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Fifteen previously unknown piperidinosilanes of the type 

R4-~Si[(CH2)~NCsHI0]~ (re=l--3;  n=0--3) .  

have been synthesized by the reaction of piperidine with diethylamino- 
trimethylsilane, bis(diethylamino)dimethylsilane, chlorobis(dimethyl- 
amino)methylsilane, trichloro(methyl)silane, trialkyl(chlorornethyl)- 
silanes, diatkoxy(alkyl)(ehloromethyl)silanes, trialkylvinylsilanes, 
trialkyl(g-chloropropyl)silanes, and 3-chloropropyl(diethoxy)methyl- 
siIane. The piperidinosilanes (n > 0) have been converted into the 
corresponding hydrochlorides and methiodides. 

In a study of organos i l icon  amines  we observed that 
diethoxy (methyl) (3-piper  idinopropyl) s i lane possesses  
a fa i r ly  high toxicity,  its mean  lethal  dose for white 
mice  being 6 mg/kg  (on in t raper i tonea l  a d m i n i s t r a -  
tion). 

To study the dependence of the toxicity of the pi-  
pe r id inos i l anes  on the i r  s t ruc tu re  in more  detail,  we 
have pe r fo rmed  the synthes is  of a number  of com-  
pounds of this type having the genera l  fo rmula  

r,_~s~[(c"~), n@L 
R -alkyl, alko• re=l-3; n =0-3 

Previous ly ,  four methods of p repa r ing  p iper id ino-  
s i lanes  (n = 0) were  known: 1) by the react ion of p i -  
per idine with organylch loros i lanes  [2-6],  2) by the 
t r ansamina t i on  of aminos i l anes  with piper idine  [2], 
3) by the reac t ion  of p iper id ine  with hexaalkyld is i la -  
zanes [2, 7], and 4) by the s i ly la t ion  of p iper id ine  with 
t r iphenyls i ly l l i th ium [8]. Tr i a lky lp ipe r id inos i l anes  
have been obtained with the highest yield (89%) by the 
second method, but for this it  was nece s sa ry  to heat 
the reac t ion  mixture  to the boil  for 10 hr [2]. 

We have found that when d ie thy lamino t r ime thy l s i -  
lane is heated with p iper id ine  with the s imul taneous  
e l iminat ion  of d ie thylamine by dist i l la t ion,  t r i m e t h y l -  
(p iper id ino)s i lane  is formed rapidly in  high yield (~90%) 

Bis (d imethylamino)d imethyls i lane  reac ts  with pi-  
per id ine  with cons iderab ly  g rea te r  difficulty. The r e -  
p lacement  of the diethylamino groups by piper idino 
groups takes pIace stepwise,  and even with an excess  
of p iper id ine  a mix ture  of d ie thylamino(dimethyl)pi -  
pe r id inos i lane  and d imethyld ip iper id inos i lane  is formed: 

*For  par t  VIII, see [1]. 

(CH3)2Si[N(C~Hs)2] 2 + H N @  _(C2H~)2NH 

CH 3 

When the reac t ion  of t r i s (d ie thylamino)(methyl )s i -  
lane with p iper id ine  was ca r r i ed  out under  s i m i l a r  
conditions, no methy l t r ip iper id inos i l ane  was formed. 

In the reac t ion  of ch lorobis (d ie thylamino)methyls i -  
lane with an excess  of piper idine the only o rganos i l i -  
con product  was bis(die thylamino)(methyl)piper id ino-  
si lane:  

N(CoH~), 

'H CI N(CzH~)2 

It was possible  to obtain methy l t r ip ipe r id inos i l ane  
in low yield (~23%) by the prolonged (60 hr) boil ing of 
a benzene solut ion of t r ich loro(methyl )s i lane ,  p ipe r i -  
dine, and t r i e thy lamine  

CH3SICI 3 + 3H CH~Si + 3(C~H:}~N.HCI 

(Pipe ridinomethyl)silanes (n = i) have been obtained 
previously by three methods: i) by the reaction of pi- 
peridine with trialky1(chloromethyl)silanes [9, i0], 
2 ) by the cleavage of the C--O bond in N- (alkoxymethyl)- 
piperidines with triphenylsilyllithium [11], and 3) by 
the condensation of pentane-1, 5-diols with amino- 
methyls i l anes  [12, 13]. 

Using the f i r s t  method, we have synthes ized a n u m -  
ber  of new t r ia lkyl (p iper id inomethyl )s i lanes  and di-  
a lkoxy(alkyl)(piperidinomethyl)s i lanes:  

2 -P ipe r id inoe thy l s i l anes  (n = 2) have been synthe-  
s ized by the reac t ion  of 2 -aminoa lky l s i l anes  with 1, 5- 
d ibromopentane  [14] and by the addition of p iper idine  
to t r io rgany lv iny l s i l anes  in the p resence  of meta l l ic  
l i th ium [15, 16]. 

