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Reactivity in solid phase. Transformations of 2,4-di-tert-butylphenol and 
its derivatives under elastic deformation conditions 

V. B. Voi'eva, a* L S. Belostotskaya,* A. Yu. Karmiiov, t' N. L. Komissarova, a and V. V. Ersho~  

aN. M. Emanuel" Institute of Biochemical Physics, Russian Academy of Sciences, 
4 ul. Kosygina, I 17977 Moscow, Russian Federation. 

Fax: +7 (095) 938 2156 
~lnstituw of Synthetic Polymer Materials, Russian Academy of Sciences, 

70 ul. Profsoyuznaya, 117393 Moscow, Russian Federation. 
Fax: + 7 (095) 420 2229 

The solid-phase transformations of 2,4-di-tert-butylphcnol (!) and its 6-bromo- (5) or 
6-hydroxymetyl-substituted (11) derivatives wcre studied. The dependence of the behavior of 
compounds ! and 5 in solid-phase processes on the composition of the medium was found. 
Oxidative coupling with the participation of atmospheric oxygen as an oxidant became 
possible at an excess of NaOH (or in NaOH/NaCI medium). The mechanism of oxidative 
dcbromocondensation of compound 5 that involves spontaneous dehalogenation of the 
haloquinolide intcrmcdiate and heterolysis of the C--Br bond with the elimination of Br + 
was proposed. It was concluded that the mechanism proposed is common to solid-phase 
dienone--phenol transformations. The dual reactivity of compound 11, determined by the 
chemical hardncss of the anion-catalyst, was discovered. 

Key words: 2,4-di-tert-butylphenol, 6-bromo- and 6-hydroxymethyl-2,4-di-tert-butylphe- 
nols, oxidative coupling, hctcrocyclization; hydroxydibenzofuran, superoxide ion; solid 
phase; elastic deformation action. 

Among the peculiari t ies  of sol id-phase transforma- 
tions under elastic deformat ion condit ions are the low 
activity of  a tmospher ic  oxygen and the tendency of  
oxygen compounds  for deoxygenation,  t Therefore,  the 
reactions of  compounds  sensitive to oxygen should pref- 
erably be carried out in the solid phase. The validity of  
such an approach is confirmed by examples from the 
chemistry of  sterically hindered phenols. For example,  
we successfully carried out the sol id-phase synthesis of  
alkali and a lkal ine-ear th  metal salts of 3- (4-hydroxy-  
3 ,5-d i - te r / -buty lphenyl )propionic  acid by elastic defor- 
marion action on binary mixtures of the acid with metal 
hydroxides,  oxides,  and carbonates,  z The methyl ester of  
this acid was also used in the reactions with bases 3 
(Scheme I). 

The protect ion against a tmospheric  oxygen is needed 
for similar syntheses of salts in solutions (alcohols,  
aqueous dioxane).  '~ 

The sol id-phase synthesis of  sodium 2,4-di- ter t-butyl-  
phenoxide ( l - N a )  and in situ condensat ion of  this com-  
pound with chloroacet ic  acid and benzoic anhydride 
(Scheme 2) are studied in this work. 

The yields of  the condensat ion products,  2,4-di-tert- 
butylphenoxyacet ic  acid (2) and 2 ,4-di- ter / -butylphenyl-  
benzoate  (3), with respect to the reacted I reach 80 % 
at the degree of  conversioq of  the initial phenol -60 %. 
To achieve a higher degree of  transformation of  I ,  an 

excess of  NaOH was t*sed. However, in this case, in 
addit ion to product 2 (or 3), the product  of  the oxidative 
coup l ing ,  2,2"-dihydroxy-3,3",5,5"-tetra-tert-butyl-  
biphenyl (4), appeared in the reaction mixtures starting 
with the ratio NaOH : 1 >_ 2, indicating the part icipa-  
tion of  a tmospheric  oxygen in this process. Since the 
implicat ion of  oxygen as an oxidant  in a sol id-phase 
process is the important  problem, we studied the possi- 
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bility of  oxidation of  I in relation to the amount  of  
NaOH and found that compound 4 was formed in 
practically quanti tat ive yield at NaOH : 1 >_ 5. It was 
also found that  when the excess of  NaOH was changed 
to NaCI, the comple te  t ransformation of  1 into 4 oc- 
c u r r e d a t  I - - N a O H - - N a C I  = I : I : n ( n > _ 4 ) .  

