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Abstract  - Reactions o f  4-bromo-(%) and 4-chloro-2,4,6-tri-t-butyl-2,s- 

cyclohexadien-1-one (z) wi th  imidazole (a), 1-methyl-(%), 2-methyl-(%), 

4-methylimidazole (a), benzimidazole (k), and 2-methylbenzir,idazole (x) 
were c a r r i e d  ou t  under various cond i t ions .  I t  was found i n  these react ions  

tha t  many products such as the 1-(4-0x0-2,5-cyclohexadieny1)-, lb(2-hydroxy- 

pheny1)- and 1-(4-hydroryphenyl)imidazoles were formed and tha t  the type o f  

the products depended upon the s t ruc tures  o f  imidazoles 6 .  

It has been prev ious ly  reported tha t  4-bromo-2,4,6-tri-t-butyl-2,5-cyclohexadien-l-one (5) reacted 

5 w i t h  alcohols, '  sodium ~ h e n o l a t e s , ~  amines such as p ipe r i d i ne  and m ~ r p h o l i n e , ~  and sodium azide t o  

give the corresponding 4-subst i tu ted 2,4,6-tri-t-butyl-2,5-cyclohexadien-1-ones (c)  which were easi-  

l y  leaded t o  4-subst i tu ted phenols (2) except 4-aridophenol by the acid-catalyzed trans- or  dealky- 

l a t i o n .  

Z 3 

z = OR, OAr, N-X (X = 0, CH2) 
V 

Scheme 1 

On the o ther  hand, the  reac t i on  o f  & w i t h  py r i d i ne  af forded 1-(3,s-di-t-butyl-2-hydroxypheny1)- 

pyr id in ium bromide.6 It was a lso  found i n  t h i s  reac t i on  t h a t  add i t i on  o f  ethylene g lyco l  increased 



the  y i e l d  of  $,. However, the  reac t i on  of  & w i t h  T -p i co l i ne  d i d  no t  g ive t he  expected 2 i n  the  

presence o r  absence o f  ethylene g lyco l .  I n  con t ras t  &, 4-chloro-2,4,6-tri-t-butyl-2,5-cyclohexa- 
dien-1-one (&) reacted w i t h  y -p i co l i ne  i n  the  presence o f  ethylene g l yco l  t o  a f f o rd  the  expected 

a' (Scheme 2). 
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b: X = C1 

Scheme 2 

I n  the  present work, t he  reac t ions  o f  & and & w i t h  imidazoles were i nves t i ga ted  t o  see what 

products were formed. 

When & and &were  heated w i t h  1-methylimidazole (&) a t  110-c (temperature o f  o i l  bath) f o r  8 h  i n  

t he  pbsence of  ethylene g lyco l ,  compounds l were obtained i n  52% and 57% y i e l d s ,  respect ive ly .  The 

8 
s t r uc tu re  of was proposed by elemental ana lys is  as w e l l  as spect ra l  data as 1-(1 ,3 ,5 - t r i - t -bu ty l -  

4-0x0-2,s-cyclohexadieny1)-3-methylimidazolinium ha1 ides (Scheme 3 ) .  

@ 
a t  110'~. f o r  8 h  

ak HocH2cH20H 

c1- 

Scheme 3  
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On t h e  cont ra ry ,  the  r eac t i on  of & w i t h  i n  the  presence of e thy lene g l yco l  gave i n  35% y i e l d  a  

9  d i f f e r e n t  p roduc t  2 which was conf i rned by i t s  elemental ana l ys i s  and spec t ra l  data as 1-(3,5-di -  

t-butyl-2-hydroxypheny1)-3-methylimidazolinium ch lo r i de .  However, i t  i s  n o t  c l e a r  why such d i f f e r -  

en t  r e s u l t s  a r e  obtained. Although there  are the  o the r  poss ib le  s t r uc tu res ,  @ and 8, f o r  the  pro-  

ducts, ,? and 2 ,  r espec t i ve l y ,  they  should be om i t t ed  by the  f o l l o w i n g  cons idera t ions :  i )  the  formers 

must be l ess  s t a b l e  than t h a t  o f  the  l a t t e r s  s ince  and 8 cou ld  n o t  be s t a b i l i z e d  by resonance; 

i i )  the  formers might  be more s t e r i c a l l y  h inder  than the  l a t t e r s ,  r espec t i ve l y .  

