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The products of reaction of ethylenediamine with dimethyldichlorosilane consist of a mixturc of linear and cyclic units of the 
CHzCHz 
/ \ 

type -Si( CH3)2KHCH2CH2KH- and -Si( CH3)z-A- N-, in a ratio of about 1 :2. By heating the products to 300”. 

(CHa)2 
or by treating them with ( CH3)3SiCl, polymers of the pure cyclic species are obtained. Similar reaction with ethylenediamine 
forms products with a higher ratio of the linear component. 

Introduction 
The subject of silicon-nitrogen compounds has re- 

ceived considerable attention during the past few 
years. Renewed interest in this long-neglected area 
was in part initiated by the search for polymers whose 
properties might supplement those of the silicones, 
and in part by the peculiar features of the Si-N bond. 
In  our laboratory a detailed study of these aspects of 
silicon-nitrogen compounds was started with the in- 
vestigation of products from the condensation reaction 
of dihalosilanes and organic diamines. 

The reaction of ethylenediamine with dimethyldi- 
chlorosilane in a 2 :  1 molar ratio produced a polymeric 
substance with a molecular weight of 2000. Based on 
chemical analysis and on the quantities of starting 
materials and reaction products, its structure was 
assumed to be 

[-Si( CH3)zNHCHzCH2NH-] 
A 

Catalytic amounts of complexing metal salts caused 
cleavage of ethylenediamine out of this primary ma- 
terial, leading to a product for which the preliminary 
cross-linked structure had been postulated by the 
chemical analysis to be 

[-Si( CH3)a-NCHZCHp-S-] 

(CH3)ZSi 
1 

I 
B 

Both products suffer changes in elemental composition 
when stored for long periods a t  room temperature. 
The chemical analyses reflect the altered nature of the 
products, but do not allow any conclusions about their 
molecular structure. Obviously there are several 
possibilities for the structural arrangement of the 
building unit of product B, leading either to linear 
coupling of ten-membered rings or five-membered 
rings, or to extensive random cross linking. Further- 
more, the preliminary structure of A appears rather 
problematic in retrospect if one considers the well 
(I) C. Wannagat, Aduan. I n o v g .  C h e m .  Radiochein., 6, 225 (1964); 12.. 

(2)  R. Minn4 and E.  G. Rochow, J .  Am.  C h c m  Soc., 82, 5625, 5628 (1960). 
Fessenden and J. S. Fessenden, C h e m .  Reu., 61, 361 (1961). 

known tendency of Si-N compounds to form small- 
membered ring c o m p o ~ n d s . ~  One might expect the 
monomeric ring 

Hy-CHa-CH2-SH-Si(CHJ)2 

x ’ 
(which has never been reported”), rather than polymer 
A. The reaction between ethylenediamine and (CH3)2- 
Sic& became even less lucid when Henglein and Lien- 
hardj reported the results of their independent investi- 
gation of the reaction. Applying only slightly dif- 
ferent conditions, they obtained a material of the ele- 
mental composition corresponding to structure B . 

It appeared necessary to us to attack this problem 
with improved analytical methods. In particular, 
an unambiguous method for the exact determination 
of the structure of the products without chemical deg- 
radation had to be found. 

In the previous papers of this series4a6 i t  has been 
shown that structural questions like this can be 
solved by n.m.r. investigations. Chemical and 
spectroscopic studies on the well-defined mono- 
meric products of the reaction of (CH3)3SiNHCHZ- 
CHzNHSi(CH& and different chlorosilanes had shown 
that only two basic structural types of silylethylene- 
diamine compounds can be obtained, i.e., a linear unit 
or a cyclic species incorporating the 1,3-diaza-2- 
silacyclopentane ring system. In no case was a 
compound with a ten-membered ring system (C) 

RzSi--N-CH2-CHz--NR 
I I 

K~-CHz-CHz-N-SiR2 

C 

obtained. Apparently the five-membered species is 
the least reactive and most stable arrangement. 

