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It has  a l r e a d y  been shown [1] tha t  in the r eac t ion  of 3 , 6 - d i - t e r t - b u t y l - o - b e n z o q u i n o n e  (I) with HC1 in 
e the r ,  ins tead of the  e l ec t roph i l i c  1 , 4 - a d d i t i o n ,  usua l  fo r  qu inones ,  an o x i d a t i o n - r e d u c t i o n  p r o c e s s  takes  
p lace  with the fo rma t ion  of 3 , 6 - d i - t e r t - b u t y l p y r o c a t e c h o l  (II) and ch lor ine .  The unusual  c h a r a c t e r  of the r e -  
ac t ion of  (I) with HC1 induced us to s tudy  this r eac t i on  depending on the na tu re  of the acid (HC[, HCI -ZnC12 ,  
H C 1 - H 2 0 ,  H2SO 4, H2SO4-H20) and so lvent  (e ther ,  CH3OH, C2H5OH, hexane ,  benzene ,  CC14). F r o m  the data  
obtained we can conclude  that  the m o s t  impor tan t  s t age  in the t r a n s f o r m a t i o n  of (I) in acids  is the fo rma t ion  
of  a p ro tona ted  f o r m  of quinone,  which ,  depending on the c l o s e s t  env i ronmen t ,  can exhibit  the p r o p e r t i e s  of an 
oxidiz ing agent  o r  e l ec t roph i l e .  The r edox  p r o c e s s  in the ( I ) - H C l - e t h e r  s y s t e m  p robab ly  p roceeds  with p a r t i -  
c ipat ion of und i s soc ia t ed  f o r m  of HC1. An i n c r e a s e  in the d e g r e e  of d i s soc i a t i on  of the acid should i n c r e a s e  
the p robab i l i ty  of  the usua l  1 ,4 - add i t i on .  In fac t ,  in the ( I ) - H C 1 - Z n C 1 2 - e t h e r  s y s t e m ,  bes ides  the p y r o c a t e -  
chol  (II) (70%), a p roduc t  of  ionic 1 , 4 - a dd i t i on  of HC1 is f o r m e d ,  4 - c h l o r o - 3 , 6 - d i - t e r t - b u t y l p y r o e a t e c h o l  (III) 
(20~ 5 , 6 - D i c h l o r o - 3 - t e r t - b u t y l p y r o e a t e c h o l  ( IV)was  a l so  isola ted in a y ie ld  of  7%, which a c c o r d i n g  to the  
l i t e r a t u r e  data  [2], is f o rmed  du r ing  an e lec t roph i l i c  ha logena t ion  of (II). The ove ra l l  yield of  (II) and (IV) and 
the yield  of (III) c h a r a c t e r i z e  the  r e l a t i v e  cont r ibu t ion  of  the two poss ib le  paths of t r a n s f o r m a t i o n  of (I) in the 
H C 1 - Z n C 1 2 - e t h e r  s y s t e m .  
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H e r e  and below R = C(CH3)3. 

The r eac t i on  of (I) with c onc e n t r a t e d  H2SO4 in e the r  leads  to (II). In this c a s e  the pro tonated  f o r m  of 
(I) should t r a n s f o r m  into (II) as the r e s u l t  of  hyd r ide  spl i t t ing  f r o m  the molecu le  of the so lvent .  Examples  

of such  ionic hydrogena t ion  of  quinones  a r e  known [3]. 

The in t roduct ion  of a me thoxy  group  (quinone (V)) changes  the c h a r a c t e r  of the r eac t i on  of the quinone 
with HC1 in e the r .  The p r e s e n c e  in (V) of a c en t e r  of  a compe t ing  O-pro tona t ion  d e c r e a s e s  the concen t r a t ion  
of the f o r m  pro tona ted  at the c a r b o n y l  g roup ,  whose  oxidat ion potent ia l  is lowered  by the ac t ion of the  me thcxy  
subs t i tuent .  In this  c a s e ,  the  1 , 4 - a d d i t i o n  of HC1 and hydro ly t i c  spl i t t ing  of the me thoxy  g roup  take  p lace .  
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The reactions of (I) with acids in hydroxy-containing solvents (CH3OH, C2HsOH, binary mixture CH3OH- 

H20 ) proceed exclusively as the stepwise addition of a proton and the nucleophilic part of the solvent molecule. 

The reaction of (I) with HCI and H 2 SO 4 in aqueous methanol lead s to the formation of 2,5-di-tert-butyl-6-hydr oxy-p- 

benzoquinone (VI) and (If) in an equimolar ratio 
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Pyrocatechol (VIII) (or its tautomeric form), formed as the result of the 1,4-addition of water, takes part in 

the oxidation-reduction reaction with the initial (1) to form (If) and (IV). 