Without  detai led considerat ion of  the mechanism of 
the oxidat ion one may assume that an inorganic ionic 
medium favors the formation of  the ionic intermediate.  
In our opinion,  the superoxide mechanism where NaX 
molecules serve two functions (as the anionic catalyst 
and as a bridge for the electron transfer) is the most 
probable (Scheme 3). 

In l iquid-phase  processes, oxidative coupling is typi-  
cal of  phenols without  a substituent in at least one of  the 
orlho-para-positions of  the ring; however, under  elastic 
deformation condi t ions  in solid NaOH medium,  debro-  
mocondensat ion  of  tr isubsti tuted 6-bromo-2,4-di-tert- 
butylphenol (5) rest, lted also in its t ransformation into 
4. In this case, ortho-quinolide 6, which is spontane-  
ously t ransformed into 4, should be the intermediate  
(Scheme 4). 

Spontaneous  dehalogenat ion of  a haloquinolide com- 
pound has been observed by us earlier in the sol id-phase 
transformation of  4-bromo-2,4 ,6- t r i - te r t -butylcyclohexa-  
2 ,5-diene-one (7). 5 The formation of  tr i- tert-butylphenol 
8 along with b romophenol  5 can be explained within the 
framework of  the scheme that involves heterolysis of  the 
C - - B r  bond (Scheme 5). 

The similar  behavior  of  quinobromides  6 and 7 in 
sol id-phase t ransformations allows one to predict the 
reactivity of  analogous quinolide compounds ,  in which 
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one of  the geminal substituents is capable of  e l iminat ion 
as a cation. Elastic deformation action upon such sub- 
stances can be used as a new method for s t imulat ion of  
d ienone- -phenol  transformations,  which are widespread 
in the chemistry of  phenols, ill some cases, this method 
appears to be more rational than a similar  l iquid-phase 
process. For example, the bromoquinol ide--phenol  trans- 
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formation is one of the key steps in tile synthesis of 
hydroxydibeqzofuran by the oxidative heterocyclization 
of 5 under the action of Mn(OAc) 3 and a special reduc- 
ing agent 6 (Scheme 6). 

We carried out the solid-phase reaction of 5 with 
Mn(OAc)3 and found that the transforn]ation of 
4-bromo- I -oxo-2,4,6,8-tetra-tert-butyldihydrodibenzofu- 
ran (9) to I-hydroxy-2,4,6,8-tetra-tert-butyldibenzofuran 
(10) proceeds spontaneously and 10 is tile direct product 
of the transformation formed in -80 % yield. Traces of 
compound 9 were registered chromatographically, indi- 
caring its participation ill the process. Thus, bromoqui- 
nolidc 9 (the intermediate in the liquid-phase synthesis) 
appeared to be the unstable intermediate in the solid- 
phase process, and the transformation of bromophenol 5 
to target 10 is reduced by one step. 