Linear and cyclic structures may easily be differen- 
tiated by their n.m.r. spectra because the CH1 

R 

R 

( 3 )  C. Eaborn, “Organosilicon Compounds,” Academic Press, New York, 
N.  Y. ,  1960, p. 343. 

(4) D. Kummer and E. G. Rochow, Z .  a i z o y g .  allge7?7. C ~ P J N . .  321, 21 
(1963). 

(5) F. A. Henglein and K. Lienhard, d i a h ~ o m o l .  Ci7ein., 32, 218 ( l Y 5 9 ) ;  
K. Lienhard, Dissertation, TI1 Karlsruhe, 1959. 

(6) D. Kummer and J. D. Baldeschwieier, J .  P k y s .  Chem., 67, 98 (1963). 
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resonances of the ring characteristically are about 
0.30 p.p.m. downfield from the CH, signals of the 
linear compounds. Furthermore the infrared spectra 
of the five-membered rings display a character- 
istic sharp absorption a t  1340 which does not 
appear in the infrared spectra of the linear com- 
p o u n d ~ . ~ , ~  Armed with these facts from study of the 
model compounds, a study of the reaction products 
from ethylenediamine and dimethyldichlorosilane was 
begun. 

Experimental 
All experiments were carried out in an atmosphere of dry 

nitrogen. 
Product I (1 .2 Molar Ratio).-Over a 30-min. period, 17.4 g. 

(0.15 mole) of dimethyldichlorozilane was added with stirring to 18 
g. (0.3 mole) of anhydrous ethylenediamine diluted with 80 ml. 
of xylene. The temperature of the reaction mixture was kept 
below 30' by means of an ice bath. After all the chlorosilane 
had been added, stirring was continued for 10 min. a t  room 
temperature and then the reaction flask was warmcd gradually 
to  the reflux temperature of xylene. At about 80' the fine 
white suspension of amine hydrochloride congealed to a yellowish 
mass, leaving a pale yellow supernatant liquid. After 50 min. 
of reflux the mixture was allowed to cool. The solid material 
was separated by suction filtration through a medium glass frit, 
washed three times with petroleum ether, and then dried. I t  
weighed 23 g. (calculated for ethylenediamine dihydrochloride 
20 g.). Anal .  Calcd. for C2H6N2C12: N,  21.0; C1, 53.4. 
Found: N, 20.73; C1,51.74. 

The solution was freed from xylene a t  reduced pressure (1 
mm.) a t  room temperature. To remove the last traces of xylene 
the residue was then heated t o  70-100" for 2 hr. a t  1 mm. The 
xylene which was distilled from the residue during this time con- 
tained no ethylenediamine; yield, 12 g. of a very viscous oil. 

Products I11 and IV were prepared in the same way as I, with 
one exception: the dimethyldichlorosilane was diluted in both 
cases with an equal volume of xylene. The products were very 
viscous oils. 

Product I1 was prepared in the same way as I, except that the 
ethylenediamine was diluted with 30 ml. of benzene. Slightly 
impure ethylenediamine dihydrochloride (22 g.) was obtained 
(calcd. 20 g.). Anal .  Calcd. for CiHRNZCl2: N, 21.0; C1, 
53.4. Found: N, 20.68; C1, 51.63. The bulk of the benzene 
was distilled from the colorless solution a t  normal preswre and 
the rest by heating the residue a t  1 mm. t o  180" for 4 hr. No 
ethylenediamine was found in the volatile substance (benzene). 
A very viscous oil (11 g.) was obtained. 

Product V (Molar Ratio 1 l).-Anhydrous ethylenediamine 
(6 g., 0.1 mole), (CHs)&[N(C2Hj)212 (19.4 g., 0.1 mole), and 60 
ml. of mesitylene were refluxed for 2 hr. The mixture was 
distilled to  remove the lower-boiling reaction products (diethyl- 
amine and unreacted ethylenediamine) and the solvent. The 
soft waxy residue (10 g.) was freed from mesitylene by heating 
for 2 hr. to 100' tn vacuo. 

