
SYNTHESIS AND ULTRAVIOLET SPECTRA 

OF SUBSTITUTED AMINOMETHYLENEQUINONES 

A. A. Voldkin, O. A. Pan'shin, 
G. D. Ostanets-Sveshnikova, and V. V. Ershov 

UDC 542.91 + 543.422.6+547.567 

I~ an e a r l i e r  report  [1] we  showed the theoret ica l  feas ib i l i ty  of obtaining substituted m e t h y l e n e -  
quinones containing an amino  group at the double b ond of the methy lene  group. Continuing this work,  we  
have  s y a t h e s i z e d  a number of c~ -a lky l (pheny l ) -a -d ia lky lamino-2 ,6 -d i - t er t -buty lmethy lenequ inones  (I)-(XIII) 
and studied the effect  of e l ec tron  react ion  of the amino group with the conjugated bonds of m e t h y l e n e -  
qu inone  this study was  based on the UV spec tra  of these  compounds.  The latter w e r e  synthes i zed  from the 
corresponding  a lkyl -subst i tuted  methylenequinones  by addition of  s econdary  amines ,  fol lowed by oxidation 
of a - a l k y l - 4 - h y d r o x y - 3 , 5 - d i - t e r t - b u t y l b e n z y l a m i n e s  with potass ium ferrocyanide  in alkali  ( s ee  s c h e m e  on 
p. 1533). 
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C H R  R - -  C H N R ' R "  R - -  C - -  N R ' R "  

~Ihe addition of amines  to o!-substi tuted 2 ,6 -d i - t e r t -bu ty lmethy lenequ inones  gives  good yields  
(Table 1) when the methylene  is  t rea ted  with the secondary  amine  in benzene.  Under these conditions 
aminomethyleneqninones  (I)-(XIII) a r e  fo rmed  with equal r ead iness ,  giving yields  up to 90% (Table 2). 
The s t r u c t u r e  of these  aminomethylenequinones  has been conf i rmed by the Ii~ spec t r a ,  which contain con- 
jugated carbonyl  bands in the range 1620-1650 cm -1 but no bands of s t e r i c a l l y  h indered phenolic hydroxyl  
(3640 cm-1). The s p e c t r a  of methylenequinones  (V), (VI), (VIII), (XI), and (XII) a l so  contain a 3060 cm -1 
band, c h a r a c t e r i s t i c  of the ethylene-imine ring. 

T~e wavelength of the absorp t ion  m a x i m u m  of methylenequinones (I)-(XIII) in the UV range  depends 
on the c h a r a c t e r  of the o!-subst i tuent  and its degree  of conjugation with the 7r-electrons of the me thy lene -  
quinone sys t em;  the phenomena obse rved  in the p re sen t  work  a r e  cons is tent  with the gene ra l  laws of the 
effect  o~f the m o l e c u l e ' s  degree  of conjugation on the c h a r a c t e r  and value of the d i sp lacemen t  of the m a x i -  
mum in the UV range  [2]. I f  the subst i tuent  is a d imethylamino,  piperidino,  morphol ino or N - m e t h y l -  
piperazJno group, the cor responding  methylenequinones have m a x i m a  in the na r row  range  375-380 m#, 
which co r r e sponds  to m a x i m m ~  conjugation of the f r ee  pa i r  of n i t rogen e lec t rons  in the ce-substituent 
f o r m s  pa r t  of, say,  the e thy lene- imine  ring, the e lec t ron  reac t ion  with the zr-electrons of the me thy lene -  
quinone will be somewhat  l e s s  and the m a x i m a  of such rnethylenequinones (V) and (VI) displaced towards  
the shor twaves  (see Table  2). Addition of the phenyl group as the second v!-subst i tuent  is accompanied  by 
ba thoehromic  d i sp lacemen t  of the absorp t ion  m a x i m u m  [el., for  example ,  (I) and (VII), and (V) and (VIII)]. 

