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Reactions of 4-Hydroxycyclohexa-2.5-dienones under Acidic Conditions 
By Brian R. Davis, Diana M. Gash, Paul D. Woodgate,' and Sheila D. Woodgate, Department of Chemistry, 

The 4- hydroxy-4-phenyl-2,6-di-t-butylcyclohexa-2,5-dienone (2) undergoes reaction in acidic conditions to give, 
infer alia, derivatives of an arene-1,2-diol. In poorly nucleophilic media, the l,l'-biphenyl-4-ol (1 6) and the 5-  
phenyl-o-benzoquinone (37) are the main products. Isolation of the 4- (2-methylpropyl)cyclohexadienone 
derivatives (41 ) and (42) provides the first examples of intermolecular trapping of a four-carbon unit. The products 
are consistent with the intervention of the phenoxenium ion (44) ; the formation of the 2-methyl-l,3-benzodioxole 
(43) testifies to the intermediacy of such a powerful oxidant. Whereas the 4-phenyl-2-t-butyl-p-quinol (5) gave a 
complex mixture from which only the 1.1 '-biphenyl-4-01 derivative (24) was isolated, the 2,6-di-isopropyl- and 
2,6-dimethyl-analogues (4) and (6) afforded mainly the arene-l,3-diol derivatives (48) and (47), respectively. 
The 4-methyl-2,6-di-t-butyl-p-quinol (7) gave products [e.g. (28) and (29)] arising from nucleophilic attack on an 
intermediatep-quinone methide; dimers were the major products in the absence of a good nucleophile. 
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TREATMENT of 4-substituted 4-hydroxycyclohexa-2,5- 
dienones (p-quinols) with acid usually affords derivatives 
of a meta- or para-arenediol via a dienone-phenol type 
of rearrangement .l92 
that the major rearranged products from treatment of the 
9-quinols (l),  (2), and (3) with Ac20-H2S04 at room 
temperature were the ortho-arenediol diacetates (1 1) , (12) , 
and (13), respectively. Moore and Kirk also have 

However, we reported recently 
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recorded the isolation of the pyrocatechol derivative (12) 
from the reaction of the 2,6-di-t-butyl-$-quinol (2) with 
Ac20 or with Ac20-H2S0,, and of the halogenophenols 
(14) and (15), using concentrated HC1 or HBr-HOAc, 
respectively. We now report the results of the reactions 
of the sterically congested cyclohexadienone (2) in a 
variety of acidic media, together with the results of 
analogous reactions of the 2,6-di-isopropyl-4-phenyl-9- 
quinol (4), the 4-phenyl-2-t-butyl-9-quinol (5) the 2,6- 
dimethyl-4-phenyl-9-quinol (6), and the 4-methyl-2,6- 
di-t-butyl-p-quinol (7). 

The substrates (2)-(5) were synthesized by the 
reaction of a substituted 9-benzoquinone with the 
appropriate Grignard reagent .6 Conversion of 2 ,&di- 
isopropyl-9-benzoquinone (33) into the 4-hydroxy-4- 
phenylcyclohexadienone (4) was improved by the in- 
clusion of hexamethylphosphoric triamide (1 mol equiv.) 
in the reaction medium.' While this general approach 
has the merits of being direct and experimentally simple, 
the required adducts were isolated in moderate yields only 

(30-60%) , and reproducibility was often a problem ; 
this was probably due to conjugate addition and/or 
electron-transfer processes competing with the desired 1,2- 
arylation or alkylation at  the less hindered carbonyl group. 

 OR^ 
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(14) R' = But, R2 = C1, R3 = Ph, R4 = H 

(16) R' = R2 = But, R3 = Ph, R' = H 
(17) R' = But, R2 = OAC, R3 = Ph, R4 = H 
(18) R' = But, R2 = OH, R3 = Ph, R4 = AC 
(19) R' = But, R2 = SAC, R3 = Ph, R' = AC 

(13) R1 = But, R2 = OAc, R3 = p-MeOC,H,, R4 = Ac 

(15) R1 = But, R2 = Br, R3 = Ph, R4 = H 

(20) R1 = But, R2 = OMe, R3 = Ph, R4 = H 
(21) R' = R2 = B u , R3 = p-MeOC,H,, R4 = Ac 