This preparation differs from that of Henglein and Lienhard6 
in that a solvent was used in this case. The higher reaction 
temperatur e which is finally reached without solvent favors 
the formation of a ring compound, as is shown by our experi- 
ments (see product VI). The solvent had been added in this 
experiment to see whether the monomeric compound 

CHs-CHz 

could be obtained by the dilution principle. However, not a 
trace of the ring could be detected in the distillate (as indicated 
by the n.m.r. spectrum). 

Product VI.-111 (14 g.) was heated to 370" for 5 hr. a t  1 mm. 
pressure. Ethylenediamine (0.6 g., identified by its n.m.r. 
spectrum) was isolated in a trap cooled with liquid nitrogen. 
Two grams of oligomers was distilled over a t  300-320" (1 mm.). 
The residue (10.4 g.) was a brown viscous resin (VI), insoluble 
in cold benzene but soluble when melted and mixed with hot 
benzene. 

Product VI1.-111 (39 9.) was dissolved in 300 ml. of di- 
ethyl ether and 50 g. of (CH3)3SiCl was added. At the reflux 
temperature of ether a fine white suspension appeared. After 
12 hr. the reaction mixture was cooled and the white precipitate 
(ca.  3 g.) was removed by suction filtration. The yellow solu- 
tion was freed of ether and excess ( CH3)3SiCl a t  reduced pressure 
a t  30" and was distilled. Four grams of a liquid [b.p. 146-148" 
(65 mm.)] was isolated, consisting mainly of 1,3-bis(trimethyl- 
silyl)-2.2'-dimethyl-l,3-diaza-2-silacyclopentane [b.p. 47" 
(1 mm.)I4 (identified by its n.m.r. spectrum). The residue was 
then heated in vacuo (1 mm.) to  ca. 320" for 6 hr. During this 
period 2 g. of methylchlorosilanes (isolated in a trap cooled with 
liquid nitrogen) and 2 g. of a soft waxy material, which condensed 
on the cooler parts of the reaction flask, were removed from the 
residue. The formation of the methylchlorosilanes is explained 
by the presence of terminal =Sic1 groups in the original reaction 
product. The groups are formed by an exchange reaction of 
( CH3)3SiCl 

=N--Si( CH3)2-N= + (CH3)aSiCI --+ 
=N-Si( C H I ) ~ C ~  + (CH3)3SiN= 

At higher temperatures this reaction is reversed and chlorosilanes 
are evolved 

=N-Si( CH&Cl + C1( CH&Si-N --?- 

=N-Si( CH3)2-N= + ( CH3)2SiC125 

The residue (28 g.) was a brown fusible resin soluble in hot 
benzene. 

Reaction of I11 and Ethylenediamine.-Product I11 has a 
ring/chain unit ratio of ca. 3 1 (Table 111). A molecular unit of 
three rings and one linear ethylenediamine group has a molecular 
weight of 632. To  convert this unit into a pure linear configura- 
tion, three ethylenediamine units are needed for each such poly- 
meric unit. According to this calculation, 14.5 g. of I11 was 
allowed to  react with 4 g. of ethylenediamine under reflux for 2 
hr. An n.m.r. spectrum showed unreacted ethylenediamine. 
The mixture was refluxed for another period of 4 hr. There was 
still free ethylenediamine present, which was removed by heating 
to  70" for 4 hr. The chain/ring ratio of the product changed 
from 1.00.0.70 to  1.00.1.32 during this process (checked by 
n.m.r. spectra before and after the heating). 

The reaction of 111 with ethylenediamine was repeated with 
the following variations: ( a )  use of a great excess of the diamine, 
(b)  different reaction times, ranging from 2 to  24 hr., (c) u5e of 
xylene as a solvent, and (d)  reflux of the reaction mixture in 
the presence of ethylenediamine dihydrochloride. Analytical 
data for all products are given in Table I. 

