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Brief Communications 
Thermal decomposition of 2,6- di- tert-butyl- 4- dimethylaminomethylphenol 
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Products of thermolysis of 2,6-di-tert-butyl-4-dimethylamJnomethylphenol were deter- 
mined qualitatively and quantitatively by GLC, UV, and IH NMR methods. The kinetics of 
the reaction was studied. The therrnolysis products were studied as the inhibitors in 
thermopolymerization of monomers. 
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Sterically hindered phenols are widely used as in- 
hibitors of radical processes, x We showed that systems 
based on 2,6-di-tert-butyl-4-dimethylaminomethylphenol 
(1) can be effectively used for inhibi t ion of 
therrnopolymerization of vinylic monomers. 2 The spe- 
cific feature of this kind of systems is presumably their 
ability to form products at elevated temperatures that 
exhibit inhibitor5" activity. 

We studied the thermal decomposition of 1 and its 
kinetics under various conditions to investigate the chemi- 
cal transformations of aminophenot 1 under conditions 
of inhibition of monomer  thermopolymerization and the 
role of the products of transformation in the inhibition 
process. 

Table 1. Products of thermolysis of 2,6-di-tert-butyl-4-dimethyl- 
aminomethylphenot 

Compound The content of thermolysis products (%) 

in xylene in the presence of 
10% stearic acid 

ArCH2NMe 2 (1) ~ 63.6 
ArCH2Ar (2) 8.0 
ArCH2CH_,Ar (3) 13.0 
A r ' = A r "  (4) b 0.4 
Ar'=CHNMe~ (5) 5.0 
ArCH=CHAr (6) 0.5 
Ar--CH=Ar' (7) 1.5 
(Me2N)2CH 2 (8) 3.3 
Me2NH (9) 3.2 

50.0 
12.0 
14.0 
1.5 
4.6 
1.1 
4.1 
5.5 
3.6 

Results and Discussion 

Compounds 2, 3, and 6--9  have earlier been identi- 
fied among the products of thermal deamination of 
aminophenol 1 in chlorobenzene at 145 ~ (Table 1). 3 

In a repeated study using TLC, GLC, UV, and 
~H NMR methods, we showed that along with the corn- 

Bff, Bu ~ 
, ) 

a A r =  HO-@ . - a A r ' =  0==-'~ ) 
. \ _ _ . /  

Bu t "  8u ~ /  
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p o u n d s  d e t e c t e d  ea r l i e r ,  3 ,5 ,3" ,5" - te t ra- ter t -bu ty l -  
d i p h e n o q u i n o n e  4 and  3,5-di - ter t -buty l -N,N-dimethyl -  
a m i n o m e t h y l e n e q u i n o n e  5 are fo rmed  in the t h e r m o l y -  
sis of  c o m p o u n d  1. W h e n  d e c o m p o s i t i o n  o f a m i n o p h e n o I  
I is carr ied out  in the  p r e s e n c e  o f  t races  of  wa te r  and  
a t m o s p h e r i c  oxygen ,  t h e  f o r m a t i o n  of  3 , 5 - d i - t e r t -  
bu ty lbenza ldehyde  is also observed.  

in  addi t ion ,  we s tud ied  the  d e c o m p o s i t i o n  of  c o m -  
pound  1 in the  p re sence  o f  I0% stear ic  acid. Qua l i t a -  
tively, the  compos i t i on  o f  the  p roduc ts  in the  p resence  
of  acids wi th in  a ce r ta in  pK~ range  ( f rom CF3CO_,H to 
the  h igher  a l iphat ic  acids)  r e m a i n e d  unchanged .  C o m -  
par ison of  the  c o n t e n t  of  the  d e c o m p o s i t i o n  p roduc t s  
indica tes  t ha t  the  yields o f  c o m p o u n d s  4 - - 7  inc rease  
two- to th reefo ld  w h e n  a n  acid is added;  this  m ay  be one  
of  the  reasons  for the  inc rease  in the  inhibitory, act ivi ty 
o f  a m i n o p h e n o l  1 in t h e  p r o c e s s e s  of  m o n o m e r  
t h e r m o p o l y m e r i z a t i o n .  