I t  is known [3] that the degree  of conjugation of the f r ee  e lec t ron  pa i r  of n i t rogen with the v - e l e c -  
t rons  of a conjugated s y s t e m  is  l a rge ly  de te rmined  by s t e r i e  f ac to r s .  Owing to this,  an i nc r ea se  in the 
alkyl  subst i tuents  in the dialkylamino group is  accompanied  by a reduct ion in the conjugation of the f ree  
pa i r  of e lec t rons  of the amino g roup ' s  n i t rogen a tom with the 7r-electrons of methylenequinone.  In fact,  
in the case  of (IX) and (X) the m a x i m u m  is displaced towards  the shor twaves  and is  325 m#. The opposi te  
effect  we~s observed  when we compared  the s p e c t r a  of a - ( 2 , 2 - d i m e t h y l e t h y l e n e - i m i n o ) 2 , 6 - d i - t e r t - b u t y l -  
methyler~equinones (XI) and (XII) with those of (VI) and (VIII). The s t e r i c  effect  of the two methy l  groups 
should have reduced s t i l l  fu r the r  the degree  of conjugation of the f ree  e lec t ron  pa i r  of the e thy lene- imine  
r ing ' s  n i t rogen a tom with the methylenequinone sys tem;  however ,  in this case  the m a x i m u m  is displaced 
somewhat  towards  the longwaves,  which indicates  an i n c r e a s e  in the s y s t e m ' s  conjugation. This  is p r o b -  
ably due to the e thy lene- imine  r ing ' s  capaci ty  to propagate  conjugation, i .e. ,  in the given compound we 
evidently obse rve  the "hyperconjugat ion effect"  of the methylene  groups and the methylenequinone s y s t e m  
via  the e ;hy lene- imine  r ing.  A s i m i l a r  effect  has  a l r eady  been noted [4] in a number  of cyclopropane  
compounds,  

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

&-Alkyl(phenyl)-&-dialkylamino-2,6-di-tert-butylmethylenequinones 
(I) - (XIII). To a mix tu re  of 2 g of po tass ium fe r rocyan ide  and 2.5 g of KOH in 25 m l  of wa te r  was added 
(in a cu r ren t  of argon) a solution of 0.005 M of the cor responding  phenol in 25 m l  of benzene.  The m i x -  
ture  was s t i r r e d  for  30 rain at 40 ~ the organic  layer  separa ted ,  washed with wa te r ,  dr ied with CaC12, the 
solvent  dist i l led in vacuum and the res idue  c rys ta l l i zed  f rom hexane.  Table  2 gives the y ie lds ,  physica l  
constants  and ul t imate  ana lyses  of the compounds.  

4-1N,N-Dialkylaminomethyl)-2,6-di-tert-butylphenols (XIV)-(XVI) .  T o a s o l u -  
tion of '0.!) l  M of 4 - h y d r o x y - 3 , 5 - d i - t e r t - b u t y l b e n z y l  b romide  in 50 m l  of e the r  was added 0.02 M of the 
s e c o n d a r : / a m i n e  and 0.02 M of t r ie thyl  amine  in 2 ml  of e ther .  Af te r  30 rain the solution was t rea ted  with 
water ,  th~ ~. organic  layer  dr ied with MgSO4, the solvent  dist i l led and the r e s idue  c rys ta l l i zed  f rom hexane.  
Table  1 gives the yields ,  phys ica l  constants  and ul t imate  ana lyses  of the compounds.  

4 -  I ce-A l k y l -  ~ - d i a l k y a m i n o ) - m e  t h y ] -  2 , 6 -  d i - t e r t - b u t y l P h e n o l s  (XVII) - (XXII). 
To a ~ ! i o n  of ce-methyl (phenyl ) -2 ,6-d i - te r t -buty lmethylenequinone  in 50 ml  of hexane was added ().(~2 
M of the ~,~econdary amine .  Af ter  2 h the solvent  was dist i l led in vacuum and the r e s idue  c rys ta l l i zed  f rom 
hexane.  ~.?able 1 gives the yie lds ,  mel t ing  points and ul t imate  ana lyses  of the compounds.  
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CONCLUSIONS 

i. The authors have synthesized 4-~[~-alkyl(phenyl)-~-dialkylamino]methyl}-2,6-di-tert-butyl- 
phenols by reacting ~-methyl(phenyl)-2,6-di-tert-butylmethylenequinones with secondary amines. 

2. A number of ~-alkyl(phenyl)-~-dialkylamino-2,6-di-tert-butylmethylenequinones have been ob- 
tained by oxidizing the corresponding phenols with potassium ferroeyanide. 

3. The absorption maxima of ~-alkyl(phenyl)-~-dialkylamino-2,6-di-tert-butylmethylenequinones 
in the UV region depends on the character of the dialkylamino group and is related to the capacity of the 
free electron pair of the nitrogen atoms to participate in conjugation with the ~r-eleetrons of the methylene- 
quinone system. 
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