Results 
The products obtained by the methods of M i n d 2  

and Henglein and Lienhard5 (products I and 11) dif- 
fered surprisingly little in their analytical composi- 
tion (Table I). In  no case did the composition cor- 
respond to that of either the pure linear silylamine 
(A) or the silazane (B) (Table I). It is obvious 
from Table I that a mixture of the linear and the 
silazane building units must be present. Further 
and more detailed information on the structure of the 
products was derived from spectroscopic investigations. 

The n.m.r. spectra of the products are qualitatively 
very similar, in accordance with the microanalytical 
results. They include three strong sharp peaks at  



TABLE I 
ANALYTICAL DATA 

7-- c, % --- -- H,YG -1 7- X,y0 --- 
Linear str. un i t  Calcd. Found Calcd. Found Calcd. Found Mol, wt. 

[-Si( CH&NHCH2CHnNH-] 41.33 10.41 24.10 

Cross-linked str. unit 

[-Si( CH3)21iCH2CH2NSi( CH3I2-] 41.80 
~ 

9.36  16.25 

Product I 
Product I1 
Product VI 
Product VI1 

41, 705 41,54 9 .  71a 9 .63  18.88& 19.03 Ca. 1500 
41, 65a 41.51 9.69” 9.76 18.770 18.66 cu. 2400 

Unknown 41.80 41.22 9.36 9 .23  16.26 16.03 
41.80 41.19 9.36 9.31 16.25 15.68 Unknown 

a These values are calculated on the basis of the integration ratios of the ring and chain units in the respective structures (as given 
by the relative intensities of the CH2 proton signals in their n.m.r. spectra (Table 111) for mixtures of the pure silylamine and silazane 
compounds). 

TABLE I1 
P R O T O N  C H E M I C A L  SHIVTS O F  ORGASOSII,1’I,IITHYLE\IEDIAR.IINE C O N P O U N I ~ S  

_-_________- Chemical shifts,“ 7 units ?C 0.02 -~ . 

CHt CH2 ” -Si(CHa)s- -Si(CI-ia) 3 

Cumpound (ring) (chain) 

7.04 

7.38 9.42 . . .  9.99 

. .  . . .  9.89 9 .94  

ab bb C” 

Products I-IV, VI11 7 .03  7.37 9 .24  9.87 9.91 9 .97  
Product V 7.03 7.37 ? 9.87 9.91 9 .97  
Products \‘I and 1’11 7.03 . . .  . . .  9.87 9.91 . . .  

a Measured in dilute CClr solution with Si( CH3)4 as internal standard. For explanation see formula D. 

T 9.97, 9.91, and 9.87, a complex multiplet centered 
a t  r 7.37, a broadened peak a t  7 7.03, and a very broad 
peak centered at  r 9.24 (Table 11). By comparison 
with the monomeric compounds (Table 11) these 
features are easily assigned to SiCH3 groups (signals 
(7) a t  9.97-9.87), S H  protons (9.24), CHz protons of 
the linear =NCHpCH2N= group (7.37), and CH2 
protons of the five-membered 1,3-diaza-2-silacyclo- 
pentane system (7.03). The presence of the five- 
membered rings as structural units of the polymers is 
also supported by chemical evidence from the above- 
mentioned monomeric compounds and by the infrared 
spectra containing the sharp band a t  1340 cm.-l char- 
acteristic of the ring and the NH absorption of 3400 
cm.-l which is indicative of linear -NHCH2CH2NH- 
units. 

Neglecting for the moment the presence of all other 
types of linear and cross-linked units (which will be 
shown to be absent or to be present in only small 
amounts later), the n.m.r. spectra provide the following 
results: (a) The products consist of a framework of 
-NHCH&H2NH- and 

s- /CH2CH2 \ -x 
\si/ 

(CH3)Z 

units which are connected by -Si(CH3)2- units. (b) 
The ratio of these two groups is given by the relativc 
intensities of the linear and cyclic CHa proton signals. 