T h e  k ine t ics  of  t he  d e c o m p o s i t i o n  of  c o m p o u n d  I in  
xylene and  D M F  was s tud ied  bo th  in the  abs ence  of  
acids and  in the  p resence  o f  e i the r  s tearic  or  t r i f luoro-  
acet ic  acids. We observed acce l e r a t i on  of  the  t h e r m o l y -  
sis of  1 in a more  po la r  so lvent ,  D M F .  Accord ing  to the  
l i tera ture  data ,  z s ter ica l ly  h i n d e r e d  pheno l s  c a n n o t  form 
self-associates  because  o f  s ter ic  h indrances :  for example ,  
2 ,6 -d i - r e r r -bu ty lpheno l  exists on ly  in the tbrrn o f  iso- 
la ted molecules .  However ,  a m i n o p h e n o l  1 can  form 
hydrogen  bonds  tha t  involve the  pheno l i c  hydroxyl  of  
one  mo lecu l e  and  the  a m i n o  g roup  o f  a n o t h e r  one .  For  
this reason,  c o m p o u n d  1 p robab ly  exists in the  form of  
se l f -associa tes  in a n o n - p o l a r  solvent .  D M F  has  suffi- 
c ien t ly  high polar i ty  and  can  form complexes  wi th  
a m i n o p h e n o l  1 with a h y d r o g e n  b o n d  tha t  are less s table 
than  those  of  the  a m i n e  wi th  the  pheno l .  This  affects the  
react ivi ty  o f  c o m p o u n d  1 in var ious solvents.  T h e  rate of  
the rmolys i s  also increases  in the  p resence  of  acids,  
which  p r o t o n a t e  a m i n o p h e n o l  I to b lock  the  f o r m a t i o n  
of  i n t e r m o l e c u l a r  h y d r o g e n  b o n d s  (Table  2). 

C o m p o u n d  1 and  the  p roduc t s  of  its t he rmo lys i s  
were tes ted  as inh ib i to r s  o f  t h e r m o p o l y m e r i z a t i o n  of  
m o n o m e r s  (Table  3). We  showed  tha t  a m i n o p h e n o l  1 
exhibi ts  the  inh ib i to ry  act iv i ty  on ly  in c o m b i n a t i o n  wi th  
an acid in all ratios.'- Th i s  m a y  be due to the inc rease  in 

]'able 2. Activation energies (E~) and observed rate constants 
(kobs) of the decomposition of compound I 

Solvent T/~ G / kca l "  mot - t  /cobs" 104/s -~ 

Xylene 115 18.2 0.12 
Xylene 125 18.2 0.26 
Xylene 135 18.2 0.36 
Xylene a 125 18.2 0.28 
Xylene b 125 18.2 0.44 
DMF 115 7.1 0.85 
DMF 135 7,1 1.18 
DMF 145 7.1 1.75 

a 10% stearic acid was added, b 10% CF3COOH was added. 

Table 3. Inhibitory activity of ammophenol  1 and some of its 
thermolysis products 

Compound Content  Monomer  Inhibition 
(%) (%) 

I 0.20 Isoprene 44.5 
4 0.15 Isoprene 91.0 
5 0.15 Isoprene 48.5 
6 0.20 Isoprene 78.7 
1 0.t0 Styrene --  
1 + CI?H 3 5COOH 0.22 Styrene I00.0 

t he  yields of t he  p roduc t s  4 - - 7 ,  w h i c h  possess h igh  
inh ib i to ry  act ivi ty,  in the  p r e s e n c e  of  acids.  

E x p e r i m e n t a l  

The thermolysis of aminophenol 1 was carried out in dry. 
xylene (0.33 mot L - i )  under argon at 125 ~ for 7 h. The 
thermolysis products were separated on a column with neutral 
,4,120 ~ (II activity). Petroleum ether, d/ethyl ether, their mix- 
tures, and benzene were used as the etuants. A.II of the 
identified products (compounds t - -9 ,  see Table 1) were ob- 
tained by independent syntheses using well-known proce- 
dures. 4.s 

The quantitative composition of the reaction mixture was 
analyzed by GLC, UV, and IH N M R  methods. The content 
of compounds 1--3 in a mixture was determined from the 
relative intensity of signals of methylene protons at fi 3.2, 2.7 
and 3.7, respectively. IH NMR spectra were recorded in COl  4 
an a Tesla BS-467 (60 Mttz)  spectrometer; Me4Si was used as 
the internal standard. UV spectra were recorded on a Specord 
UV-VIS spectrophotometer. 

