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Previously  it was shown that si lazanes can be used as curing agents for epoxide ol igomers  (EO) [1, 2]. 
Taking into account some of the advantages of using silylated compounds as curing agents,  we deemedi t  inter-  
esting to make a more  detailed study of the model react ions of the a-oxide r ing of EO with compounds that 
contain the R3SiO and R3SiNH groups.  

The IR spect roscopy method was used to study the react ion of phenyl glycidyl e ther  (PGE) with t r imethyl -  
siloxybenzene (I) and N-tr imethylsi lylani l ine (H). When a mixture of PGE and (I), taken in a 1 : 1 mole ratio,  
is heated in a stepwise manner  f rom 100 to 250~ the bands in the IR spect rum (Fig. 1), cha rac te r i s t i c  for  
the oxirane ring of PGE (3060, 3000, 865 cm-1), and the band at 915 cm -1, which represen ts  the super impos i -  
tion of two bands, belonging to the vibrations of the A t - - O -  Si(CH3) 3 f ragment  and the oxirane ring, disappear .  
Since the bands, caused by the Si(CH3) 3 vibrations (2960, 830 cm-l) ,  remain  pract ical ly  unchanged and an in- 
c rease  in the absorption is observed in the region of the s tretching vibrations of the e ther  linkages (1000-1200 
cm-1), it may be assumed that the react ion goes in the following manner :  

i 
--~ CsH~0CH~CHCH~0C6H 5 

,I 
C~HsOCH2CH--CH~ ~ (CH3)aSiOCsH 5- OSi(CH3)3 (III) 

/ (I) - -~  C3HsOCH~CHCH.~OSi (CHa)3 
I 

OC6H~ (IV) 

A s imi la r  picture of the changes in the IR spect rum is observed when a mixture of PGE and (II), t a k e n  
in a 1 : 1 mole rat io,  is heated, and here the bands of the oxirane ring of PGE and the band at 900 cm -1, caused 

I 
by the vibration of the Ar - -N- -S i (CH3)  3 fragment ,  disappear;  the absorption increases  in the region of the 
stretching vibrations of the C -  O and S i - - O  groups (1150-1000 cm-1), while the bands of the Si(CH3) 3 group 
(2960, 830 cm -l) remain  pract ical ly  unchanged (Fig. 2). 

Beginning with 100 ~ an increase  in the intensity of the band of the s t re tching vibras of the OH group 
is observed during the stepwise heating. This means that the react ion of the oxirane r ing at the N - - S i  bond 
is accompanied by the usual react ion of opening the oxirane ring of the secondary  amino group (with the fo rma-  
tion of compounds (VII), (VIII), and (IX)). It may be assumed that (IX) is not formed,  since the 900 cm -1 band 

I 
of the A r - - N - - S i  fragment,  which contains the N - - S i  bond, is absent in the spectra  of the heated mixture .  
As a result ,  the following react ion scheme may be proposed: 

i 
C6H~0CH~CHCH2NHC+H5 

I 
OSi(CH3)3 (V) 

l 

C~Ha0CH~CH--CH2 ~ (CH3)sSiNHC~Hs 
\/ 

0 

(iI) 

NHC6H~ (Vl) OtI Si(CH3)3 (IX) 
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Fig. 1. Inf rared  spectra:  a) of s tar t ing mixture of pheny[ gly-  
cidyl ether  (PGE) and tr imethylsi loxybenzene (1 : 1 mole ratio); 
b) of mixture af ter  heating at175 ~ (10 h); c) of 2- t r imethyls i loxy-  
1,3-diphenoxypropane (III). 