We ca r r i ed  out the addition of p iper id ine  to t r i a l -  
kylv inyls i lanes  in the p re sence  of meta l l ic  l i thium. It 
was found that after  the react ion p roduc t s - - t r i a lky l (2 -  
p iper id inoe thyl )s i lanes- -had  been dis t i l led  off solid 
res idues  remained .  On decomposi t ion with water  they 
were converted into t r ia lkyl (2-p iper id inoe thyl )s i lanes .  
The amount of these res idues  depends on the t ime of 
the reac t ion  and dec reases  as the react ion is  prolonged. 
This shows that the f inal  reac t ion  products  (or, in any 
case, par t  of them) a re  formed as a resu l t  of the addi- 
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T a b l e  2 

P i p e r i d i n o s i l a n e  H y d r o c h l o r i d e s  and  M e t h i o d i d e s  

Compound Mp. ~ 

V- HCI 170 5--172 
VII-HCI 125 127 
IX �9 HC1 174.5--170.5 

IX �9 C H ~ I  200--202 
X l l  �9 HCI 259--2~1.5 

X l l l  �9 HCI 251.5--283 
XIV �9 HC1 227--228.5 

XlV �9 C H ~ I  180--18t 
XVI �9 HCt 230.5--232.5 

Empirical ] Found,  % 
I . . . .  I formula i C H 
I 

166.22 1.641 
C13H30C1NSi 58.82 11.78 i 
C~21-I2aCINSi 57.97 11.45 ! 
CtaH30INSi 43.52 8,88 i 
CI2H2g21NSi 57.85 11.37 I 
C~3H30CIN,Si 58.92 11.001 
CtaHaoC1NSi 59.46 11.88 I 
C14H32I NSi 45.62 8.77 
C~4H3zC1,NSi 60.93 11.64 

Calculated, % 
i 

Si C ! H Si 

11.43 56.011 11.11 [1.91 
10.21 59.16] 11.45 10.64 
10.94 57.67~ I129 11.24 

43.94 8.5I 7.90 7.45 
11.03 57.071 11.29 11.24 
10.21 59. 6 11.46 10.64 
I0.89 59.10 11.45 10.64 
7.49 45 52, 8.73 7.60 
9.54 60.50] 11.60 I0.10 

t i o n  of p i p e r i d i n o l i t h i u m  to  t h e  t r i a l k y l v i n y l s i l a n e s  

w i t h  s u b s e q u e n t  d e m e t a l l a t i o n ,  w h i c h  t a k e s  p l a c e  on  

b e a t i n g  w i t h  u n s u b s t i t u t e d  p i p e r i d i n e :  

Li 

T h e  f i r s t  r e p r e s e n t a t i v e  of  t h e  3 - p i p e r i d i n o p r o p y l -  

s i l a n e s  (n = 3 ) - - t r i m e t h y l ( 3 - p i p e r i d i n o p r o p y l ) s i l a n e - -  

w a s  o b t a i n e d  b y  c o n d e n s i n g  1 , 5 - d i b r o m o p e n t a n e  w i t h  

3 - a m i n o p r o p y l s i l a n e  [141. W e  h a v e  o b t a i n e d  t r i a l k y l -  

( 3 - p i p e r i d i n o p r o p y l ) s i l a n e s  and  d i a l k o x y ( a l k y l ) ( 3 - p i -  

p e r i d i n o p r o p y l ) s i l a n e s  by  a s i m p l e r  m e t h o d - - t h e  r e a c -  

t i o n  of t r i a l k y l ( 3 - c h l o r o p r o p y l ) s i l a n e s  w i t h  p i p e r i d i n e  

in  b o i l i n g  t o l u e n e :  

All the piperidinosilanes synthesized are colorless 
liquids soluble in the usual organic solvents. Their 

physicochemical properties, yields, and analytical 

data are given in Table i. 

The (piperidinoalkyl)silanes with n = 1-3 are in- 

soluble in water, and the piperidinosilmles with n = 0 
are readily hydrolyzed by it with the cleavage of the 

Si--N bond. The reaction of the (piperidinoalkyl)si- 

lanes (n = 1-3) with hydrogen chloride forms their 

hydrochlorides, and their reaction with methyl iodide 

forms their methiodides (Table 2). 

E X P E R I M E N T A L  

Dlmethyldtpiperidinesilane (III). A mixture of 6.07 g (0.03 mole) 
of bis(diethylamino)dimethylsilane and 5.10 g (0.06 mote) of piperi- 
dine was placed in a round-bottomed flask with a Vigreux condenser 
and was heated to the boil with the simultaneous removal by distilla- 
tion of the dimethylamine formed. After 8 hr, 4.9 hr (79%) of(CzHa)zNH 
had been evolved. The fractional distillation of the residue in vacuum 
gave 2.19 g of diethylamino(dimethyl)(piperidino)silane (I) and 2.19 g 
(32%) of III. 