Another example of the solid-phase dicnonc--phe- 
nol transformation with a similar heterolysis of tile C--X 
bond of a quinolide compound is the chloroacetic acid- 
catalyzed condensation of 2-hydroxy-3,5-di-tet/-butyl- 
be,lzyl alcohol (11) with the formation of 2,2"-dihy- 
droxy-3,3' ,5,5"-tetra-tert-butyldiphenylmethane (12). 
Ally variant of the mechanism of the transformation of 
11 to 12 should involve the intermediate formation and 
dehydroxymethylat ion of the quinolide structure 
(Scheme 7). 
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It is interest ing to note  that the t ransformat ion o f  ! I 
to 12 appeared to be a typical sol id-phase process and we 
failed to carry out  this t ransformat ion in solut ion using 
solvents o f  different  nature  (CH2CI2, benzene ,  ether,  
ace tone ,  M e O H ) .  W h e n  C I C H 2 C O 2 H  was replaced by 
H2SO 4 in CH2CI2,  anhydrod imer iza t ion ,  usual for benzyl 
a l c o h o l s ,  wi th  t he  f o r m a t i o n  o f  2 , 2 " - d i h y d r o x y -  
3,3",5,5"-tetra-tert-butyldibenzyl ether  (13) was observed. 
Such a t ransformat ion  has been observed by us earlier in 
the s o l i d - p h a s e  too  for t he  r eac t ion  c a t a l y z e d  by 
Na2SO 4 • SOl .  7 Thus ,  a lcohol  11 exhibits dual reactivity 
in so l id-phase  t ransformat ions  and can undergo two types 
of  t ransformat ions  depend ing  on tile nature of  the acid-  
catalyst with the format ion  o f  new C - - O  or C - - C  bonds 
as the result o f  O-  or  C-benzy la t ion  (Scheme  8). 

The  two d i rec t ions  o f  the  t ransformat ions  observed 
cor respond  to different  chemica l  hardnesses  o f  the anion 
A: hard H S O  4- (a) a c c o m p a n i e s  the hard in te rmedia te  
o x o n i u m  ion  14 ( O - b e n z y l a t i o n )  and  the  so f t e r  
C I C H 2 C O O -  an ion  (b) a c c o m p a n i e s  the  soft a r e n o n i u m  
ion 15 ( C - b e n z y l a t i o n ) .  

Experimental  

Condensation of 2,4-di-tert-butylphenol (I) with chloroace- 
tic acid and benzoic anhydride. Equimolar amounts of I, 
NaOH, and CICH2COOH or (PhCO)20 were triturated in a 
mortar for l0 rain at room temperature. The reaction naixture 
was analyzed by TLC. The reaction mixture was treated with 
watcr acidified with HCI and ether, and the solvent was 
distilled off. 2,4-Di-tert-butylphenoxyacetic acid (2) in 80 % 
yield with respect to the reacted i was isolated from the 
crystallized oil, m.p. 178--179 °C (hexane--CHCI3). Found 
(%): C, 72.39; H, 9.33. CI6H2403. Calculated (%): C, 72.69; 
II, 9.15. IH N M R  (CDCI3), (5:1.29 and 1.58 (both s, 
18 H, Me3C); 4.10 (s, 2 H, CH2); 6.36 (d, I H, Ph, J = 
8.5 Hz); 7.04 (dd, I H, Ph, J = 2.4 and 8.5 Hz); 7.52 (d, 
I I | ,  J = 2.4 Hz). 2,4-Di-tert-butylphenylbenzoate (3) was 
obtained by a similar procedure, m.p. 110--11 I °C (hexane). 
Found (%): C, 80.89; H, 8.51. C211t2602. Calculated (%): 
C, 81.20; H, 8.44. The structure of 3 was confirmed by its 
hydrolysis to 1 and PhCOOH. With an excess of alkali 

(NaOH : I >_ 2), in addit ion to 2 (or 3), tetra-tert- 
butylbisphcnol (4) in ~40--95 % yield (depending on the 
anaount of the alkali) was isolated, m.p. 208--209 °C (from 
MeOH), identical to the previously described one. s 

Debromocondensation of 6-bromo-2,4-di-tert-butylphenol 
(5) under elastic deformation conditions. ,4. A mixture of 5 
(0.14 g, 0.5 retool) and NaOH (0.04 g, I retool) was tritu- 
rated in a mortar for 10--15 rain and then treated as described 
above to yield 0.02 g (45 %) of 4. 