(23) R1 = R2 = But, R3 = p-MeOC,H,, R4 = H 

(26) R1 = R2 = Me, R3 = Ph, R4 = Ac 

(22) R' = But, R2 = OH, R3 = Ph, R4 = H 

(24) R' = But, R2 = H, R3 = Ph, R4 = AC 
(25) R' = But, R2 = H, R3 = Ph, R4 = H 

(27) R' = R2 = Pr', R3 = Ph, R4 = AC 
(28) R' = R2 = But, R3 = CHSOH, R4 = AC 
(20) R' = R2 = But, R3 = CH20Ac, R4 = AC 
(30) R' = R2 = But, R3 = CH~OAC,  R4 = H 
(31) R' = R2 = But, R3 = CH20H,  R3 = H 

A sequence which potentially overcomes the problem of 
formation of regioisomeric 1,2-adducts has been intro- 
duced by E v a n ~ . ~ * l ~  Thus, reaction of 2,6-dimethyl-P- 
benzoquinone (32) with cyanotrimethylsilane, catalyzed 
by potassium cyanide-18-crown-6 in anhydrous carbon 
tetrachloride under reflux , results in cyanosilylation at  
the most electrophilic carbon atom to afford the 3 3 -  
dimethylcyclohexadienone (36). However, steric effects 
may become dominant in appropriate cases. For ex- 
ample, 2,&di-t-butyl-~-benzoquinone gave the regio- 
isomer (34),g while in the present work the 2,6-di-iso- 
propyl analogue (33) gave only the dienone. (35), after 
extended reaction times , and 2,6-di- t -but yl- 1,4-napht ho- 
quinone failed to react a t  all, even in tetrachloroethylene 
under reflux. Treatment of the protected 2,6-dimethyl- 
cyclohexadienone (36) with phenylmagnesium bromide, 
followed by regeneration of the carbonyl group with 
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silver(1) fluoride in aqueous tetrahydrofuran (THF), 
gave the required 9-quinol (6) in an acceptable overall 
yield (47%). 

(32) R' = R~ = ~ e  ( 3 4 )  R' = R2= But 
(33) R ' = R ~ = P ~ '  (35) R ~ - R Z = P ~  

4-Hydroxy-4-methyl-2,6-di-t -butylcyclohesa-2,5-tfi- 
enone (7) was synthesized in 970/, yield via the basc- 
catalyzed osygenat ion of 4-methyl-2,6-di-t -1iutyl- 
phenol .I1 

The products isolated from treatment of tlic fi-quinol 
(2) with acid under a variety of conditions arc recorded 
in thc 'Taldc. In Ac,O-H,SO, the ortho-diacetate ( la )  3 9 4  

Reagent 

Ac,O-H,SO, 
Ac20-H2S0, 

Ac2&H,S0, 

E t,O-BF,.Et,O 

MeOH-HClO, 

A c ~ O - H ~ S O ~  

Ac~O-H~SO, 

A c ~ S - H ~ S O ~  

AcSS-BF3.E t2O 

EtSO-H Clod 
CH2C12-CF3S03H 
MeN0,-CF,S03H 

Temp. Time 

20 1 
20 24 

-78  e 0.08 ' 
- - 7 € i e  l b  
- 7 7 8 e  1 '  

20 24 
20 7 
20 24 
20 24 
20 24 
20 1 
20 1 

(0 "C) (h) 

intermediate was deduced from the results of a reaction of 
the P-quinol (2) conducted at  room temperature in Ac,S- 
H,SO,I3 (entry 6, Table). One of the products was 4- 
acetylt hio-4-phenyl-2,6-di-t-but ylcyclohesa-2,5-dienone 
(40) (14%). The ortho-disubstituted aromatic compound 
analogous to the biphenyl ( la ) ,  zliz the monoacetylthio- 
derivative (19), was the niajor product when either 
siilphuric acid (entry 6) or BF3.Et2O (entry 8) was used 
as a catalyst. This product may arise from the intra- 
molecular delivery of an acetylthio-moiety from C-4 of 
the dienone (40), or more probably via the external 
nucleophilic attack of sulphur on a carbocationic inter- 
mediate. Similarly, use of MeOH-HClO, (entry 9) gave 
the 4-methosycyclohesadienone (8 )  as the major pro- 
duct ; the methosybiphenyl (20) was also isolated in low 
yield, together with the biplienyl-4-01 (16) and the o- 
bcnzoquinone (37). 

With the intcrmecliacy of thc acetate (9) established 
and the structure of tlic major ortlzo-cliacetate product 

Products 0 from treatment of the p-quinol (2) wi th  acid 

(2) (8) (9) (12) (16) (17)  (18) (19) (20) (37)  (38) (30) (40) (41) (42) (43) 
44 4 10 5 4 6 4  8 
67 !) :1 

55 45 d 

50d 5 O d  
00 n 40 r i  

IS 
26 
10 

49 13 8 5  
*) q 15 33 &. 