& 

Scheme 4  

Table 1. Reaction of  1 w i t h  Imidazoles (%-El. a )  

Run i. Imidazole T i m  ( h )  Product (s)~) 

1 k & 6 vY,L l l a  (24). & ( l a ) ,  &? (40).  la (5 )  

2  I&! 3 9 - a 1 5  & 4 3  &? 1  6 & ( 2 )  

3b) & & 8.5 & 7 & 2 2  &? 1  6 ( 2 ) ,  u (17) 

4 & '& 6.5 3 4 5  &? 4 ,  1 5  & (1)  

5b) & & 3.0 (131, a (71, M ( l 6 ) .  &? (71, ( l o ) ,  (21)  

6 & @ 6.0 & (281, ,& (27) ,  &? (6) ,  (5), (19) 

a )  A m i x tu re  of and was heated w i t hou t  so lven t  a t  1 1 0 ' ~  unless otherwise i nd i ca ted .  

b)  Ethylene g l yco l  (one mole per  one mole o f  1) was added. c )  The i s o l a t e d  y i e l d s  a re  shown. 



The r e s u l t s  of the react ions  of ;l w i t h  the other imidazoles &-kt are summarized i n  Table 1 and 

Scheme 4 .  

The data of Table I show t h a t  the react ions of and & w i t h  imidazole (&) i t s e l f  a f fo rded I - ( \  ,3, 

5 - t r i - t - b u t y l - 4 ~ o r o - 2 , 5 - ~ ~ c l o h e x a d i e n y l ) - ( ~ ) ~ ~  and 1-(3,5-di-t-butyl-2-hydroxyphenyl)imida2ole 

6 (J,,&)11'19 together w i t h  by-procuts such as $l, &12 xS6 ~ 1 ' ~  and ]a which are known compounds. 

However, i n  the react ion  of & wi th  &, l-(3,5-di-t-butyl-4-hydroxyphenyl)-2-methylimidazole (m) 13 

was obtained i n  49% y i e l d  as a main product. I n  the above react ions,  add i t i on  of ethylene g lyco l  

decreased the y i e l d s  o f  the main products such as U, K, and E. The react ion  w i t h  Q,$ gave & 14 

and &I5 but  not a. 
It was a lso  found tha t  the react ion  of & w i t h  benzimidarole (&) a t  1 6 0 ' ~  f o r  4 h af forded 1-(3,5- 

+ Lk 
a t  16o0c 

H 
fo r  4 h 

2 
yNQ 

a a 
a: R = H 

b: R = CH 3 

Table 2 .  Me l t ing  po in ts  and Appearances o f  the products.a) 

Compound ~ p .  ( ' c ) ~ )  Appearance Compound M ~ .  Appearance 
(Solvent)  (Solvent) 

& ca.180 (d . )  co lor less  needles I& 120-123 co lor less  needles 
(benzene) (hexane) 

& ca.200 (d.) co lor less  needles LA% 115-116 co lo r l ess  prisms 
(benzene) (hexane) 

2 > 290 co lor less  prisms & 181-183 co lor less  p la tes  
(hexane) (hexane) 

a% 202-203 co lo r l ess  needles 215-217 co lor less  prisms 
(benzene/hexane) (methanollwater) 

Uk 206-208 co lor less  needles %A 244-245 co lor less  prisms 
(methanol/water) . (hexane) 

& 219-220 co lo r l ess  prisms 2l.t 169-171 co lo r l ess  prisms 
(hexane) (methanol/water) 

