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SOME C H A R A C T E R I S T I C S  OF S I L Y L A T I N G  A M I N O P H E N O L S  

A. L.  N a r k o n ,  V. I.  B a k h m u t o v ,  
Sh.  A. K a r a p e t ' y a n ,  A. I .  K a l a c h e v ,  
P .  M. V a l e t s k i i ,  and  T .  M. T s e i t l i n  

UDC 542.91:547.1' 128:547.564.4 

Silylated compounds are finding wider and wider use in organic chemistry,  in part icular  in the synthesis 
of high-molecular-weight compounds [1]. The use of silylated functional compounds [2] permits  one to vary 
broadly the conditions for  the synthesis and the properties of polymers with a heterocyclic s tructure,  for ex- 
ample polybenzoxazoles [3]. 

In view of the insufficient data on the silylation of bis-o-aminophenols and the polycondensation in which 
their silylated derivatives have participated, it became of interest  to study these processes in more detail on 
model compounds. In connection with this the silylation of o- ,  m- ,  and p-aminophenols with tr imethylsi lyldi-  
ethylamine and the conversion of their silylation products were investigated in this paper. 

The investigation of the composition and structure of the products from the silylation of o- ,  m- ,  and 
p-aminophenols with trimethylsilyldiethylamine by IR, PMR, 13C N1VIR spectroscopy, and GLC showed that it 
leads to a mixture of O-trimethylsi lyl-  and N ,O-bis(trimethylsilyl)aminophenols {Table 1). 

HOC~H4NH~ + M%SiNEt~ --+ Me3SiOCsH4NH~ + HNEt~ (1) 

HOCsH4NH 2 -]- 2M%SiNEt~ -,- M%SiOCeH4NHSiM% + 2HNEt2 (2) 

The O-trimethylsilylaminophenols evolved by the reaction with trimethylsilyldiethylamine are converted 
into N ,O-bis (trimethylsilyl)diethylaminophenols [4] 

MesSiOCeH4NH ~ + Me3SiNEt z -+ MesSiOCeH4NHSiM% + HNEt 2 (3) 

After the subsequent reaction of O-trimethylsilylaminophenols with 2 moles of ethylmagnesinm bromide 
and trimethylchlorosilane [5], O-tr imethylsi lyl- ,  N,O-bis (trimethylsilyl)-,  and N ,N ,O-tris (trimethylsilyl)ami- 
nophenols were detected in the reaction mixture 

2EtMgBr 2Me,SiCl 
- - " - +  MeoSiOC~H4N(MgBr)2-'-'-:=--.. _--=~_ Me3SiOC~H4N(SiMes)~ I --2C~He ~ " --~Mg~rCl 

Me3SiOCeH4N Hz-- (4) 
EtMgBr Me,SiCl 

--'-> Me3SiOCsH4NH(MgBr) ------~gBr--~] MesSiOCsH4NHSiMe~ 

The N,O-bis(trimethylsilyl)aminophenols, according to the GLC data of the original and final products, t ransi l-  
ylate the aminophenols 

M%SiOC~H4NHSiMea + HOCeH4NH~ --+ 2Me3SiOCeH4NH~ (5) 
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TABLE 1. Silylation of A minophenols with T r i m e t h y l s i l y l -  
d ie thylamine 

Mole ratio 
Aminophenol [ Me3SiNEt z : aminoJ 

phenol 

Relative yield of silylation 
products, % (GLC) 

'0-uimethylsilyl- N, O-bis(tfi_methyl- 
aminophenol silyl)aminopnenol 

o-HOCsH~NHz 

m-HOC6H~NH2 

p-HOC6H~NH2 

0,5 
t 
2 
3 

i 
2 
t 
2 

99 
82 
42 

8 

95 
2t 

100 
23 

t 
t8 
58 
92 
5 

79 

77 

TABLE 2. Composi t ion of Mixtures  of O - T r i m e t h y l s i l y l - ,  N , O - B i s -  
( t r imethy ls i ly l ) - ,  and N ,N ,O-Tr i s  ( t r imethyls i ly l )aminophenols  as a 
Function of the Conditions for  the GLC Separat ion of the React ion 
Products  of (4) 

GLC conditions Relative compo~tion of mixture, % 
L~ome,t~ 
of amino. 
phenol 

- ~ r t h o  

met.a 

para- 

sample 
size, 
pmole 

200 

column 
lemngth" mmdiameter" 