Three further repetitions of the reactions of MinnC2 
and of Henglein and Lienhardj under varying condi- 
tions produced material with the same structural units, 
differing only in the ratio of linear to cyclic units (which 
lies in the range of 1: 1.5 to 1 : 3 ) .  The n.m.r. data 
for these products are given in Tables I1 and 111. In 
no case could a purely linear structure (A) or a purely 
cyclic structure (B) be identified. The results indicate 
that the choice of the solvent and the temperature of 
the reaction has no specific influence on the structure 
of the products formed. (c) In  general, a product 
will have more cyclic units the higher and the longer it 
is heated, especially after the solvent has been removed. 
This curing effect is responsible for the differences of 
the reported products. MinnC’s material, when freshly 
prepared, has a higher percentage of linear units than 
the Henglein-Lienhard material, but appears to lose 
ethylenediamine on standing for long periods of time, 
leading to a composition of decreased chain-to-ring 
ratio. Product I1 had a chain-to-ring ratio of 1 : 2.26 
shortly after its preparation. (d) Taking the above 
results, the structure of all the first five products (I-V) 
may be depicted as 

L a  b C C 

D 
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TABLE I11 

ORGANOSILYLETHYLENEDIAMINE STRUCTURES 
RELATIVE PROTON RESONANCE INTENSITIESa OF 

I 
I1 
I11 
IV 
V 
v I 
V I 1  
VI11 

I-- 

Cyclic 
CHz 

Found 

1.96 
2.13 
3.03 
1.79 
3.03 
[1.001 
[1.001 
1.32 

__ Relative intensities of signals------ 
Linear 

CHZ - NH- - SiCH3 - 
Found Found Ca1cd.b Found Calcd.b 

[1.00] 0.54 0.50 7.54 7.39 
[1.00] 0 . 5  0.50 7.79 7.89 
[1.00] 0.53 0.50 10.23 10.59 
[1.00] 0 . 5  0.50 7.00 6.86 
[1.001 ? 10.76 10.59 

. . .  , . .  , . .  2.94 3.00 

. . .  . . .  , . .  3.12 3.00 
Il.001 0.52 0.50 5.49 5.46 

a The term “relative intensities” as used throughout this work, 
and quite generally elsewhere, actually refers to the relative areas 
of the different signals as obtained by the integrating circuit of 
the n.m.r. spectrometer. b The calculated values were obtained 
on the assumption that the numbers of protons in the linear group 
(formula D), CHz : NH : SiCH,, stood in the ratio of 2 : 1 : 3, and the 
numbers in the cyclic group stood in the ratio 1 : 0: 3. 

This picture is substantiated by the good agreement 
of the calculated and found relative intensities of the 
cyclic and linear CH2, NH-, and SiCH3- proton reso- 
nances and by the microanalytical findings and the 
calculated elementary composition. In both cases 
the calculated values were based on the chain-to-ring 
ratio of the particular polymer as obtained from the 
n.m.r. spectra. The results are summarized in Tables 
I and 111. 

Discussion of the N.m.r. Spectra 
The strict treatment of all structural possibilities 

of the silylethylenediamine products must include the 
following moieties : For the linear ethylenediamine 
group, structures d, e, f ,  and g and for the cyclic h 

rSi-NH-CHzCH2-NH2 
d 

=Si--NH-CH2CH2--NHSi= 
e 

( =Si)2NCH2CH2NHSi= 
f 

( =Si)2NCH2CH2N( Si=)z 
g 

CH2-CHz 

- 

N- 
/ \ 

/ \  

-N 
\si--’- 

CH3 CH3 
h 

- NCHZCHzN- 
I I 
1 I 

Si( CH3)z Si( CH3)2 

- NCHzCHzN- 
j 

and j .  The presence of appreciable amounts of the 
species d, f, g, and j in the polymers can be excluded 
on grounds of spectroscopic evidence. The absence of 
the NH2 infrared bands at  3300-3400 and 1540-1570 

A decision between the pos- 
sibilities e, f ,  and g can be made in favor of e by an 
analysis of the linear CH2 group proton resonance at  
7 7.37 in the p.m.r. spectra of the polymers. The 

excludes group d. 

