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It is now established that the oxidation of tri- 
substituted phenols having bulky ortho substituents 
may produce phenoxy radicals of considerable 
stability.' As the reactions of such phenoxy 
radicals vary with the para substituent, it was 
of interest to prepare a series of 2,G-di-t-butyl- 
phenols having a variety of substitueiits in the 4- 
position aiid to study their behavior in the various 
reactions typical of phenoxy radicals (Equations 
1-3). 
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Specific compounds are designated throughout 
the text by symbols after the number, indicating 
the nature of R. Substituents considered are 
phenyl, triphenylmethyl, benzhydryl, chloro, 
bromo, nitro, cyano, benzoyl, acetyl, cu-methoxy- 
ethyl, and t-butyl. 

- 
(1) For leading references see (a) C. D. Cook and B. E. 

Yorcross, J. A m .  Chem. SOC. 81, 1176 (1959); and ( b )  E. 
Muller, A. Shirk, and K. Srheffler, Rer. 92,474 (1959). 

As evidenced by the formation of an intense 
color on oxidation of the appropriate phenols with 
an alkaline ferricyanide solution and by subsequent 
reactions, the folloxying radicals were of a t  least 
moderate stability (ie., capable of existence for at 
least a few minutes a t  room temperature) : 11- 
C6H5 (yiolet), II-(C6H5),C (green), II-(C6H,)&H 
(blue), 11-CS (blue), II-CGH5CO (blue), II- 
CH&O (blue), and JI-CH(CH,)OCH, (blue).2 

Radicals II-C6H5, II-(C&)3C, 11-C?;, II-Ce- 
&CO, and 11-CH3C0 underwent reaction with 
oxygen much less readily than does 2,4,G-tri-t- 
butylphe~ioxy~ (II-t-C4Hy), the rates, as judged by 
loss of radical color, being in the order 11-C~H5 > 

acted with oxygen at not more than one tenth the 
rate of II-t-C4Hy, and 11-CX at  not more than one 
hundredth the rate of 11-t-C4Hy. Acceptable yields 
of peroxides III-C6H, and IT'-C6H5C0 were ob- 
tained from the corresponding radicals. Radical 
II-(C&) 3C gave an unidentified product which 
either was not R peroxide of type 111 or IT or which 
had a unique mode of decomposition as it did not 
initiate polymerization of acrylonitrile. The lowered 
reactivity of these radicals toward oxygen may be 
due to the increased opportunities for resonance 
stabilizations in the cases of II-CsH5, JI-CS, and 
II-C6H5C0 or in part to a lowered electron density 
on the para carbon. In this respect it is interesting 
to note that room temperature treatment of the 
silver salt of tribromophenol with benzene con- 
taining a trace of iodine, warming the salt with 
benzene, or treatment of 2,4,4,6-tetrabromo-2,5- 

II-(C&5)3 > II-CF,H~CO > II-cS. II-CsH5 re- 

( 2 )  Since the completion of this work Aluller and co-n-ork- 
ers have published rather complete descriptions of radicals 
I I - C E H ~ ' ~  and II-CS3a83b and have very briefly mentioned 
radicals II-ICsH5)3C4a and II-C,&CO."J Rndical 11-CeHi 
was first reported5 in connection with an EhIR Ptitdy ))ut 
its chemistry WLS not, defined at that time. Rcwtioiis which 
almost certainly must, involve radical II-CsH, have :ilso lieeii 
reported recently but the radical ~ r a s  not olxwrvcti directly.6 

(3) (a )  K. Ley, IC. Scheffler, A. Rieker, and E. LIiiller 
Z. Saturjorsch. 13b, 460 (19%). 

(3)  ( b )  E. Miiller, A. Rieker, K. Ley, R. LIayer, and K. 
Scheffler, Be?. 92,22T8 (1959). 
(4) (a )  E. Miillei-, R. ?\layer, and K. Ley, d n g e w .  Cheni. 

7 6 , 7 3  (1958). 
(4) ( b )  E. hliiller. K. Lev. IC. Srheffler. and R. LIarer, . _  " ,  

Ber. 91,268" (1058). 
(5) J. E. Wertz, C. F. Iioelsch, and J. I,. 1-ivo, J .  Chem. 

Phys. 23,2194 (1955). 
(6) W. R. Hatchard, R. G. Lipscomb, and F. TT'. Stacy, 

J .  A m .  Chem. Soc. 80, 3t jX  (1958). 
(7) C. D. Cook and I ? .  G .  Woodworth, J .  A m .  Chem. 

