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Reaction of CH,(C6H~)~SiH with C4H,NH= in the presence of potassium 
metal gives, instead of the expected CIq~(C,H~)2SiNHC4H., benzene. 
diphenyl, and what is apparently a hitherto unknown substituted cyelo- 

I I 
d~olazane CHs (C, Hs) SiN (C4H.) SiCHa (CsHs) NC~H0. The Si~CsH, bond 
is broken not only by alkali metals, but also by their amides. For the 
case of piperazine it is shown that heterocyclic diamines react consid- 
erably more readily with trialkylsilane~ than do aliphatic secondary 
amines, 

A few inves t i ga t i ons  have  been  c o n c e r n e d  with  dehy-  
d r o c o n d e n s a t i o n  of a m i n e s  wi th  h y d r o s , l a n e s  [ 1 - 3 ] ,  
and of t h e s e  only one g i v e s  s o m e  concep t s  of the  r e g u -  
l a r i t i e s  exh ib i t ed  by  the  r e a c t i o n .  The r e l e v a n t  p a p e r  
g i v e s  da ta  r e g a r d i n g  r e a c t i v i t i e s  of a m i n e s  of v a r i o u s  
s t r u c t u r e s ,  and the  au tho r s  e s t a b l i s h  tha t  s e c o n d a r y  
a l i pha t i c  a m i n e s  r e a c t  wi th  t r i a l k y l s i l a n e s  at  200*, 
whi l e  a l i pha t l c  a m i n e s  wi th  b r a n c h e d  cha in s  do not  r e -  
ac t  even  at  25O ~ The  p a p e r s  r e f e r r e d  to used  group  I 
a l ka l i  m e t a l s  as  the  d e h y d r o c o n d e n s a t i o n  c a t a l y s t s .  

The  c o m p a r a t i v e  r e a c t i v i t i e s  of a l i pha t i c  and h e t e r o -  
c y c l i c  d i a m i n e s  t o w a r d s  h y d r o s , l a n e s  have  not  been  in -  
v e s t i g a t e d ,  and i t  a p p e a r e d  to us  to be  of i n t e r e s t  to i n -  
v e s t i g a t e  the  l aws  invo lved  in r e a c t i o n  be tween  h y d r o -  
s i l a n e s  and a m i n e s  of v a r i o u s  k inds  and s t r u c t u r e s ,  
and  to  s e t t l e  the  q u e s t i o n  of the  s t r e n g t h  of the  Si--C6H 5 
bond in h y d r o s i l a n e s  in the  p r e s e n c e  of a lka l i  m e t a l s  
and  a m i n e s .  The fo l lowing  w e r e  s e l e c t e d  f o r  i n v e s t i g a -  
t ion:  t r i e t h y l - ,  m e t h y l d i e t h y l ,  and m e t h y l d i p h e n y l s i -  
l ane ,  e thy lene  d i a m i n e ,  n - b u t y l a m i n e ,  and p i p e r a z i n e .  
The  c a t a l y s t  was  p o t a s s i u m .  

D e h y d r o c o n d e n s a t i o n  of d i a m i n e s  wi th  h y d r o s , l a n e s  
having  a l i pha t i c  s u b s t i t u e n t s  a t  the  s i l i c o n  a t o m  p r o -  
c e e d e d  in  e v e r y  c a s e  wi th  f o r m a t i o n  of p r o d u c t s  of the 
p r e s u m e d  s t r u c t u r e .  Thus  f o r  e x a m p l e  t r i e t h y l -  and 
m e t h y l d i e t h y l s i l a n e  gave  wi th  e thy lene  d i a m i n e  and 
p i p e r a z i n e  (2:1) the  c o r r e s p o n d i n g  N, N l - d i s i l y l a m i n e s  
(II). 

