 

[CH2(CH~)2SiCHa]2N H + (CHa)aSiCI 
IV 

4[CH2(CH~)~SICHa]~N H + CH2(CH~)2Si (CHa)CI 

I I 
--,- N H4CI + 3[CH~(CH2)2Si]sN 

I J 
4[(CHa)aS1]2N H +gCH:(CH2)2Si(C H3) Cl 

I 
8(CH3)~SICI +3[CH2(CH2)~SICH3]3N+ NH4CI 

V 
(4) 

To d e t e r m i n e  the p o s s i b i l i t y  of a r e a c t i o n  t ak ing  
p l a c e  in a c c o r d a n c e  wi th  Eq. 4, I was  r e a c t e d  wi th  I I ,  
u s ing  a m o l e  r a t i o  2:1. 1, 3 , 3 , 3 -  t e t r a m e t h y l  - 1, 1 - t r i -  
m e t h y l e n e d i s  i l az  ane VI and 1 , 3 - d i i n e t h y l -  1, I ,  3 , 3 - b i s -  
( t r i i n e t h y l e n e ) d i s i l a z  ane (IV). 
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Table  2 

Star t ing  T r i o r g a n y l e h l o r o s i l a n e  s 

Compound Bp, ~ 
(pressure, ram) 

ClLI~ (CHs)~Si (CHa) Cl 

CI~I2 (CHa),Si (C~H~) CI 

Ch~ (CH,) aSi (CHs) CI 
C1CH~ (CH~) ~SiC1 
C~H~ (CH3) ~SiC1 
CH~ = CH (CHa) 2SiCl 
CH~=CH~- CH~ (CHa)~SiCI 
r~-CaH7 (CHa) ~SiCI 

102--103 (760) 

133.5 (760) 
129 (760) 

114--116 (760) 
73--75 (9--10) 

82--83 (750) 
113--115 (760) 
II 1.5--113 (760) 

~ l'-C~'lculated 

29.43 

26.4 

1.4537 26.5 26.4 
1.4370 25.10 24.85 
1.5095 20.9 20.8 
1A140 29.85 29.5 
1.4295 26.3 26.35 
IA127 26.0 26.0 

When reac t ion  4 was run  us ing  a 1:1 mole  ra t io  of 
I :II ,  the products  we re  III,  IV, and VI. The r eac t ion  
of I with 1 - c h l o r o - l - e t h y t - l - s i l a c y e l o b u t a n e  (mole r a -  
tio of r eac t an t s  and r eac t i on  condi t ions  the same as 
for  I) also conf i rms  that  III is f o rmed  by Eq. 2. Be-  

cause  of the l a rge  vo lume  of the group CH~ (CH~)=SiC~H~ 

compared  with that  of CH=(CH=)=SiCHs it  could be a s -  
sumed that  r e ac t i on  4 would lead p r i m a r i l y  or  solely 
to the d i s i l azane  [CH2(CIIe)=SiC=H~]2NH, and this  was 

found e x p e r i m e n t a l l y  to be the case .  
T r a n s s i l y l a t i o n  can  be extended to many  t r i o r g a n o -  

ch lo ros i l anes  with alkyl ,  a ry l ,  ch lo rmethy l  and o the r  
subs t i tuen t s  at the s i l i con  atom: 

OI" 

[(C Ha)aSi]2N H + RR2'SiCI ~ (CHa)3SiCI +[RR2'Si]2N H 

R=CH2=CH; CH2=CH--CH2; C6H~; 

CICH~; n-CaH~; R'=CHa~ 

RR~'Si=CH=(CH~)=Si(CHa); CH=(CH=)=Si(C=H~); 

CH~(CH~)aSi(CHa) (5) 

It  can  a lso  be used  to syn thes ize  u n s y m m e t r i c a l  
d i s i l azanes :  

[ ( C H 3 ) 3 S i ] 2 N  H + C6H~(CHa)~SiCI 

C~Hs(Clta)2SIN HSi(Clia)a+ (CHa)aSiCl 
(6) 

T r a n s s i l y l a t i o n  p roceeds  r ead i l y ,  is  c h a r a c t e r i z e d  
by high y ie lds  (up to 90%), and in a n u m b e r  of ca ses  
can  be used  as a s imple  p r e p a r a t i v e  method  for  s y m -  
m e t r i c a l  and u n s y m m e t r i c a l  d i s i l a z a n e s .  We c o n s i d e r  
that  it  is be s t  effected by boi l ing  the r e a c t a n t s  in a 
f l a sk  f i t ted  with a f r ac t iona t ing  co lumn with slow b l eed -  
off of the much lower  bo i l ing  ch lo ros i l ane  f o r m e d  ( t r i -  
m e t h y l e h l o r o s i l a n e  when I is  used).  However  t r a n s -  
s i l y l a t i on  can  be effected by s i m p l y  d i s t i l l i ng  a m i x -  
t u r e  of d i s i l azane  and eh lo ros i l ane  f r o m  a C l a i s e n  
f l a sk ,  as we c o n f i r m e d  fo r  I and II. 