SOC. 75,6242 (1953). 
(8) See G. 11. Coppinger, J .  Am. Cheni. SOC. 79, 501 

(1057); K. IXmroth, F. Iialk, and G. Seulmuer, Ber. 90, 
2058 (1957); aiid ref. I O .  
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cyclohexadiene-1-one with mercury yields a bril- 
liant blue solution which over a period of an hour 
or so yields a polymeric (See Eqs. 4 
and 5.)  Saturation of such solutions, which presum- 
ably contain the 2,4,6-tribromophenoxy radical, 
with oxygen does not produce a peroxide; nor is 
there any apparent diminution of the intensity of 
the blue color. Apparently the tribromophenoxy 
radical is also relatively unreactive toward oxygen. 
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The phenoxy radicals II-(CsH&CH and II- 
CH(CH3)0CH3 underwent fairly rapid further 
oxidation either by disproportionation or with 
excess alkaline ferricyanide. Radical II-(CGH6) &H 
gave the expected'" compound, 2,6-di-t-butyl-4- 
benzhydrylidine-2,5-cyclohexadiene-l-one (see Eq. 
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(9) Unpublished work with John A. Eberwein. 
(10) See W. H. Hunter, A. 0. Olson, and E. A. Daniels, 

J .  Am. Chem. SOC. 38, 1761 (1916); W. H. Hunter and G. 
H. Woolett, J .  Am. Chem. SOC. 43, 131 (1921). 

(11) G. Staffin and C. C. Price have obtained similar 
polymers from 2,6-dimethyl-4-bromophenoxy. Rubber Wo-rld 
139, 408 (1958). See also A. S. Hays, H. S. Blanchard, G. F. 
Endres. J .  W. Eustance, J .  Am. Chem. SOC. 81,6335 (1959). 

6 ) ,  and II-CH(CH%)OCH3 gave 2,6-di-t-butyl-4- 
acetylphenol (I-CH3CO), presumably by way of 
hydration of an intermediate quinonemethide and 
subsequent cleavage of the hemi ketal (Eq. 7). 
Further oxidation of I-CH3C0 produced a fairly 
stable phenoxy radical, II-CH3CO. 

Alkaline ferricyanide oxidation of the p-chloro 
(I-C1) and p-bromo (I-Br) phenols gave dimeric 
products, V-C1 and TT-Br, presumably by way of 
radicals 11-C1 and 11-Br. l2  The ultraviolet spectrum 
of Y-Cl was almost identical with 1,l'-dihydro- 
3,5,3'5' - tetra - t - butyl - 2,5,2'5' - biscyclo- 
hexadiene-4,4'-one (V, R = H) produced from 2,6- 
di-t-butylphenol by Kharasch and Joshi.I3 Com- 
pound V-Br was an ill-defined, impure solid which 
evolved bromine on standing a t  room temperature, 
on warming, or on solution in ethanol, to produce 
the corresponding diphenoquinone (VI). Shaking 
either V-C1 or V-Br with mercury also gave VI. 
In  view of the reversibility of the addition of bro- 
mine to 2,4,6-tri-t-butylphenoxy (II-t-C4&)' these 
reactions are not surprising. Muller* has recently 
prepared the same compounds (V-C1 and V-Br) 
by oxidation of I-C1 and I-Br with 11-t-CdHg, 
and reports identical behavior. 

Oxidation of the p-nitrophenol (I-NOz) with 
alkaline ferricyanide yields directly the dipheno- 
quinone T71. This result is reminiscent of the loss 
of a carboxyl group on oxidation of 3,5-di-t-butyl- 
4-hydroxy benzoic acid.'* The ready reversibility of 
addition of nitrogen dioxide to  II-t-C4Hg7 makes a 
dimer of type T- a very reasonable intermediate. 
However, all attempts to isolate such a product 
failed. 

EXPERIMENTAL 

A. Preparation of the phenols. Phenols I -CCH~, '~  I-Cl,Ie 
I-Br," and I-CN" were prepared by known methods and 
had the properties cited in the original literature. Com- 
pound I-XOZ was kindly supplied by H. Shapiro of the Ethyl 
Corporation, recrystallized from ethanol, m.p. 153-154'. 

b,,-Di-t-butyl-4-triphenyZme~hy~~heno~ (I-( CSHb)&). A solu- 
tion of 20.6 g. (0.01 mole) of 2,6-di-t-butylphenol and 26.0 g. 
(0.01 mole) of triphenylcarbinol in 75 ml. of glacial acetic 
acid was treated with 5 ml. of concd. sulfuric acid a t  room 
temperature. After 5 hr. the crystals were filtered, washed 
with water, and recrystallized from ethanol to give 22 g. 
(50%) of colorless crystals, m.p. 179.5-180'; A,,, 284 in@; 
tmSx 2650 (cyclohexane). 