Qualitative and quantitative determinat ion of the amines 
that formed in decomposition of aminophenol  1 was carried 
out by GLC. Amines 8 and 9 were blown out from the reaction 
mixture into a trap with acetone at - 4 0  ~ GLC was carried 
out on a Tsvet-5 chromatograph (nitrogen as carrier gas, 
column 3000x3 ram, stationary phase 15,% PEG-600 + 3% 
KOH on Chromosorb). 

The kinetic measurements for the thermal decomposition 
of compound I were conducted both in xylene and in DMF 
(concentration of compound 1 was 0.33 mol L -1) under argon 
at 115--145 ~ using a well-known procedure. 6 To determine 
the effect of the addition of acids on the thermolysis of 
aminophenol 1, the kinetics was studied in xylene under argon 
at 125 ~ in the presence of 10% stearic or trifluoroacetic 
acids. The rate constants (k) were calculated by the following 
equation 

- lnCt = k" t t const, 

where C t is the concentration of the substrate at the moment t. 
The activation energy (E~) was determined using the Arrhenius 
equation 

I o ~ a ~  = l oga E, 1 . 
2.303 R T 

To determine the inhibitory ability o f  compounds, a mono- 
mer and the corresponding amount  of an  inhibitor were placed 
in a tube. The sample was degasses by successive freezing, 
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evacuation, and thawing to a residual pressure of 10 -J Tort: the 
tube was filled with argon, sealed, and kept at 120 ~ for 6 h. 
The polymer that formed was precipitated with ethanol and 
dried to constant weight. 

The authors express their gratitude to V. P. Nefedov 
and T. A. Zyablikova for the investigations of the reac- 
tion mixture by GC and ~H NMR spectroscopy. 
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Reactivity of ytterbium in liquid ammonia 
I. Synthesis of the complex with the ytterbium--iron bond 
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A solution of metallic ytterbium in liquid ammonia reacts readily with various carbonyl 
complexes of metals to form the corresponding Ianthanide carbonylmetallates. The reaction 
of an excess of Yb in liquid NH 3 with [CpFe(CO)2]2 gave (THF)4Yb[Fe(CO)2CP] 2 in 42% 
yield. It was suggested that the resulting complex contains two equivalent Yb--Fe bonds. 

Key words: ytterbium, metal carbonyls. 

It is known that ytterbium, samarium, and europium 
dissolve readily in liquid ammonia to form solutions of 
typical blue color (the color of solvated electrons).t The 
resulting product should be an active reducing agent of 
different organic and o~anometal l ic  substrates, and its 
application is, apparently, a convenient method for the 
synthesis of a number  of scarcely available organic de- 
rivatives of lanthanides. Recently, it has been demon- 
strated that Fe(CO) 5 is readily reduced by a solution of 
ytterbium in liquid ammonia  to afford a polymeric 
heterometal complex having Yb--Fe bonds and an addi- 
tional interaction with the participation of two isocarbonyl 
ligands per Yb atom. z 

In this work, we report on the successful use of 
ytterbium in liquid ammonia  as the reagent lbr selective 
reduction of [CpFe(CO)2] 2 and for the preparation of 

the complex of divalent ytterbium having Yb--Fe bonds 
and in which no additional coordination with the bridg- 
ing carbonyl ligands occurs. 

Procedures tbr the synthesis of completely substi- 
tuted metal carbonyl derivatives of lanthanides have 
been studied recently in detail. 3-5 Apparently, the reac- 
tion of the corresponding metallic rare-earth elements 
with dimeric catbonyl complexes of metals of composi- 
tion [M(CO)nLm] 2 (M = Co, Cr, Mo, W, Mn, or Re; 
and L = Cp or PR3) in T H F  is the most promising one. 
This procedure gave good results when readily reducible 
carbonyl derivatives of metals were used. On the con- 
trary, hardly reducible complexes, such as [CpM(CO)2]2 
(M = Fe or Ru), 6 do not enter into this reaction. 

As part of the studies on the reactivity of a solution 
of ytterbium in liquid ammonia,  it was demonstrated 
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