(CH3)aSiO CsH5 OH (VII) 

C~H~OCH~CHCH~OSi(CH3)3 . - -  
I 

CHC I C H C6H~OCH2 H2N ~ 5 (IlI) 

I 
OH 

If the mixture of PGE and (II) is not heated in a stepwise manner ,  but instead directly at 175~ 10 h, 
then the spect ra  exhibit a slight increase  in the intensity of the absorption band of the stretching vibrations of 

the OH group and a complete disappearance of the 900 cm -1 band (see Fig.  2, A r - - I N - - S i ~  fragment),  with 

a retention of the intensity of the band at 3370 cm -1 of the s tretching vibrations of the N- -  H bond. In the given 
case,  the react ion of the oxirane r ingwith N-tr imethylsi lylani l ine proceeds at a fas ter  rate at the S i - - N  bond 
to give compounds (V) and (VI). 

On the basis  of the known data regarding the reactions of e-oxides with amines [3], we postulated that 
the react ion of the oxirane ring of PGE with compounds (I) and (II) should go at the O - - S t  and N - - S i  bonds 
to give compounds (III) and (V), samples of which were specially synthesized.  A compar ison of the spectra l  
cha rac te r i s t i c s  (position of the bands, halfwidth of the bands, and ratio of intensities) of these compounds 
and of the heated mixtures  of PGE with (I) and (II) disclosed that compounds (III) and (V) make an important 
contribution in the spect ra  of the mix tures .  Based on an est imate of the optical density of the 830 cm -1 band 
the amount of (1II) in the mixture is -60%.  

As a resul t ,  it may be concluded that the reactions of t r imethyls i ly l -subs t i tu ted  derivatives of phenol 
(I) and aniline (II) with the oxirane r ing of PGE proceed at the O - - S i  and N - - S i  bonds with the predominant 
formation of compounds (III) and (V), which, based on the IR spectra l  data, are  stable when heated to 250 ~ 
Decomposit ion at the O -  S i bond begins above this tempera ture  with the l iberation of hexamethyldisiloxane, 
the band at 830 em -1 [(CH3) 3 - -S[  group] disappears ,  and the absorption in the region of the stretching vibra-  
tions of the OH group increases .  

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

The react ion of phenyl glycidy[ ether  with t r imethylsi ioxybenzene and N-tr imethylsi iylanil ine was run in 
ampuls, sealed under argon, that were heated ina stepwise manner  f rom 25 to 250~ with holding at 25~ 
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Fig.  2. In f ra red  spec t ra :  a) of s ta r t ing  mix tu re  of PGE and N- 
t r imethyts i ly lani l ine  ( t : 1  mole  rat io);  b) of mix tu re  a f t e r  heating 
as 175 ~ for  10 h (solid line) and a f t e r  s tepwise heating f rom 25 to 
175 ~ (dotted Line); c) o f l - p h e n o x y - 2 - t r i m e t h y l s i l o x y - 3 - a n i l i n o p r o -  
pane (V). 

in terva ls  for  10 h each.  The IR spec t ra  ofthe samples  were  taken on a P e r k i n - - E l m e r - 4 5 7  s p e c t r o m e t e r  
(between NaC1 pla tes) .  

Tr imethyls i loxybenzene  (I). A mix ture  of 40.1 g (0.0426 mole) of phenol and 121 ml  (0.639 mole) of N- 
t r imethyls i iy ld ie thylamine  was s t i r r e d  at 120-125 ~ in an a rgon  s t r e a m .  The diethylamine was dis t i l led off 
during the si lylat ion,  andthe cessa t ion  of its l iberat ion a f t e r  5-6 h of condensat ion tes t i f ied  to complet ion of 
reac t ion .  The excess  N- t r imethy ls i ly ld ie thy lamine  was dis t i l led off at a tmosphe r i c  p r e s s u r e ,  and the res idue  
was vacuum-dis t i l l ed  to give 58.7 g (88%) of (I), bp 80-82 ~ (26 mm);  nD 2~ 1.4782 [4]. 

N-Tr imethy ls i ly lan i l ine  (II). Synthesized in a s i m i l a r  manne r  f rom 78.4 ml  (0.858 mole)  of aniline 
and 326 ml  (1.715 mole) of N- t r imethy is i ly ld ie thy lamine  to give 96.6 g (68%) of (II), bp 88-92 ~ (10-12 ram); 
nD 2~ 1.5833 [5]. 