212-213 pale ye l l ow  prisms 

(methanol/water) 

a)  The micro analyses fo r  a l l  products were i n  sa t is fac tory  agreement w i t h  the ca lcu la ted values 

(C f 0.30, H f 0.30, N i 0 . 3 0 ) .  b )  Uncorrected. 
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di-t-b~tyl-2-hydroxyphenyl)-(2&)~~'~~ and I-(3,5-di-t-butyl-4-hydroxyphenyl)benzimidarole (a) 17 

were obtained i n  50% and 6% y i e l d s ,  respect ive ly .  The react ion  w i t h  2-methylbenzimidazole (%) 

gave 1- (3 ,5-d i - t -bu ty l -2 -hydro~pheny l ) -2 -methy lbenz imidaz0 le  ( m ) I 8  i n  23% y i e l d  bu t  not the 

expected m. 
The s t ruc tures  o f  the products a, x, 2, a, and a were confirmed by means o f  t h e i r  elemental 

analyses and spect ra l  data. The mel t ing  po in ts  and appearances o f  the main products obtained are 

summarized i n  Table 2. 

As mn t i oned  above, the d i f f e r e n t  type o f  imidazoles sometimes gave d i f f e r e n t  type o f  the products. 

Unfortunately, i t  i s  s t i l l  obscure why such d i f fe rent  r e s u l t s  are obtained. 
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8. &: I R  (KBr):  vmax = 1670, 1645 cm-l. 'H-nmr (CDC13): 6 1.05 (9H, s ) ,  1.30 (18H, s ) ,  4.24 

(3H, s ) ,  7.08 (ZH, s ) ,  7.45 (1H.d .d .  J = 1 . 8 a n d 2 . 2 H z ) .  7.72 ( 1 H . d . d .  J =  l . O a n d Z . Z H r ) ,  
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(3H, s ) ,  7.20 (2H, s), 7.84-7.94 ( IH, m), 8.32-8.42 ( lH, m), 10.00 ( lH, e). 
a: IR (KBr):  vmax = 1670, 1645 cm-l. ' ~ - n m r  (CDC13): 6 1.07 (9H, s), 1.31 ( Ian,  s ) ,  4.28 

(3H, s), 7.08 (2H, s ) ,  7.44 ( lH, d.d, J = 1 .8  and 2.2 Hz), 7.68 ( lH ,  u, J = 1.0 and 2.2 Hz), 

11.10 ( lH,  u, J = 1.0 and 1.8 Hz). 

9. z: IR (KBr): vmax = 2700, 2580 cm-l. l ~ - n m r  (CDC13): 6 1.27, 1.40 (each 9H, s), 4.05 (3H, s), 

6.95 (lH, d, J Z 2 . 5 H z ) ,  7.23 ( lH,  s ) ,  7.27 ( IH, d, J Z 2 H z ) ,  7.40 (1H.d. J Z 2 . 5 H z ) ,  7.50 

( lH,  d, J = 2 Hz), 9.50 (IH, &: disappeared w i t h  D 2 0 )  'H-nmr (DMSO-d6): 6 1.26, 1.40 

(each9H, s ) ,  3.92 (3H, s), 7.22, 7.36 (each lH ,  d, J S 2 . 5 H z ) ,  7.80-7.90 (2H,m), 9.32 ( I n ,  

b r .s :  disappeared w i t h  D20). 9.40-9.52 ( lH, m). - 
Structure  2' might a l so  be considered f o r  the methyl imidazol in ium ch lo r i de  2. A c lear  d i s t i n c -  

t i o n  between s t ruc tures  2 and 2'  i s  not  poss ib le  on the basis o f  the present ly  ava i l ab le  data. 