B. A mechanical mixture of 5 (2.8 g, 10 retool) and 
Mn(OAc) 3 was passcd through a worm device over 10 rain at 
room temperature, z The product was treated with water and 
ether, the solvent was distilled off, and I-hydroxy-2,4,6,8-tetra- 
tert-butyldibenzofilran (10) (I.6 g, 79 %) was isolated from 
the crystallized mass, m.p. 219--220 °C (hexane). ~ 

Acid-catalyzed condensation of 2-hydroxy-3,5-di-lert-butyl- 
benzyl alcohol (11). A mixture of !1 (2.3 g, 10 retool) and 
CICIt2CO~II (I.9 g, 20 retool) was treated by the known 
procedure. ~ The reaction mixture was treated with ether and 
washed with water, and the solvent was evaporated to yield 
1.7 g (83 %) of 12, m.p. 149--150 °C (hexane). 9 

This  work was f inancial ly supported by tile Russian 
F o u n d a t i o n  for Basic  R e s e a r c h  ( P r o j e c t  No .  
94-03-08653) .  

References  

I. M. T. Gonikberg, Khimicheskoe ravnovesie i skorost" reaktsii 
pri vysokikh davleniyakh [Chemical Equilibrium and Reaction 
Rate at High Pressures], Khimiya, Moscow, 1969, 73, 248 
(in Russian). 

2. E. L. Akopyan, A. Yu. Karmilov, V. G. Nikol'skii, V. M. 
Khachatryan, and N. S. Enikolopyan, Dokl. Akad. Nauk 
SSSR, 1986, 291, 133 [Dokl. Chem., 1986, 291 (Engl. 
Transl.)l. 

3. N. S. Enikolopov, K. S. Minsker, S. V. Kolesov, R. M. 
Akhmetkhanov, V. P. Volkov, A. Yu. Karmilov, S. N. 
Zelenetskii, V. B. Vol'eva, G. F. Bannikov, V. V. Ershov, 
and E. V. Lyadovskaya, Russ. Pat. J~_ 2029759, 1995. 

4. V. V. Ershov, L G. Plekhanova, I. S. Belostotskaya, and 
G. D. Ostapets-Sveshnikova,  Tea. 11 Vsesoyuz. konf. 
"Bioantioksidant" I Proc. II All- Union Conf. "Bioantioxidants"l, 
1986, 1, 6 (in Russian). 



1432 Rttss. Chem. Bull., Vol. 45, No. 6, June, 1996 Vol 'cva  et al 

5. V. B. Vol'eva, A. A. Khzardzhyan, E. E. Gasparyan, T. I. 
Prokof'eva, G. F. Bannikov, E. V. Tal'yanova, and V. V. 
Ershov, Izv. Akad. Nauk SSSR, Ser. Khim., 1989, 13" I Bull. 
Acad. Sci. USSR, Div. Chem. Sci., 1989, 38, 124 (Engl. 
Transl.)l. 

6. I, S. Bclostotskaya, N. L. Komissarova, V. B. Vol'eva, V. V. 
Ershov, L. N. Borisova, O. M. Glozman, and L. D. Smirnov, 
Izv. Akad. Nauk SSSR, Ser. Kbim., 1986, 703 [Bull. Acad. 
Sci. USSR, Div. Cbem. Sci., 1986, 35,644 (Engl. Transl.)l. 

7. I. S. Bcloslolskaya, V. B. Vol'eva, N. L. Komissarova, 

M. A. Dokukina, E. V. Poddymai, A. Yu. Karmilov, A. A. 
Khzardzhyan, V. V. Ershov, and N. S. Enikolopyan, Izv. 
Akad. Na',lk SSSR, Ser. Khim., 1990, 1930 IBulL Acad. Sci. 
USSR, Div. Chem. Sci., 1990, 39, 1756 (Engl. Transl.)l. 

8. E. Mtlller, R. Maycr, B. Narr, A. Rieker, and K. ShelTer, 
Ann., 1961, 645, 25. 

9. I. S. 13elostotskaya, N. L. Komissarova, O. V. Shubina, 
E. A. Grishina, and V. V. Ershov, Izv. Akad. Nattk SSSR, 
Ser. Khim., 1990, 2171 l Bull Acad. Sci. USSR, Div. Chem. 
Sci., 1990, 39, 1980 (Engl. Transl.)l. 

Received October 17, 1995 