2,6 

2,6 
l 2,5 
2,6 

T., ~C 

150 
200 
t50 
200 
150 
200 

gas, I methyl-!N, O-bis- '(trimeth- 
ml/min I siIy.l- yls~lyl) 

larmno- amino- 
tphenol phenol, 

2~,6 ,~ 5~72 
2~,6 20 t 76 40 

266'600 8 5 
t t8 

IN.N.Q- 
tris(m- 
methyl- 
alyl) 
amino- 
phenol 

36 
27 
40 
23 
87 
81 

The N ,N ,O- t r i s  ( t r imethyls i ly l )aminophenols  can a lso  r eac t  with the O- t r imethyls i ly laminophenols ;  this is ob-  
s e rved  dur ing the GLC separa t ion  of the reac t ion  (4) products  under var ious  conditions {Table 2) 

MesSiOC~H4N(SiMe~)~ ~ MesSi0CeH4NH~ --~ 2MeSi0C~H4NHSiMes (6) 

It was es tab l i shed  by the s i lyla t ion of o-aminophenol  with an insufficiency of t r imethyls t ly ld ie thy lamine  
(1: 0.5 mole)  that  the content of the init ial ly f o rmed  N,O-bis  ( t r imethyls i ly l ) -o-aminophenol  s teadi ly  d e c r e a s e s  
a f te r  all of the s i ly la t ing reagent  is consumed (Fig. 1). Consequently,  react ions  (1), (3), and (5), and poss ib ly  
(2) p roceed  in para l l e l  in eve ry  case  during the s i lylat ion of aminophenols  with t r imethyls i ly ld ie thylamine .  

The p r o p e r t i e s  of the s i lyla ted aminophenols  isolated by p r epa ra t i ve  GLC are  given in Tables  3 and 4. 

N , O - B i s - ( t r i m e t h y l s i l y l ) - o - a m i n o p h e n o l  s imula tes  the synthes is  of polys i loxyamides  [3] by reac t ing  with 
benzoyl chloride and is conver ted  to the o-s i loxyani l ide  der iva t ive  of benzoic acid 

o-MesSiOC6H4NHSiMe 3 -~ PhCOC1 -~ o-MeaSiOC~H4NHCOPh -~ MesSiCl (7) 

A s a r e su l t  of a s i m i I a r  reac t ion  between O- t r ime thy l s i l y l -o - aminopheno land  benzoyl chlor ide,  the o - s i l -  
oxyanilide der iva t ive  of benzoic acid which is init ially fo rmed  spli ts  off the Me3Si groups with the HC1 given off 
and the o-hydroxyani l ide  der iva t ive  of benzoic acid is obtained 

o-MeaSiOC6H4NH, -~ PhCOC1 --~ o-Me~SiOC6H4NHCOPh -~ HC1 --~ o-HOC6H4NHCOPh ~- M%SiC1 (8) 

The s t ruc tu re  of the o - s i l o x y -  and o-hydroxyani l ide  de r iva t ives  of benzoic acid was conf i rmed by the 
PMR and IR spec t r a l  and e lementa l  ana lys i s .  The t r imethy lcb lo ros i l ane  given off was  identified by GLC. 
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TABLE 3. P r o p e r t i e s  of the Si ly la ted  Aminopheno l s  

Compomd 

MesSiOC~H~NHz 

MesSiOCsH~NHSiMes 

MesSiOC~H~N (SiMes) z 

l P o~fion 
of sub. 
~ituea~ Nn~ I (NH) 

i~,ITll!nj  Y~. c m  -1 

o~ho 

me/a 

para �9 

ox~dao 
mera 
para 
ordlo 
metz~ 
para 

229 [!,514210,9911 

249 I i,5226 I t,00iC 

250 li,5i9011,001i 

247 [ i,4897 [ 0,9310 
268 I L5003 10,948i 
270 1~,4.9u 10,,9a48 
274 I 1,4807 19,9203 
280 I t,4767 I 0,9092 
283 ! 1,4743 [ 0,9086 

~385 
i480 
~385 
~460 
3370 
]345 
~105 
i390 
~400 

Ar0Si I ArNSil 

905 
905 
9i,0 
910 
905 
910 

925 

980 

215 

925 
9~0 
990 
935 

SINS! 

m 

975 
975 
975 

T A B L E  4. P a r a m e t e r s  of  the PMR Spec t ra  of the Si ly la ted  A m i n o -  
phenols  (in CC14) 

Compound 

Me3SiOC6H~NHz 

MesSiOCsH~NHSiMe3 

MesSiOCeH~N (SiMe3) z 

Position of 

o~o 
meta 
paza 

oztho 
met.a 
paza 

oreho 
meta 
p~a 

6' p1:m'l and assignment 

C8H4 

6,68 
6,26 
6.72 
6,70 
6,26 
6,72 
6,80 
6,28 
6,73 

NH2(NH) 