g 
2R~SIH+ H~NCH~CH~NH~ ~-~ R~SIHNCH~CH~NHSIR~+H~ 

/ C H ~ - - C H ~  K /CHa--CHa. 
RaSIN~ ~NH+H~ R, SlH R~SIH+ HN~ / N H  ~ - - - -~  

CH2--CH: \CH~--CH~ 
CH~--CH2 

--~ R~SIN< >NSIR~+ H, (II) 
CH~--CH~ 

In the  c a s e  of p i p e r a z i n e ,  m o n o s u b s t i t u t i o n  p r o d -  
uc t s  (I) w e r e  a l s o  i s o l a t e d .  F o r m a t i o n  of N - t r i e t h y l -  
s i l y l p i p e r a z i n e  (I, R = Et) can  be  a s c r i b e d  to the  r e a c -  
t i v i t y  of the  c y c l i c  d i a m i n e  be ing  l e s s  than  tha t  of e th -  
y l e n e  d i a m l n e .  I t  m u s t  a l s o  be  no ted  tha t  p i p e r a z i n e  
has  a h i g h e r  r e a c t i v i t y  than  s e c o n d a r y  a l i p h a t i c  a m i n e s ,  
f o r  i t  u n d e r g o e s  d e h y d r o c o n d e n s a t i o n  a t  8 5 - 9 0 " ,  whi l e  
d l e t h y l a m i n e  [1] r e q u i r e s  200*. 

We p r e v i o u s l y  showed tha t  a phenyl  g roup  a t  the  s i l -  
icon  a tom r a i s e s  the  r e a c t i v i t y  of the h y d r o s i l a n e  in 
d e h y d r o c o n d e n s a t i o n  with e t h y l e n e d i a m i n e  [4]. Study 
of the r e a c t i o n  of m e t h y l d i p h e n y l s i l a n e  with e t h y l e n e -  
d i a m i n e  showed i t  to be a n o m a l o u s .  The p roduc t  was 
a th ick  v i scous  l iquid,  d i s t i l l a t i o n  of which gave only 
d iphenyl .  It p r o v e d  i m p o s s i b l e  to iden t i fy  an ac tua l  
d i s i l y l - s u b s t i t u t e d  e t h y l e n e d i a m i n e .  

In th i s  connec t ion  a s e r i e s  of e x p e r i m e n t s  w e r e  c a r -  
r i e d  out to d e t e r m i n e  the  d i r e c t i o n  of d e h y d r o c o n d e n s a -  
t ion  of h y d r o s , l a n e s  wi th  a m i n e s  in the  p r e s e n c e  of p o -  
t a s s i u m .  The  amine  u sed  was  n - b u t y l a m i n e  (to f a c i l i -  
t a t e  iden t i f i ca t ion  of the  compounds  f o r m e d ) .  

The  m a i n  p r o d u c t  of r e a c t i o n  of e x c e s s  n - b u t y l a m i n e  
wi th  m e t h y l d i p h e n y l s i l a n e  in the  p r e s e n c e  of p o t a s s i u m  
was  m e t h y l t r i - n - b u t y l a m i n o  s i l ane :  

K 
CH3(C6Hs)ISIH + 3H2NC4H, ~ CH~SI(HNC4Hg)~ + 2C6H6 + H2 . 

Using a m e t h y l d i p h e n y l s i l a n e : n - b u t y l a m i n e  r a t i o  of 
1:1,  the  p r o d u c t s  w e r e  m e t h y l d i p h e n y l b u t y l a m i n o s i l a n e ,  
b e n z e n e ,  d iphenyl  and a s u b s t a n c e  to which  s t r u c t u r e  
HI can  be  a s s i g n e d ,  judging  f r o m  i t s  e l e m e n t a r y  a n a l y t -  
i c a l  da t a  and m o l e c u l a r  weight :  

s 

CeHs--~I--N~C.H. 

C, Ht--N~SI~CsHs 

~H3 I l l  

A n u m b e r  of f a c t s  a r e  ev idence  in suppo r t  of f o r m a -  
t ion  of type  HI h e t e r o c y c l i c  c o m p o u n d s ,  and f i r s t  and 
f o r e m o s t  is  the  p o s s i b i l i t y  of b r e a k i n g  the  Si--C6H 5 
bond b y  m e a n s  of p o t a s s i u m  o r  p o t a s s a m i d e s .  In p a r -  
t i c u l a r ,  s p l i t t i n g  of the  Si--C6H~ bond by  p o t a s s i u m  
b u t y l a m i d e  i s  i n d i c a t e d  by  the  r e a c t i o n  of m e t h y l d i -  
p h e n y l s i l a n e  with e x c e s s  b u t y l a m i d e  in the  p r e s e n c e  
of c a t a l y t i c  quan t i t i e s  of p o t a s s i u m  m e t a l .  Us ing  s t o i -  
c h i o m e t r i c  quan t i t i e s  of m e t h y l d i p h e n y l s i l a n e  and b u t y l -  
amine ,  r e a c t i o n  can p r o c e e d  in the  d i r e c t i o n  of f o r -  
m a t i o n  of p o l y m e r s  o r  h e t e r o c y c l i c  s i l a z a n e s .  The  
b e n z e n e  and d tphenyl  i s o l a t e d  in such  c a s e s  a r e  ev i -  
dence  in f a v o r  of the a s s u m e d  r e a c t i o n  m e c h a n i s m :  