/ I 
I 

H 
Figure l.-CH2 proton resonance of product I a t  60 Mc. in 

dilute CC14 solution. The sharp resonance signal of the ring 
CHa protons is incompletely shown because the instrument was 
adjusted for maximum clarity of the chain CH2 proton response. 

CH2 resonance consists of an asymmetrical “triplet 
structure” (Figure 1) of the type which also was ob- 
served for the respective resonances of (CH3) 3%”- 
CH2CH2NHSi(CH&, RNHCH2CH2NHR, where R is a 
1,3-diaza-2-silacyclopentane group,6 and a number of 
organic compounds of the type RlNHCH2CH2NHRz 

The presence of f and g groups cannot be excluded 
completely by this argument in view of the broad and 
not very well-resolved spectrum, but since the CH2 
signals of f and g are very different from that of e,6 
the observation of a pure RNHCH2CH&HR signal 
indicates that  only small amounts (if any) of f and g 
could be present. The best argument in favor of e 
and against appreciable amounts of f and g and the 
cross-linked type (j) is provided by the relative intensi- 
ties of the proton signals. 

When e, f ,  and g are units of a structure they have 
relative CH2 : NH : SiCH3 proton ratios of 4 : 2 : 6 (e), 
4:1:9 (f), and 4 :0 :12  (g). The presence of f and 
g would be reflected both in decreased NH and in- 
creased SiCH3 intensities relative to the CH2 intensity 
when compared with the pure unit e. It will be seen 
from Table I11 that this is not the case. All values 

(R1 = Rz).’ 

(7)  G. Dudek and R. H. Holm, J .  Ant.  t h e m .  Soc., 83, 2099 (1961), 
G. Dudek, R. H. Holm, and J. D. Baldeschwieler, unpublished iesults. 
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SCHEME 1 

Inorganic Chemistry 

' L  CHaH H _ I '  

1' 
support the presence of unit e. In the case of the 
cross-linked type (j), the above reasoning would only 
be true if the chemical shift of the CH, proton reso- 
nance of this ten-membered ring system would coincide 
with that of the linear groups. For the purpose of the 
calculation this can be assumed, however, since the 
presence of CH2 proton signals of j in a region other 
than the linear CH2 resonance region was definitely 
excluded. 

The limit for such considerations is set by the ac- 
curacy of the determination of the relative intensities. 
The presence of smaller amounts of the different groups 
in the polymers therefore cannot be excluded. In 
the light of the above interpretation the assignment of 
the SiCH3 proton resonances of the polymers renders 
no difficulties and adds further proof to the proposed 
structures. 

Three different types of Si(CH3)z groups (in dashed 
lines a, b, c with a proton ratio of 1:2:2) can be recog- 
nized in D. This corresponds to the observation of the 
three distinct SiCH3 proton signals, which are listed in 
Table 11. By comparison with the SiCH3 chemical 
shifts of the two monomeric compounds of Table 11, 
the signal a t  r 9.97 was assigned to group c, the signal 
a t  T 9.91 to group a, and the signal a t  T 9.87 to group 
b. The calculated and observed relative intensities 
are in substantial agreement with this assignment. 
The assignment of the signal at 9.97 to group c was veri- 
fied by chemical reactions (see next paragraph). 