In the reaction of (1) with CH3OH-H2SO4, 4-methoxy-3,6-di-tert-butylpyrocatechol (IX) is formed. Be- 
cause of the presence of traces of water in the system, (If) and (VI) are also formed in a low yield. The re- 
action of (1) with CH3OH-HCI does not stop at the stage of the formation of (IX), which can be isolated only if 
special precautions are observed. Under these conditions, (IX) splits off the tert-butyl group, and converts 

into methoxy-mono-tert-butylcatechol (X) 
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The results obtained for the (I) -HX-CH3OH system can be interpreted by the concepts of hard and soft 
acids and bases. The preliminarily formed (IX) can undergo a competing O- and C-protonation; the O-proto- 
nation with the formation of an oxonium ion (hard cation) is preferred at X = HSO~- (hard anion). The softer 

CI- favors the formation of a soft cation (the C-protonated form - the arenonium ion (XI)) 
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For ion (XI), not only the reversible deprotonation, but also the irreversible splitting of the tert-butyl cation 
is possible (soft acid, splitting is most favorable at X = C1-). 

On the transition from methanol to the more basic ethanol, no fragmentation of (IX) is observed. In the 
C2HsOH-HX-pyrocatechol system, compound (IX) is stable irrespective of the nature of the solvent, which 
shows that the debutylation process is sensitive to the basicity of the solvent used. 

The reaction of (1) with acids in nonsolvated and weakly solvated media has several characteristic fea- 
tures. In system (1)-HCl-hexane, the reversible formation of a complex of (1) with_ HCI, leading to the dis- 
appearance of the quinone color, is possible. The decoloration of the solution is not related to any chemical 
reaction, and (I) is completely regenerated after removal of the solvent. But prolonged passing of HCI through 
a solution of (I) in hexane leads to the formation of products of the oxidation-reduction reaction (II) and (Ill). 
In this case, the formation of (III) is probably the result of an intercellular recombination of the radical pair 
formed during the redox process and not due to the ionic 1,4-addition of HCI. It is clear that in the absence 
of  so lva t i on ,  the d e g r e e  of  p robab i l i ty  of  such a r e c o m b i n a t i o n  i n c r e a s e s .  The r e a c t i o n  of (I) with HC1 in benzene  and 
CC14 p r o c e e d s  s i m i l a r l y .  The o x i d a t i o n - r e d u c t i o n  t r a n s f o r m a t i o n s  of  (I) in benzene  o r  CC14 a l so  p roceed  
in the p r e s e n c e  of  H2SOt, as indicated by the p r e s e n c e  of  (II) in the r e a c t i o n  p roduc t s .  

The above d i s c u s s e d  r eac t i ons  a r e  s t r i c t l y  spec i f i c  fo r  o-quinone  (I), its ana logs  3, 5 - d i - t e r t - b u t y l - o -  
benzoquinone  (XII) and 5, 6 - d i b r o m o - 3 - t e r t - b u t y l - o - b e n z o q u i n o n e  (XIII) cannot  unde rgo  ac id - in i t i a t ed  ox ida t ion-  
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reduction transformations. The 1,4-addition reactions are characteristic of quinones (XII) and (XIII). 

system (XIII)-H2SO4-benzene, p-quinones (XIV) and (XV) are formed 
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All the data obtained indicate that symmetric steric screening of the carbonyl groups of o-quinone is 

manifested in the characteristic features of its chemical behavior. 

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

Reactions of (I) with HC1. A cur ren t  of dry  HC1 was passed through a solution of (I) (5- 10 -3 M) in 50 ml 
of the corresponding solvent to decolorat ion.  The react ion mixture was analyzed by TLC on Silufol UV-254. 
The react ion products were isolated by fractional  crysta l l izat ion of the residue after  evaporation of the solvent 
and in severa l  cases  by prepara t ive  TLC. 

a) ( I ) - H C l - e t h e r .  Pyrocatechol  (II) was isolated in a yield of 96%; mp 96-97~ (from hexane); comp. 

