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MGpwLEloE cyclohexsdienones, or quinone methides, e.g., the 

simplest member II, are of considerable theoretical interest in the ssme 

context with benzoquinone (I) and p-xylylene lj2 (III). 
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Therefore, they have been the subject of nwnerous investigations and 

discussions extending over many year~.~ Certain substituted methides, 

1 M. Diatkina and J. Syrkin, Acta Physicochim. URSS 21, 23, 921 (1946); 
C. A. Couleon, D. P. Craig,wMsccoll,, Discuss. 

2 36 (1947); A. Pullman, c. Berthier, and B. Pullman, 
'&iZ'Frsnce & 450 (1948). 

2 L. A. Errede and M. Szwarc, Quart. Revs. 12, 301 (1958). = 

3 See R. W. b¶artin The Chaistry of Phenolic Resins, p. 139, Wiley, N. Y. 
(1956); and K. ,tzech, chemie aer Phenolhane, P. 63, Springer, 
Berlin (1950). 
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such as lo-methylene anthrone, 4 are well-authenticated ccatpounds. With 

fewer aubstituents on the ring, the methides became much less stable, 

and attwts to Isolate the simpler ones, such 8s the 2,6_dimethyl 

canpound, have led only to dlmeric products.5 With the 2,6-&l-t-butyl 

campound, stableproductshave resultedodlyvfrenthemcthyleneg~Ms 

further subrtituted.6 lIlre recently reported o-quinone methIde,7 was 

unstable even at high dilution at rocm temperature. 

By the general spectroscopic approach employed previously In 

the study of ~~IK)~,5]OCta-l,bdiene-fone (IV),8 it has been possible 

to study the preparation aud behavior of the relatively elmple and quite 

unstable qulnone methides in dilute solution. The results obtained are 

very Instructive, aud we prereut scme of them In the present ccmmnication. 

l&have observedthatdilute solutions of qulnonemethideemy 

be prepared frm either the correnponding benzyl hall& or the parent 

phenol. !Chue, 2,~~thyl-~~Kthylene-2,5-cyclah~enone (VI) is 

obtained in low5 to 10'3 M solution fran treatment of a hydrocarbon 

solution of 3,5-dlmethyl-4-hydroxybeuzyl chloride (Va) with a base, such 

astriethylemine. Analogously, 2,6-dl-t-butyl-4-methylene-2,5-cyclo- 

hexadienoue~be obtained fKm the appropriatebenzylbranide.9 

E.g., H. Hem ad L. Troubridgc, J. Am. Chmi. &c. E, 84 (1950). 
- 

K. Fries end E. Brandes, Auu. 542, 48 (1939); H. vou Kuler, E. Adler, 
J. 0. Cedwall, aud 0. ~~~v.Kea.Idineral Geol. l&A, Ho. 11 
(1942). 

C. D. Cook ad B. E. Norcross, J. Am. mm. Sot. a 3797 (1956). 
g. 8&, 1.176 (1959). 

P. D. Gardner, H. garraflmdeh R., and R. LO 
(1959). 

Bran&m, g. 8l& 5515 

s. winstein ad R. Bald, E. & 756, 4238 (1957). 

C. D. Cook, 11. 0. Nash, and H. R. FJAMgau, E. a 1783 (1955). 
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Alternatively, the quinone methide VI was obtained by shaking a solution 

of mesitol with silver oxide. Analogously, the 2,6-di-t-butyl analog was 

obtained fran oxidation of the parent phenol with lead dioxide. 

@O-H 
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A820 t+ 
pbo2 0-H 

CH3 

quinone methides by oxidation of the corre- 

sponding phenols presumably proceeds through aryloxy radicals, e.g., VII. 

In reporting on the behavior of such radicals, Cook and Norcross have 

described a second order disproportionation of the 2,6-di-t-butyl-4- 

isopropylphenoxy radical to the corresponding phenol and quinone methide. 

On the other hand, Bennett" has reported first order decay of the 

corresponding 4-methylsnd4-ethyl analogs. Under the present conditions, 

with excess metal oxide, it is not clear how aryloxy radical is 

converted to quinone methide. 

lo J. E. Bennett, Nature 186, 95 (1960). 
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An interesting extension of the oxidation method of producing 

quinone methides Involves 2,6-dimethyl-kllylphenol (VIII). Treatment of 

the latter compound 

are consistent with 

with silver oxide yields a material whose properties 

the quinone methide structure IX. 

H3qCH3 qJLf3 

/ 
2 H/ C. 

H2C = CHH 

‘H 
\\c” 

VIII Ix 2 
The structure of the quinone methides is clear fran their 

ultraviolet and infrared spectra. Thus, in isooctane solution, the 

quinone methide VI has an intense band at 283 nyl (< = 29,000). Also, it 

has bands at 6.15 and 6.07 p ascribed to the conjugated carbonyl group,ll 

and bands at 1.626, 2.079 and 2.140 p, attributable to terminal 

methylene. 
12 

The ultraviolet spectra of several quinone methides are 

swanarized in Table I, which shows that the effect of solvent or of 

substituents on the methylene group of the quinone methide changes the 

position of the intense, long wave length ultraviolet bands in the 

expected direction. 

ll 
G. M. Coppinger and J. W. 
Kharasch and B. S. Joshi, 

12 
R. F. Coddu, Anal. Chem. 

Cenrpbell, Ibid. 75, 734 (1953); M. 6. 
J. Org. Chr -435 (1957). 