3.48 
3,58 
3,34 
3,82 
3,32 
3,16 

OS!Me~ * 

0,2i 
0A7 
0,i7 
0,22 
0:t8 
0,i6 
0,28 
0,18 
0,t8 

N(SiMe3)2 

0,03 
0,03 
0,03 

*The c h e m i c a l  sh i f t s  of the p r o t o n s  in th  e OSiMe 3 and NS!Me 3 
g roups  f o r  the  N ~ O - b i s ( t r i m e t h y l s i l y l ) a m i n o p h e n o ! s  co inc ide i  ~ 

A~ tcc , B.~ 

. / /  
98 z 

l 2 j 
Time, h 

Fig .  1. Dependence  of the O - t r i m e t h y l s i l y l - o - a m i n o p h e n o 1  
(a) an d N , O - b i s ( t r i m e t h y l s i l y D - o - a m i n o p h e n o l  (b) content  in 
the p r o d u c t s  of the s f iy la t i0n  of o - a m i n o p h e n o l  with trim, eNyl , -  
s i l y ld i e thy l amine  (1:0.5 mole)  ~n t ime .  A) O - T r i m e t h y l s i l y l .  
o . a m i n o p h e n o l  content ;  B) N , 0 - b i s  ( t r i m e t h y l s i l y l ) - o - a m i n a -  
phenol ;  t cc  is the t ime  spen t  f o r  the comple t e  consumpt ion  of 
the s i ly l a t ing  agent .  

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

The  P1VIR s p e c t r a  w e r e  run  on a P e r k i n - E l m e r  s p e c t r o m e t e r  (60 MHz,  in t e rna l  s t a n d a r d  HMDS); the 
IR s p e c t r a  on a UR-20  i n s t r u m e n t .  The  GLC ana ly s i s  w a s  c a r r i e d  out on a T s v e t  4 -67  c h r o m a t o g r a p h  in a He 
s t r e a m  (66.6 m l / m i n ) ,  co lumn 1 m x  2.5 m m  packed  with 20% E-301  on C h r o m o s o r b  W {50-60 m e s h )  a t  150~ 
wi th  a k a t h a r o m e t e r  d e t e c t o r .  The  p r e p a r a t i v e  s e p a r a t i o n  of the s i l y l a t ed  aminopheno l s  w a s  c a r r i e d  out ~s ing  
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an attachment developed at the Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, col- 
umn 2.6 m x 9 mm packed with 207o E-301 on Chromosorb W (50-60 mesh); He, 200 ml/min, 180-220~ 

Silylation of Aminophenols (general method). The aminophenol, 57.2 g (0.525 mole), and 200 ml (1.05 
mole) of trimethylsilyldiethylamine were mixed for 3.5 h at 120~ in an Ar atmosphere while distilling off the 
diethylamine formed, and then the product obtained was vacuum distilled in an Ar stream. 

Benzoylation of the Silylated o-Aminophenols. A solution of 3.17 g (0.0125 mole) of N,O-bis(trimethyl- 
silyl)-o-aminophenol in 125 ml of freshly distilled CH2C12 was cooled with a mixture of dry ice and acetone and 
a solution of 1.76 g (0.0125 mole) of benzoyl chloride in 125 ml of CH2C12 cooled with the same mixture was 
added. The temperature of the reaction mixture was raised to ~20~ within 1 h and then the solvent was r e -  
moved in va cuo. 

o-Siloxyanilide Derivative of Benzoic Acid. PlVIR spectrum (6, ppm): 0.22 (OSiMe~), 6.67 (C~I4) , 7.73 
(C6H5). IR spectrum (~, cm-1): 1660 (amide I), 1530 (amide II), 3400 (NH), 925 (PhOSi), 1250 (SiCH3). Found: 
C 66.91; H 6.73; Si 10.0970. Cle~-IlsNSiO2. Calculated: C 67.33; H 6.71; Si 9.84%. 

o-Hydroxyanilide Derivative of Benzoic Acid. PMR spectrum (6, ppm): 1550 (amide II), 3410 (NH), 
2600-3300 (OH). Found: C 73.22; H 5.307o. C13HIINO 2. Calculated: C 73.22; H 5.2070. 

C O N C L U S I O N S  

1. The silylation of o- ,  m- ,  and p-aminophenols with trimethylsilyldiethylamine and the conversion of 
their silylation products were studied. 

2. The following were isolated and characterized: o- ,  m- ,  and p-Me3SiOCeH4NH2; o-,  m- ,  and p-Me 3- 
SiOC~H4NHSiMe3; and o- ,  m- ,  and p-Me3SiOCeVI4N (SiMe3) 2. 

3. The o-hydroxyanilide and o-siloxyanilide derivatives of benzoic acid respectively were obtained by 
reacting O-trimethylsilyl-o-aminophenol and N,O-bis (trimethylsilyl)-o-aminophenol with benzoyl chloride. 
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