[4]. 

b) ( I ) - H C 1 - Z n C l 2 - e t h e r .  Anhydrous ZnC12 (10 -2 M) was used. Pyroeatechols  (II), (III), and (IV) were 
isolated by preparat ive  parti t ion chromatography  on Silufol in the h e x a n e - e t h e r  sys tem (6:1) in yields of 70, 
20, and 7%, respec t ive ly  [Rf (II) 0.45; Rf (III) 0.35; Rf (IV) 0.2]. Compounds (III) and (IV) were converted by 
the action of Ag20 in benzene into quinones. 4 -Chloro-3 ,6-d i - te r t -bu ty lqu inone :  mp 50-51~ U V spectrum: 
Xmax 390 nm (e 2215) and kma x 580 nm (e 69.3). Found: C 66.40; H 7.65%. C14H1902C1. Calculated: C 66.14; 
H 7.48%. 5 ,6-Dichloro-3- te r t -buty lquinone:  mp 108-109~ UV spectrum: Xma x 416 nm (A 2215) and kma x 
580nm (e 36.8). Found: C 51.52; H4.41%.  C10H1002C12. Calculated: C 51.50; H4.29%. 

e) ( I)-HC1-CH3OH. Pyrocatechol  (X) was isolated in a yield of 69%, mp 96-97~ (from hexane). Found: 
C 67.38; H 8.06%. CllH1603. Calculated C 67.35; H 8.16%. UV spectrum: Xma x 290 nm (e 1580). PMR 

spec t rum (5, ppm): 1.36 s (9H), 3.66 s (3H), 5.09 d (2H), 61.7 and 6.29 d.d.  (2H, J = 3 Hz). Compound (IX) 
was identified by TLC. When the t ime of passing HCI was shortened and the mixture was cooled to 5~ (IX) 
could be isolated on a preparat ive  scale  in a yield of 20%. 

d) (I) - H C l - h e x a n e .  A cur ren t  of HC1 was passed through the solution of (I) in hexane for 12 h; yield 

of (II) 77%, of (III) 15%. 

(V) - H C 1 -  Ether.  Hydroxyquinone (VI) and hydroxychloroquinone {VII) were separated by TLC on Silufol 
UV 254 in the h e x a n e - e t h e r  (5:1) sys tem.  Compound (VI), yield 36%; mp 83-84~ {from hexane). Found: C 
71.00;H 8.57%. Ci4H2003. Calculated: C 71.15; H 8.53%. PMR spect rum (5, ppm): 1 .25d  (18 H), 6.3 s (1 H), 
7.55 s (1 H). Compound (VII), yield 52%; mp 175-176~ (hexane-CHC13). Found: C 62.07; H 7.07%. Ci4H1903C1. 

Calculated: C 62.09; H 7.07%. 

Reactions of (I) with H2SO 4. To a solution of (I) (5.10 -3 M) in 50 ml of the corresponding solvent,  1 ml 
of concentrated H2SO 4 was added. After  decolorat ion,  the react ion mixture was washed several  t imes with 
water ,  and dried over  MgSQ. The solvent was removed,  and the products were extracted f rom the residue 
by fractional crys ta l l iza t ion,  or  partit ion by the TLC method. 

a) ( I ) -H2SO4-ether .  Compound (II) was isolated in a yield of 89%. 

b) (I)-H2SO4-CH3OH. Compound (IX) was isolated in a yield of 70%; mp 130-131~ (from hexane). 
Found: C 71.31; H 9.54%. Ci5H2403. Calculated: C 71.43; H 9.58%. UV spectrum: kma x 288 nm (e 2280). By 
oxidation with Ag20 in benzene,  (IX) was converted into quinone (V), identical with an authentic sample.  Com- 
pounds (II) and (VI) were  isolated in a yield of 7%. 

c) (I)-H2SO 4-hexane .  Compound (II) and its i somerizat ion and dealkylation products:  3 , 5 -d i - t e r t - bu ty l -  
pyrocatechol ,  3- and 4- te r t -bu ty lpyroca techo ls ,  and the unsubstituted pyrocatechol were detected and identified 

by the TLC method, with standardizat ion on Silufol. 

d) (I)-H2SO4-CC14. Products  s imi la r  to those formed in hexane were obtained. 
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e) (I)-H2SO 4-benzene. First, (If) and all its isomerization and dealkylation products are formed. Se- 

ven hours after mixing of the reagents, (II) and other alkylpyrocatechois disappear from the reaction mixture. 

p-Di-tert-butylenzene was isolated from the reaction mixture. 

(I)-H~SO4(HCl)-H20-CH3OH. A standard ratio between the reagents, and 5 ml of water are used. The 

composition of the reaction mixture was analyzed by TLC, with standardization. The products were separated 
after oxidation of (If) into (1); compounds (I) and (VI) were isolated in the same yield (42%), and identified by 
comparison with authentic samples. 

CONCLUSIONS 

In the reaction of 3,6-di-tert-butyl-o-benzoquinone with acids in different media, the protonated form 
of the quinone can exhibit the properties of an oxidizing agent or an electrophile, depending on the nature of 
the acid and solvent. 
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