Similarly, 14.5 g (0.1 mole) of diethylamino(trimethyl)silane and 
8.8 g (0.1 mole) of piperidine gave 14.7 g (88.4%) of trimethyl(piperi- 
dino)silane [2, 7] in 45 min. 

Bis(diethylamino)(methyl)piperidinosilene (II). A mixture of 12.9 g 
(0.058 mole) of chlorobis(diethylamino)methylsilane and 21.8 g (0.25 
mole) of piperidine was heated to the boil for 8 hr. The precipitate 

was filtered off and the unchanged piperidine was distilled off from 

the filtrate. Vacuum distillation of the residue yielded 6 g (22%) of II. 

Methyltriplperidinosilane (IV). A three-necked flask fitted with a 

reflux condenser with a calcium chloride tube, a mechanical stirrer 

with a gas-tight seal, and a dropping funnel was charged with a solu- 

tion of 88.8 g (0.45 mole) of piperidine and 48.8 g (0.45 mole) of tri- 

ethylamine in 200 ml of benzene. With ice-water cooling and vigorous 

stirring a solution of 22.4 g (0.15 mole) of trichloro(methyl)silane in 

30 ml of benzene was added, and then the reaction mixmre was heated 

to the boil for 48 hr. The precipitate was filtered off and washed with 

benzene. To the filtrate was added 25.5 g (0.3 mole) of piperidine and 

the mixture was heated again for 12 hr. The precipitate that deposited 

was filtered off with suction, and the solvent and the unchanged start- 

ing materials were distilled off. Three vacuum fractionations of the 

residue yielded I0.3 g (23.2%) of IV. 

(Pipetidinoalkyl)silanes (n = 1.3). Pyridine dried over sodium was 

Pyridine dried over sodium was used for the synthesis of the trialkyl-, 

trialkoxy-, and dialkoxy(alkyl)piperidinomethylsilanes and the 3- 

piperidinopropylsilanes. The toluene was dried and distilled over so- 

dium. 

A mixture of 0.1 mole of the appropriate (chloroalkyl)silane and 
0.2 mole of piperidine in toluene solution was heated for 7-14 hr (until 
80-100% of piperidine hydrochloride had been formed). The precipi- 
tate was filtered off and washed with toluene. The solvent and the 
unchanged starting materials were distilled off in the vacuum of a 

water pump. The reaction product was isolated and purified by two 

vacuum distillations. The physical constants of compounds V-XI ob- 

tained in this way and their analytical data and yields (after the first 

distillation) are given in Table I. 

Diethyl(methyl)(2-piperidinoethyl)silane (Xll). Diethyl(methyl)- 

vinylsilane and piperidine freshly distilled and dried over calcium 

hydride were used for the synthesis. 

A three-necked flask fitted with a stirrer and a reflux condenser 
was charged with 8.72 g (0.68 mole) of diethyl(methyl)vinylsilane and 

8.98 g (0.106 mole) of piperidine. The mixture was well stirred, and 

0,3 g of lithium was added to it. After some time a reaction which 
took place with the liberation of heat began, After the reaction mix- 
ture had cooled, it was heated at 70-80 ~ C for 2 hr, The unchanged 
lithium was filtered off and the unchanged starting materials were 

distilled off. The residue was distilled in vacuum giving 4.11 g of 

XII. After the distillation, a light brown solid substance remained in 

the flask which was soluble in tetrahydrofuran and sparingly soluble 

in heptane, k was dissolved in water and extracted with ether, and the 
ethereal layer was dried with magnesium sulfate. The ether was driven 
off and the residue was distilled in vacuum, giving another 2.18 g of 
XII. 

Preparation of the methiodfdes, Methyl iodide (2.5 ml) was added 
to 5.17 g of XIV dissolved in 2 ml of absolute ethanol. A reaction took 
place with the evolution of heat. Then the reaction mixture heated in 
the water bath for about 1 hr. Ether was added to the heated solution, 
whereupon a precipitate immediately deposited. It was filtered off, 
washed with ether, dried, and recrystallized from absolute ethanol. 
The yield of diethyl(methyl)-3-piperidinopropylsilane methiodide was 
4,8 g, 
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Preparation of the hydroehlorides, Anhydrous ether satuxated with 
hydrogen chloride was added in small portions to compounds V, VII, 
IX, and XII-XW. Heat was evolved and there was an immediate pre- 
cipitation of the hydrochIorides. They were washed with ether, dried, 
and recrystaIlized from ethanol. 

The melting points and analytical data of the methiodides and hy- 
drochlorides are given in Table 2. 
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