Rearrangement Reactions.-All the products, when 
heated for several hours to 300-350" in vacuo, suffer 
changes which are also observed in aging. Ethylene- 
diamine is evolved and can be isolated in a cooled trap. 
Further condensation of the products occurs, and tacky 
gums are produced. The internal changes are re- 
vealed by the n.m.r. spectra. The chain CHZ proton 
signal of the original material gradually disappears, 
as well as the SiCH3 proton signal a t  r 9.97, leaving the 
ring CH2 signal a t  r 7.03, which is slightly broadened, 
and the two SiCH3 signals a t  r 9.87 and 9.91, which 
are of equal intensity. No new signals appear. The 
relative intensities of the CH2 signal and the combined 
SiCHs signals are about 1 : 3, which is the ratio calcu- 

1 TH3 ,CH2-CH? 

-Si-S ' 1  ?-- 

---f c- 
I --h' Si- 

1 + NH~-CH~-CH~~-L\;H~ 

lated for the pure ring E (Tables I1 and 111). The 
microanalytical data for VI (Table I) and the infrared 
spectrum (characteristic ring peak at  1340 em.-', no 
NH peak a t  3400 cm.-l) are in full agreement with 
this formula and correspond to the product obtained by 
Henglein and Lienhard by a similar procedure.6 

The disappearance of the SiCH3 signal of the starting 
material a t  'T 9.97 is a direct proof that the signal is due 
to a Si(CH3)2 group connecting a chain and ring unit. 
If the polymers are heated to  still higher temperatures 
(>400") ~ decomposition occurs with formation of lower 
boiling liquids and a dark porous residue. The cleav- 
age of ethylenediamine, as in Scheme I, is revers- 
ible to a certain degree. When I11 was heated 
in the presence of ethylenediamine, the reaction pro- 
ceeded in the direction of the lower arrow. When the 
excess of ethylenediamine was removed at  30-40" 
in vacuo, products with a maximal ratio of one chain 
to 0.6 ring unit were obtained (identified by their 
n.m.r. spectra). These materials are extremely un- 
stable a t  higher temperatures. Although they contain 
free ethylenediamine only in small amounts (-5%) 
at  30-40" (which can easily be identified in the n.m.r. 
spectrum), they cleave off ethylenediamine in con- 
siderable quantities when one tries to remove the 
residual free ethylenediamine at  temperatures above 
40". A product completely free of ethylenediamine 
was obtained by heating it for 4 hr. to 70" in vacuo, 
and it had a chain/ring ratio of 1 : 1.32 (VIII, Tables 
I1 and 111). It was impossible even with a great 
excess of ethylenediamine to obtain or even identify in 
the ethylenediamine solution a substance with a pure 
chain structure. Such a configuration apparently 
is very unstable and rearranges partially to the cyclic 
structure, until finally a sufficient number of the latter 
species stabilizes the residual linear groups. This 
evidently is the case when a ratio of about 1 : 1 is reached 
and every linear unit is separated from the next linear 
group by a ring unit. Solvents or ethylenediamine 
dihydrochloride have no discernible effect upon the 
reaction. 

The same tendency for the transformation of chain 
units into ring units is observed when products with 
chain units were allowed to react with (CH3)3SiCI in an 
attempt to improve their hydrolytic stability by re- 
placing the h-H by the NSi(CH3)3 group 
[-Si( CH~)ZXHCHZCH~NH-] + 2( CH3)aSiCl --+ 

[-Si( CH3)2KCHzCH+-] 
I 

Si(CH& &(CH3)3 + 2HC1 
F 

CHs CHa 'CHa 1% 
E 



Vol. 4, No. 10, October 1965 N-METHYLCYCLOSILOXAZANES 1455 

Apparently this reaction occurs in the first step 
(amine hydrochloride is formed), but in a second step 
cleavage and cyclization of F take place 

[-Si( CH&NSi( CH3)3CH2CHzKSi( CH&] -+ 
/CH2CHz 

(CH&SiN ‘NSi(CH3)3 
\si’ 

F 

(CH3)Z 
G 

When the polymeric reaction product is heated in vacuo 
to remove low-boiling compounds, a liquid is isolated 
which consists in large part of compound G. The 
chain units of the original material thus are removed 
to a high degree, and a ring structure of the approxi- 
mate composition of E is left (product VII) . 