K 
CH3 (C.sHs)2SfH + H~NC4H9 -~ CHa( CIH~)2SIblC4Ho+ H2 
C H3(C, Hs)~$1N H C,H, + K --~- CH~(C, Hs) $1(N HC4H,) K+ CsH~K 
CHs(CIHsl2SIN HC4Hg+ C.HsK ---~ CH3(C.Hs)2SIN KC~Hg+ C~H6 
CHs(C-IHs)=SIN KC4 H, + C H3(C, Hs),SiN HC4H, --~ 

CHs(CsH,)~SIN'(C,H,}SI(CsHs)CHsNHC4H,+ C~HsK 
CH~(C~H~)2SIN (CiHs)SI(C-IHs)CH~NHC4H, + CIHsK --~ 

--.. CH3(C~Hs)2SIN(C~H,)Si(C~H~)CH~NKC~H,+ C,H, 
qH~ Ctls 

$I 
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CH3(CIHs):SIN(C,,He)SI(CsHs)CH:NKC4H~ ~ / ~ .  +C~HsK 
C4H~--N N--C4H, 

\ /  
S[ 

/ \  
C~H~ CH~ 

.-~ Clts( C~Hs)~SI[N( C~H~)SiCH~( CeHs)]~NHC~H~+ C~HsK 

e t c . ,  w i t h  f o r m a t i o n  of  f u r t h e r  c y c l i c ,  c r o s s l i n k e d ,  o r  
l i n e a r  p o l y m e r s .  T h e  t i m e  f o r  w h i c h  t h e  r e a c t a n t s  a r e  
h e a t e d  t o g e t h e r  s u b s t a n t i a l l y  a f f e c t s  t h e  y i e l d  of  m e t h -  

y l d i p h e n y l b u t y l a m i n e s i l a n e ,  i n c r e a s e d  h e a t i n g  t i m e  r e -  

duc ing  t h e  y i e l d s  of  m o n o s i l y l  d e r i v a t i v e  and  b e n z e n e .  

T h i s  a l s o  c o n f i r m s  t h e  c o r r e c t n e s s  of  t h e  a s s u m e d  r e -  

a c t i o n  m e c h a n i s m .  

EXPERIMENT 

The starting trimethyl-, methyldiethyl-, and methyldiphenylsilane 
were prepared using Grignard reagents. Their physical constants agreed 
with those given in the literature. Amines were carefully dried before 
1.~eo 

N, N'-SU(tttethylsllyl)pipetazme (II, a = Zt). and N-t~ethylsllyl- 

piperazine (I, R= Et). 0.1 g K was added to a mixture of 20 g C0.172 

mole triethylsilane and i0 g (0.116 mole) piperazine which had been 

heated to 80 ~ . Evolution of hydrogen ceased comparatively quickly. 

The mixture was heated for 5 hr, the K metal filtered off, and the 

filtrate fractionally distilled to give two substances, 

I. Bp 120--123 ~ (4ram), ns ~ 1.4734, d42~ 0.8974. Found C 59.86; H 

11.89: Si 13.80; N 13.95%, hi 214; MRo 62.58. Calculated for Cl0H2~NsSi. 