2' 
1 m: IR (KBr ) :  vmax = 1670, 1650 cm- . l ~ - n m r  (CDC13): 6 1.00 (9H, s ) ,  1.28 (18H, s ) ,  7.00 

t 
(2H, s ) ,  7.09, 7.14 (each IH, d, J = 1 Hz), 7.69 ( lH,  br.s). Mass: m/e 328 ( M  1. 

m: IR  (KBr) :  vmax = 2780, 2550 cm-! l ~ - n m r  (CDC13): 6 1.29, 1.48 (each 9H, s ) ,  6.90 ( IH,  d, 

J = 2.5 Hz), 6.92, 7.03, 7.29 (each lH,  &), 7.37 ( l H ,  d, J = 2.5 Hz). Mass: mle 272 (M+). 

M. Tashi ro,  H. Yoshiya, and G. Fukata, submi t ted  i n  J .  Ors. Chem., R: c o l o r l e s s  o i l ,  bp. 112.5- 

113'C/2 mm. 

m: IR  (KBr) : vma, = 3440, 2630, 2490 cm-I. ' ~ - n m r  (CDC13) : 6 1.44 (18H, s ) ,  2.31 (3H, s )  , 

5.48 ( lH ,  Q: disappeared w i t h  D20), 6.94, 6.96 (each lH, d, J = 1 .5  Hz) ,  7.02 (2H, s ) .  

Mass: m/e 286 ( M ~ ) .  

&: 1R (KBr) :  vmax = 2680, 2550 cm- l .  ' ~ - n m r  (CDC13): 6 1.28, 1.49 (each 9H, s ) ,  2.06 (3H, d, 

J = 0 . 8  Hz), 6.65 ( lH ,  u, J = 0 . 8  and 1.2 Hz), 6.90 ( lH ,  d, J = 2.5 Hz) ,  7.10 ( l H ,  d, J = 

0 .8  Hz), 7.37 ( lH,  d, J = 2.5 Hz). 

1 J&: 1R (KBr) :  v,,, = 1670, 1645 cm- . ' ~ - n m r  (CDCI3): 6 0.99 (9H, s ) ,  1.27 (18H, s ) ,  2.23 

(3H, d, J = 0.8 Hz), 6.80 ( lH,  u, J = 0.8 and 1.2 Hz), 6.93 (2H, s) ,  7.52 ( lH ,  d, J = 1.2 Hz). 

Mass: mle 342 (M+) .  

&: I R  (KBr ) :  vmax = 2700, 2550 cm-I. ' ~ - n r n r  (CDC13): 6 1.29, 1.37 (each 9H, s ) ,  6.88, 7.47 

(each IH, d, J = 2.5 Hz), 7.09-7.27 (4H, m), 7.38-7.48 ( lH ,  m). Mass: m/e 322 ( M ~ ) .  

Q$: IR  (KBr) :  vmax = 3300 cm-l. ' ~ - n m r  (CDC13): 6 1.28 (18H, s ) ,  5.44 ( lH ,  br.s: disappeared 
t 

w i t h  D20), 7.24 (2H, s ) ,  7.22-7.30 (3H, m ) ,  7.80-7.90 (IH, m), 8.04 ( l H ,  s ) .  Mass: m/e 322 (M ) .  

a: i R  (KBr ) :  v,,, = 2670, 2550 cm- l .  ' ~ - n r n r  (CDC13): 6 1.29, 1.52 (each 9H, s ) ,  1.92 (3H, s ) ,  

6.80 ( lH,  d, J = 2.5 Hz), 7.02-7.29 (3H, m), 7.44 OH, d, J = 2.5 Hz), 7.43-7.52 ( IH ,  m). 

Mass: m/e 336 ( M ~ ) .  

Al though the  hydroxy p ro tons  o f  & a n d  & w e r e  n o t  observed i n  t h e  r e g i o n  o f  6 0-15 ppm, 

t h e i r  a c e t y l a t i o n s  w i t h  a c e t i c  anhydr ide under m i l d  c o n d i t i o n s  gave expected a c e t y l  d e r i v a t i v e s  

i n  q u a n t i t a t i v e  y i e l d s ,  r e s p e c t c t i v e l y .  
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