2, 1790 (1957). 
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Table I Ultraviolet Spectra of Quinone Methides 
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t-Bud 

AL 
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EL 

Ii 

H 

3 

B 

B 

H 

a3 

R3"'R 
Isooctane 

2 hi. - m3c 

H 283 4.46 

CH3 297 4.40 

CFr2=CH 329 4.Q 

H 285 4.35 

H 285 4.45 

cH3 299 4.42 

5 94 4.40 

MeOH 
7izr- 

ca. 290 

ca. 312 

39 

29 

289 

93 

322 

*Ex +V method; - bA+~methti; ' pb~metsloa; 

a &UC&L- ferricyanide method6 

The stability of the simple quinone methides in inert solvents 

appears to be a Function of concentration. Thus, the quinone methlde VI 

is stable for days at roan tengperature at a concentration of lo-? M in 

inert solvents. As the concentration is incre~aed, the disappearance 

of methide becanes more r+d,.so that a 10m2 g solution was more than 

&I$ reacted in 140 minutes at room temperature. The reaction products 

~ep~iy~~c~te~~~, 5 The 2,6-j-df-t-butyl analog of VI is 

more stable than VI at 10m2 & concentration in isooctane, only about 2$ 

having ~ad33a in 72 hours. Even here, we have 80 far been unsuccessful 

in attempts to isolate the pure materiel by evaporation of the solvent at 

reduced pressure. !I!hls procedure yields a mixture of products no longer 

having the spectrum of quinone methide. The only canpound clearly 
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identified was 3,5,3*,5~-tetra-t-butylstilbene-4,41-quinone. 13 It is 

obvious that the stability of the quinone methides toward tail-to-tail 

dinwzizationis ~c~~~o~~s4~~~lg~~s onthetermlnal 

methyl.ene. 6 Thus, 2,6-di-t-butyl-4-ethenyl quinone methide, with one 

such methyl group, is an easily isolable camgound, snd 2,6-di-t-butyl 

isopropenylquinonemethide6is stable for-8 atroautemperaturein 

the sol&d state. 

The samke dMericproducts formedfranquinonemethides have 

also been formulated as arising fran aryloxy radicsJ.s, either by 

rearrangement to benayl radicals and dimerieation of these9 or by way of 

acauplexbetweentwo of the aryMcyradicalswhichyieldtbe final. 

products.14 Thus thc:,present observation that quixmne methides are 

converted to dAnkerie species has inplications for the whole question of 

themechanism of fo~~~of~rlc~~~dlsd~ng~dstionof 

phenols. 

'pawardlithiupp~~mmp~&,hydKylenchlori&asld~0ue 

hytkaxy3.i~ species, l&e qu%none wthkde VI shum the expected behavior. 

LithUm alurlnrop h@rMe yields Par&to1 and the other specie6 give rise 

to the appropriate benayl derivative V fma 1,Ijaddition. These 

reactlonsweredewustrMed spectroscopically, theyieldsbeiogessen- 

tisllyquantita~~,udthsproductrfrcsrcactianowlth~~l, 

aorrtlcrrcid,sld~~~d~~&wemleolsted~f~ 

identicalwithauthentlcspeclusru. lhech~c&l.behavioroPthe quinone 

Blathl&eVI~~~~onoi~aikxlconiiawd~itwssea~tisllg 

l3 C. D. Coolc, J. Org. Chat., l8, 262. (1953). 

l4 J. K. Decconsall, 8. Clouqb, and G. Scott, Proc. Chem. Sot., @ (19%). 
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quantitatively the g-methide. Romore than2-*of the ortho-lsawr 

could have been present. 

Thehlgh order of reactlvltyofthe eimple quinonemethidesis 

demonstrated by the rate of their reactions with methauol. !Jhe rate 

constant for reaction of the qulnone methide VI in neutral methanol at 

25’1 followed spectrophotanetrically at 290 q, is 4.0 x 10e2 -I. sec. , 

the half-life of VI being 17 eeconds. Thus, the qulnone methide VI 

reacts with methanol approximately 100 times aa fast as spiro[2,gocta- 

1,4-diem-j-one8(IV). A8 mmarized in Table II, reactivity toward 

15 

methanolie only elightlyreducedbymethyl 

grow of the quiuone methide. On the other 

exert a profound rate-retarding effect. 

TARLFI II 

substitution in the methylene 

hand, 2,6-t-butyl groups 

Rate Constants for Reaction 
of Quinone Mel&Ides In Methanol at 25.O"c. 

(Rl, R2, R3, R4 as in Table I) 

CH3 

CH3 

cH3 
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t-Bu 

t-Bu 

2k 

CH3 

CH3 

t-Bu 

t-Bu 

t-Bu 

t-Bu 

ELiiLL 
H H 

H CH3 

H H 

H H 

H cH3 

CH3 CH3 

k (sec. 
-1 

) 

4.0 x 10-2 

3.1 x 1O-2 (23') 

3.8 x lo-3 

9.4 x 10-5 

5.5 x 10-S 

2.5 x lO-5 

It is interesting that every Instance we have examined of a 

nucleophilic substitution reaction of a p-hydroxybenzyl derivative V 

proceed6 by way of the qulnone methlde VI as an intermediate. Ebmnples 
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are the hydrolysis of the chloride Va or its reaction with sodIm acetate 

in acetic acid to produce the benzyl acetate Vb. Even attempted basic 

saponification of the benzyl acetate Vb produced the quinone methide 

intemediate. 