C 60.00; H 12.00; Si 14.00; N 14.00%; M 200; MRs 62.23. 
11. Bp 146--148 ~ (4ram), ns 20 1,4770, d~ ~~ 0.8915. Found C 61.70; H 

12.17;Si 17.50; N 8.36%; M 318.2; MRs 98,51. Calculated forClsHssN2Si 

C 61.15; H 12.10; Si 17.83; N 8.92%; M 314.1; MRD 98.66. 
N, N'-Bls(methyldlethyllilyl)piperazine. Prepared under similar 

conditions using a large excess of methyldiethylsilane. Bp140--142" 
(4ram); nn 2~ 1,4678; d4 m 0.8915. Found C 58.73; H 11.94; Si 20.00; N 
10.64~ MR~ 89.2"8. Calculated for Cz4H34N2Si2. C 58.73; H 11.89; Si 19.58; 

N 9.79%; M R s  89.64. 
N, N'-BIJ(triethylsilyl)ethyleaediamine. 3 g C0.05 mole) ethylene- 

diamine was added dropwise to a stirred mixture of 23.5 g (0.2 mole) 
triethylsilane and 0.2 g K. When hydrogen evolution had ceased, the 

mixture was heated for 4 hr at 80-90", Vacuum-frantionatlon gave 
11.2 g material bp 136--138 ~ (lmm); ns 2~ 1.4575; d4 ~0 0.8602. Found: 
C 58.51; H 12.77; Si 20.15; N 9.35%; M 282.2; MRs 91.45. Calculated 
for Ct4Hz~N2Si2. C 58.33; H 12.50; Si 19.45; N 9.72%; M, 288.6; 
MRs 91.19. 

N, N'-Bts(methyldiethylsflyl)ethylenedtarnine. 6 g (0.1 mole) ethyl- 
enediamine was added to a stirred mixture of 22 g (0.2 mole) methyl- 
diethylsilane and 0.1 g K. The mixture was left overnight, and after 

removing the K, distilled, to give a compound 125 ~ (Imm): nD ~ 
1.4490; d4 "~ 0.8509. Fotmd:C 55.67; H 12.40; Si 21.12; N 11.18%; 3I 259; 
/14Ro 82.15. Calculated for Ct=H~N2Si~. C 55.38: H 12.30; Si 21.54; N 
10.76%; M 260.5; /14RD 82.17. 

~thyl~'l-nobutylaminosilane. 30 g (0.4 mole) n-BuNH2 was added 
to a stirred mixture of 19.8 g (0.1 mole) methyldiphenylsilane and 
0.1 g K. When evolution of hydrogen had ceased, the mixture was 
stirred for 8 hr at 50". Distillation gave a mixture of benzene and but- 
ylamine bp 70--90 ~ (760ram) and a compound bp 98--100 ~ (3ram): 
no m 1.4440; d4 m 0.8586. Found: C 60.5; H 12.49; Si 11.06%; MRo 80.2. 
Calculated for C~3H3aN~Si. C 60.2h H 12.75; Si 10.80%; AIRD 80.5. 

Methyldiphenyl-n-bntylaminosilane and 1, 3-dimethyl-1, 3-diphen- 
)1-2, 4-di-n-butylcyclodisilazane (HI). 7.5 g (0.105 mole) n-BuNHz 
was added to a stirred mixture of 20 g (0.11 mole) methyldiphenylsi- 
lane and 0.1 g K. A vigorous reaction ensued. When evolution of hy- 
drogen had ceased, the mixture was stirred for an hour at room temper- 
ature, unreacted K removed, and the products fractionally distilled, 

first at atmospheric pressure, then under vacuum. 4 cuts were ob- 
tained. The first (80-83"), after washing with water and drying and 
distilling had bp 80--8I~ nD 2~ 1.5012, and corresponded to benzene. 
The second (80-90" at 2 mm) was a crystalline substance mp 69.5-70*, 
and its elementary analysis and molecular weight corresponded to 
those of diphenyl. The 3rd cut (bp 156-158" at 2 ram) was methyldi- 
phenyl-n-butylaminosllane no 2~ 1.5440; d42~ 0.9821. Found: C 75.69; H 
8.57; N 5.29; Si 10.57%; M R s  86.35. Calculated for C 75.82; H 8.55; N 
5.20; Si 10.40%; M R s  86.66. The 4th cut (180-220" at 2 ram) gave, 
on repeated distillation, a cut bp 220--225 ~ (2 ram) nD ~~ 1.5460; d42~ 
1.0280. Found: C 68.79; H 8.34; Si 14.96; N 7.00%; M 409; MRD 118. 
Calculated for C22H34N2Si2. C 69.02; H 8.95; Si 14.68; N 7.32~ M 382; 
M R s  118.9. This data enables structure II to be assigned to the latter 
compound. 
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