Anal. Calcd. for C33H3~0: C, 88.15; H, 8.07. Found: C, 
88.41; H, 8.09. 

b,6-Di-t-bulyZ-4-diphenyZme~h~~~heno~ (I-( CCH~)&H)--. A 
solution of 4.0 g. (0.02 mole) of 2,6-di-t-butylphenol and 3.6 

(12) For evidence of the transient existence of a similar, 
reactive phenoxy radical, 2,6-di-t-butylphenoxy, see E. 
Muller, K. Ley, and G. Schlehte, Ber. 91, 2670 (1958). 

(13) M. S. Kharasch and B. S. Joshi, J. Ora. Chem. 22, 
1435,1439 (1957). 

(141 C. D. Cook. E. S. Enelish. and B. J .  Wilson. J .  Ora. 
I I  

Chem: 23,755 (1958). 

J .  Am. Chem. SOC, 67,303 (1945). 

3179 (1951). 

(15) G. H. Stillson, D. W. Sxwver, and C. K. Hunt, 

(16) H. Hart  and F. A. Cassis, J .  Ana. Chena. SOC. 73, 

(17) L. A. Cohen, J .  Org. Ch.em. 2 2 ,  1333 (1957). 
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g. (0.02 mole) of benzhydrol in 50 ml. of glacial acetic acid 
was treated with 2.5 ml. of coned. sulfuric acid at room 
temperature. !ifter 3 hr. the resulting crystals were filtered, 
washed with water, and recrystallized from n-hexane to 
give 7.5 g. (-100%) of colorless crystals, m.p. 134-134.5', 
Amax 284 mp; emax 2980. 

1,6-Di-butyl-4-benzoylphenol (I-CdI&O)-. Aluminum 
chloride, 13.3 g. (0.1 mole), was added to 40 ml. (0.43 mole) 
of freshly distilled benzoyl chloride and the flask swirled 
iintil complex formation seemed to he complete. Using an 
ice bath to keep t.he temllerature below 25", 20.6 g. (0.1 
mole) of S,6-cIi-f-l~iitylphe1iol was slowly added. The mixture 
was allowed to  stand for an hour in an ice bath, then taken 
iip in benzene, and washed with 4M sodium hydroxide. 
Evaporation of the benzene and recrystallization from 
petroleum ether (b.p. 9O-l2O0) gave 17 g. (55%) of white 
crystals, m.p. 124-125". A mixture melting point with an 
:authentic specimen's gave no depression. 

2,6-Di-t-butyG~-acetylphenol (I-CH3CO)-. A t  O', 3.5 g. 
(0.25 mole) of aluminum chloride was added to 25 ml. of 
acetyl chloride and, when solution was complete, 4.12 g. 
(0.02 mole) of 2,6-di-t-butylphenol was slowly added. After 
,45 minutes the mixture was poured into diluted hydrochloric 
: r id  containing cracked ice and then extracted with n- 
hexane. Evaporation of the excess hexane gave 3.2 g. (70%) 
of  white crystals, m.p. 145-148", recrystallized from n,- 
hexane, m.p. 147-148'. 

Anal .  Chlcd. for CI~H2402: C, 77.37; H, 9.74; RIW, 248.35; 
Found: C, 77.39; H, 9.87; MW, 255 (cryoscopic, benzene). 

2,6-Di-t-but yl+( a-methoxyethy1)phenol (I-CH( CH3)OCH3) 
was prepared by the addition of methanol to 2,6di-t-butyl- 
.L-ethylidene-2,5-cyclohexsdiene-l-one according to the 
method of Cook and Norcross.1a The material was ob- 
tained in essentially quantitative yields, m.p. 105-105.5' 
after recrystallization from acetonitrile-water solutions. 

Anal .  Calcd. for C17H2802: C, 77.22; H, 10.62; MW. 
264.39; Found: C, 77.56; H, 10.18; MW, 261 (cryoscopic, 
henzene). 

B. Preparation of peroxides. The peroxides were prepared 
h y  oxidizing the phenols with a twofold excess of alkaline 
potassium ferricyanide solution in oxygen-saturated ben- 
zene.? 

Bis( 1,5-di-t-butyl-S-benzoyl-b,Q-cyclohexadiene-6-one) per- 
oxide (IV-C&,CO)--. Two grams of I-CBH~CO gave 0.22 
g. (8%) of the above peroxide, m.p. 132-134' dec. after re- 
crystallization from ethyl acetate. 

A n d .  Calcd. for C&&,: C, 77.51; H, 7.74. Found: 
(2: 77.70; H, 7.68. 

The ultraviolet spectrum A,,, 262 mp, emax 23,000; 
A,,, 317 mp, emax 5000 (cyclohexane) indicates that this 
peroxide has the structure IV-CaHsCO.lg When 0.1% of the 
peroxide was added to acrylonitrile and the solution warmed 
to 70' under a nitrogen atmosphere, polymer started to pre- 
cipitate within 2 min. 