The results of this investigation show the strong 
tendency of silylethylenediamine compounds to form 
cyclic structures with the 1,3-diaza-2-silacyclopentane 

basic skeleton, in agreement with earlier r e ~ u l t s . ~ J  
The failure to obtain a purely linear species [-Si(CH3)2- 
NHCH2CH2NH-In (A), even in the presence of excess 
ethylenediamine, underlines the stability of this ring 
system and the previously discussed ring closure effect.* 
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(8) In a recent paper Yoder and Zuckerman (Inoug. Chem., 3, 1329, 1964) 
erroneously suggest tha t  we indicated tha t  the presence of NSi(CH8)s groups 
was necessary for the formation of five-membered rings and claim to have 
found a more general reaction for the formation of cyclic compounds with 
various alkyl or aryl groups on the nitrogen atoms. We desire to emphasize 
tha t  the first cyclic silylethylenediamine compounds carrying alkyl as well 
as silyl substituents on the nitrogen atoms had already been prepared by 
Lienhard6 in 1959. Thus i t  was known quite early tha t  the formation of 
cyclic silylethylenediamines does not depend upon the presence of the NSi- 
(CHd8 group. 
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When 1,3-dichlorotetramethyldisiloxane or 1,5-dichlorohexamethyltrisiloxane was treated with methylamine, mixtures of 
silylamines and cyclosiloxazanes were obtained. All these 
silylamine derivatives could be converted to cyclosiloxazanes with heat in the presence of ammonium sulfate, and several 
stereoisomers were separated from the phenyl-substituted cyclosiloxazanes. Like the cyclosilazanes, the cyclosiloxazanes 
could be polymerized with aromatic diols. 

The corresponding methylphenylsiloxanes gave only silylamines. 

Introduction 
Several recent publications have described the syn- 

thesis of cyclic siloxazanes derived from ammonia. 1-6 

As an extension of the interest of this laboratory in N- 
substituted cyclosilazanes as intermediates in polymer 
preparation, the synthesis of N-methylcyclosiloxazanes 
has been investigated. N-EthyL7J and N-butylsilox- 
azanes6 have been reported, but i t  has been observed in 
the literature that 1,3-?~is(methylamino)tetramethyl- 
disiloxane and 1,5-bis(methylamino) hexamethyldisi- 
loxane, which are obtained in good yield from methyl- 
amine and the corresponding chlorosilane, resist 
thermal condensation to ring 
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Results 
The properties and characterization of the siloxazanes 

and the intermediates in their preparation are reported 
in Table I. Rather than a single product, methylamine 
and 1,3-dichlorotetramethyldisiloxane (I) and l,5- 
dichlorohexamethyltrisiloxane (11) gave mixtures of 
cyclic and linear compounds. The reactions were 
carried out by treating the chlorosilanes in petroleum 
ether with methylamine a t  5-10’ and heating the re- 
sulting mixtures a t  reflux for 1 hr. 

From the product of treating I with metliylamine was 
isolated 40% of 1,3-bis(methylamino)tetramethyldisj- 
loxane (V), llgi; of the linear dimer, methylbis(3-(1- 
methy1amino)tetramethyldisiloxanyl)amine (X) , and 
31% of the cyclic dimer decamethyl-1,5-diaza-3,7- 
dioxa-2,4,6,8-tetrasilacyclooctane (XI). I1 and methyl- 
amine afforded a mixture from which 32y0 of 1,5- 
bis(methy1amino)hexaniethyltrisiloxane (VII) and 45% 
of the cyclic derivative, octamethyl-l-aza-3,5-dioxa- 
2,4,6-trisilacyclohexane (XII), were separated. When 
the phenyl-substituted siloxanes 1,3-dichloro-1,3-di- 
methyl- 1,3-diphenyldisiloxane (111) and l15-dichloro- 