2-Trimethylsiloxy-1,3-diphenoxypropane (III): Synthesized in a similarmanner from 1.5 g (0.006 mole) 
of 2-hydroxy-l, 3-diphenoxypropane and 2.34 ml (0.012 mole) of N-trimethylsilyldiethylamine to give 1.2 g 
(62%7 of (Ill), bp 144-146 ~ (3 ram); nD 2~ 1.5257. Found: C 68.30; H 7.75; Si 8.77%. CIsH24SiO 3. Calculated: 

C 68.32; H 7.64; Si 8.77%. 

1-Phenoxy-2 - t r ime thy l s i l oxy -3 -an i l i nop ropane  (V). Synthesized in a s i m i l a r  m a n n e r  f rom 16.7  g (0.069 
mole) of 1 -phenoxy-2-hydroxy-3-an i l inopropane  and 13.7 m l  (0.072 mole) of N- t r ime thy l s i ly id ie thy lamine  to 
give 16.0 g (75%) of (V), bp 214 ~ (8 ram); nD 2~ 1.5466. Found: C 68.52; K 7.75; Si 8.34%. Ci8H25I~ISiO2. C a l -  

culated: C 68.53; H 7.99; Si 8.90%. 

C ONC LUS IONS 

It was shown by the IR spectroscopy method that the reaction of phenyl glyeidyl ether with trimethyl- 
siloxybenzene and N-trimethylsilylaniline proceeds via insertion of the opened epoxide ring between the Si-- O 

and Si--N atoms. 

i. 

2. 

3. 
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Aromat ic  diamines are widely used as the s tar t ing compounds in poiycondensation react ions and, in 
par t icular ,  in the synthesis  of h igh-molecular -weight  poiyamides [1] and polyimides [2]. 

The present  paper is devoted to developing methods for the preparat ion of some new aromat ic  diamines,  
and specifically the bisaminophenylquinoxalines,  which are used in the synthesis of hea t - res i s tan t  polyimido- 
phenylquinoxaiines [3]. 

The synthesis of the type A bisaminophenyIquinoxaIines was based on the react ion of 1,2,  4- t r iaminoben-  
zene hydrochloride with bis(oe-diketones) in ei ther  dioxane -- water  or  DMF -- water  mixture [4]. 

H~N NH.. 

\ / % / ,  ,, + ~ - ~ . _ c _ c - R - c - c J , 7 ~ ,  2 
L%,~\ ~ II II I! I! 

NH~ 0 0 0 0 
N NHe 

The type B bisamknophenylquinoxalInes were  obtained by the reac t ion  of a roma t i c  t e t r aamines  with 4- 
aminobenzt l  in refluxing ethanol [5] 

H~N NH~ 
\ / % -  n . J % /  �9 2H,N ~ - - ~ - c - c - / ~ %  -~ / k )  k ) \  T ,, ,, 

H~N NH~ 0 0 
N N 

Ph N 

(B) 

TABLE 1. Type A Bisaminophenylquinoxalines 

Com- 
pound 

(I) 

: I f)  

I 'TT'I 

(iv) 

(v) 

- f - - h . o - r  

02L ,,t J 
o 

- ~ - - ~ - N / c ~ 1 7 6  e--'~ 

Yield, 
% mp., .'C 

333-335 

205-207 

25fi-25~ 

308-3 

460 

r 
t Found , % 

Calculated 

78,ti 
~,0g" 
78,07 
78,02 
80,13 
8t,06: 

78,8 ! 

74,92 

4,50 16,03 
4,68 16,27 
4,79 13,32 
4,64 !13,8t 
4,49 t3,67 

4,76 t4,18 

4,t2 t3,00 
4"~ t3,58 

3,9412~92 
3,75 13,08 
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