P h y s i c o - c h e m i c a l  cons tan t s  and y ie lds  of d i s i l a -  
zanes  obta ined by t r a n s s i l y l a t i o n ,  as wel l  as the mole  
r a t i o s  of the r e a c t a n t s ,  a r e  given in Tab le  1. 

EXPERIMENTAL 

The starting I had bp I25--126 ~ nD 2~ 1.4085, d420 0.7750. Table 2 

gives the constants of the rriorganylchlorosilanes used. 
The transsilylation of disilazanes with chlorosilanes was run in a 

flask fitted with a fractionating column with a 400 mm long glass- 
packed section. In the case of reaction of I with various triorganyl- 
chlorosilanes, the resultant trimethylchlorosilane was slowly distilled 
off at 56.5-59 ~ Reaction was carried out with various mole ratios of 
reactants (see Table 1). Benzene or toluene (150-250 ml per 1 mole 
of I) was the solvent when reacting chloro derivatives of 1-silacyclo- 
butane, to prevent polymerization of the silane derivatives of 1-silacy- 
clobutane formed. 

Transsilylation of I with phenyldimethylchlorosilane. A mixture of 
16.1 g (0.1 mole) I and 8.5 g (0, 05 mole) phenyldimethylchlorosilane 
was charged to a flask fitted with a fractionating column, and heated 
to boiling. 5 rain after start of refluxing the column head temperature 
settled down to 56.5 ~ In 30 rain 4.6 g trimethylchlorosilane was taken 
off, bp 56.5-59 ~ (85% yield). The residue in the flask was transferred 
to a Claisen flask, and excess I distilled off. Vacuum-distillation then 
gave 6 g (0. 027 mole) 1, 1, 3, 3, 3-pentamethylgl-phenyldisilazane and 
1.9 g (0. 0075 mole) 1, 8-bis(phenyldimethyl)disilazane. 

Reaction of I with 1-chloro-l-methyl-l-si lacyclobutane.  a) A solu- 
tion of 32.2 g (0.2 mole) I in 50 ml dry benzene was brought to react 

with 48.1 g (0.4 mole) CH2(CH2)~Si(CHa)C1 as described above. After 
distilling off the trimethylchlorosilane the mixture was distilled from a 
Glaisen flask, and I and benzene vacuum-distilled off. 8ubseqaent dis- 

I J 
tillation gave 10.2 g (0. 059 mole) CH~ (Cite) 2Si (CHs) NHSi (CHa) a, 

L k 
17.9 g (0.097 mole) [CH2(CH~)=Si(CH3)]2NH and 2.0 g (0.0074 mole) 

[CH2 (CH2) 28i (CHs) ]aN. 

b) A mixture of 32.2 g (0.2 mile) I and 12.05 (0.1 mole) 

CH2(CH~)2Si(CH~)CI was put in a Claisen flask and distilled at atmo- 
spheric pressure. After distilling off 12 g material bp 60-115 ~ the 

residue was vacuum-distilled, to give 4.2 g (0.024 mole) 

CH~(CH2) ~Si (CHa) NHSi (CH~) 3 and 2.8 g (0. 015 mole) 

I [ 
[CH2 (CH2) 2SiCH~]2NH. 

Coammonolysts of trtmethylchlorosilane and 1-chloro- l -methyl-1-  
silacyclobutane. The method described in [1] was used to prepare, from 
108.5 g (1 mole) trimethylchlorosilane and 21 g (0.17 mole) 

J 
CH2(CH~)~Si(CH3)CI 15 g (0. 087 mole, 50%) 1, 3, 3, 3-tetramethyl-1, 
l(trimethylene)disilazane, bp 71--75 ~ (19mm), nD 2~ 1.4455, dfl ~ 6.8527 
Found: MRD 54ll ,  M 175. Calculated MRr, 54.23, M 173.4. 
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