Bis(S,6-di-t-butyG1-pheny1-1,6-cyclohexadiene-~-one) per- 
oxide (III-(C&)3C)-. Oxidation of 2 g. of I-c615 for 8 
hr. gave 1.8 g. (87y0) of light yellow crystals, m.p. 145-147' 
dec. after recrystallization from acetonitrile; reported, lb 

m.p. 146-148' dec. 
C. Preparation of dimers. A mixture of 10 g. of potassium 

ferricyanide, 2 g. of potassium hydroxide, 75 ml. of water, 
and 50 ml. of benzene was placed in a flask and flushed 
with oxygen-free nitrogen. A solution of 0.01 to 0.02 mole 
of the appropriate phenol (I-Cl, I-Br, I-NO?) in 25 ml. of 
benzene was rapidly added and the mixture vigorously 
stirred for 2 to 5 min. The solutions were separated and the 
benzene layer dried and taken to dryness in a rotary vacuum 
drier. 

1,l '-Dichlor0-3,6,S'.5'-tetra-t-butyl-bis-2~ 2',6,5'-cyclohexa- 

(18) T. H. Coffield, A. H. Filbey, G. C. Ecke, and A. J. 

(19) A. F. Bickel and E. C. Kooyman, J .  Chem. Soc. 3211 
Kolka, J .  Am. Chem. Soc. 79, 5023 (1957). 

(1953) 

dzene-4,Q'-one (V-C1)--. Oxidation of 2.6 g. (0.01 mole) 
of I-C1 as above gave 2.09 g. (7701,) of the above dimer 
V-Cl, recrystallized from ethyl acetate to m.p. 148.5- 
150'; reported,12 m.p. 150-151'; A,,, 242 mfi, emsx 16,600 
(cyclohexane). *o 

Anal.  Calcd. for C28H4002Cll: C, 70.13; HI 8.41; C1, 14.79; 
MW, 479.51; Found: C, 70.48; H, 8.49; C1, 14.75; MW, 482 
(cryoscopic, benzene). Attempted recrystallization from 
ethanol or shaking a benzene solution with mercury gave 
quantitative yields of diphenoquinone (VI) as identified by 
comparison of ultraviolet spectra and mixtiirp melting 
points with an authentic ~pecimen.1~ 

Oxidation of 2.85 g. (0.01 mole) of I-Br as above gave 2.3 
g. (81 %) of impure yellow crystals which decomposed over a 
wide temperature range (110' up) and which decomposed 
on standing, on solution in polar solvents, or on shaking in 
benzene with mercury to give the diphenoquinone VI. The 
material showed an ultraviolet max a t  242 mp, B~~~ = 
-25,000 and gave a molecular weight (cryoscopic, benzene) 
of 538. Calculated for V-Br, 570.6. 

Very rapid oxidation of I-NO2 with limiting amounts of 
ferricyanide gave only the diphenoquinone VI and unchanged 
I-NOz. Use of excess ferricyanide led to quantitative yields 
of VI. 

D. Other oxidataons. 2,6-Di-t-butyl-,&benzhydrylidine-2,6- 
cyclohexadiene-l-one-. A solution of 3 g. (0.08 mole) of 
I-(C&)2CH in 25 ml. of benzene was stirred with 20 g. 
(0.06 mole) of potassium ferricyanide and 10 g. (0.25 mole) 
of sodium hydroxide in 100 ml. water. The solution turned 
brilliant blue and gradually faded to deep orange. Removal 
of the benzene and recrystallization of the residue gave 2.6 
g. (87%) of orange crystals, m.p. 178.5-179', X,,, 261 mp. 
emllT 16,700 (cyclohexane). 

Anal.  Calcd. for C2TH300: C, 87.30; H, 8.15. Found: C, 
87.40; H, 8.10. 

Oxidation of 1,6-di-t-butyl-4-methylmethoxymethylphm0~ 
( I -CH(CH3)0CH3)  to 2,6-di-t-butyl-Q-acety/phenol (1- 
CHaCO)-. A solution of 730 mg. (0.0027 mole) of I-CH- 
(CH,)OCH? in 20 ml. benzene was oxidized with a solution 
of 5 g. (0.011 mole) potassium ferricyanide and 1 g. (0.025 
mole) of sodium hydroxide in 25 ml. of water. The layers were 
separated and the benzene layer was washed with water 
and dried over sodium sulfate. After removal of the benzene 
140 mg. (20'300) of product was obtained, m.p. 144-147'. 
Mixed melting point and infrared spectrum showed the 
sample to be identical with I-CHICO. 
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(20) Reported for V, R = H, X,, 242 mp, emax = 15,000 
ref. 13. 
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Edwards, Evans, and Watson' carried out an 
electrometric study on dilute aqueous solutions of 

(1) E. G. Edwards, D. P. Evans, and H. B. Watson, J. 
Chem. Soe., 1942 (1937). 