45 3 2 
42 28 

14 
1s 20 

Isolated (p.1.c.) yields. Ac,0-H,S04 was transferred by syringe into a solution of cornpound (2)  in Ac,O at - 7 8  "C. 

lH N.1ii.r. analysis. 

.4c20- 
Both solutions were coolctl to  -78 -'C 

Quenched a t  - 78 "C by  addition of Et,N. 
H,S04 was placed inside a sealed glass bulb which was placed in the substrate solution. 
and the sealed bulb was then broken to allow mixing to  occur. 

was the major product after either 1 or 24 h at room 
temperature.* These conditions are milder than those 
used by Moore and Kirk who reported that this reaction 
was sluggish, requiring several days at  100-1 10 "C. On 
the contrary, a series of experiments which we carried out 
a t  -78 "C showed not only that the reaction proceeds sig- 
nificantly at this temperature within 1 h (entries 4 and 5, 
Table 4), but also that an intermediate p-quinol acetate 
(9) could be detected (entries 3 and 4, Table). An 
authentic sample of this acetate was synthesized in high 
yield by the reaction of the 9-quinol (2) with acetic 
anhydride-t rie t hy lamine-4- (N, N-dime t hylamino) pyri- 
dine; these conditions effected the esterification of the 
tertiary hydroxy-group more rapidly (18 h) than the use 
of acetic anhydride-pyridine (6 d).  The acetate (9) was 
shown to  undergo acid-catalyzed rearrangement a t  room 
temperature to give a product distribution identical with 
that obtained from similar treatment of the p-quinol (2). 
The fact that the P-quinol acetate (9) arises from the 
external attack of a carboxylate anion on a carbocationic 

* The cleanest route to  the diacetate (12) (99%) involved the 
reaction of the p-quinol (2) with Ac,0-NaOAc.12 

(12) s e ~ u r e , ~  it was of interest to isolate and identify the 
minor products present after a compatatively short reac- 
tion time at  room temperature (entry 1). 3,5-Di-t- 
butyl-l,l'-biphenyl-4-01 (16) was recovered in the same 
yield (4%) as 5-phenyl-3-t-butyl-o-benzoquinone (37), 
suggesting that the formation of this pair of products 
occurs via a mutual redox p r o c e s ~ . ~  The structures of 
the dimers (38) and (39) were supported by elemental 
composition data, and by their spectra. The conversion 
of the hydroxy-acetate (38) into the diacetate (39) as the 
reaction proceeds is indicated by the relative yields of 
these dimers after 1 and 24 h. The isomeric monomeric 
hydroxy-acetates (17) and ( 1  8)  were each present after 
1 h, and both of these compounds LIC converted into the 
diacetate (12). 

The remaining compound isolated from the 1-h reac- 
tion (entry 1) was assigned the structure 4-(2-acetoxy-2- 
methylpropyl) -4-phenyl-2,6-di-t-butylcyclohexa-2,5- 
dienone (41). An accurate mass measurement on the 
molecular ion at  m/z 396 confirmed the molecular formula 
as C,,H,,O,. The mass spectrum also contained sig- 
nificant peaks, corresponding to the loss of acetic acid 
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and of (C,H, + HOAc) from the molecular ion, which 
indicate that the acetate group is bound to an alkyl 
carbon atom. The i.r. spectrum contained absorptions 
due to an alkyl acetate group (1 735 cm-l) and an aP- 
unsaturated carbonyl group (1 660 and 1 630 cm-l), 
while a maximum at 246 nm in the U.V. spectrum con- 
firmed the presence of a cross-conjugated dienone. In 
the lH n.m.r. spectrum the signal due to the t-butyl 
protons occurred as a singlet at 6 1.25, that due to the 
\Tiny1 protons as a singlet at 6 6.67, and that due to the 

(37) (38) R = H 
(39) R = Ac 

Ph 

(40) R = SAC 
(41) R = CH2C(OAc)Me2 
( 4 2 )  R = CH2C(Me)=CH2 

phenyl protons as a broadened singlet at 6 7.22. The 
attachment of a 2-acetoxy-2-methylpropyl moiety at 
C-4 of a cyclohexa-2,5-dienone was suggested by the 
singlet due to an isolated methylene group at  6 2.73, by 
the singlet at 6 1.40 due to a gem-dimethyl group sub- 
tended on an oxygen-bearing carbon atom, and by the 
singlet due to the aliphatic acetate methyl protons at 6 
1.92. A related compound, 4-(2-methylprop-2-enyl)-4- 
phenyl-2,6-di-t-butylcyclohexa-2,5-dienone (42) was iso- 
lated in low yield from the reaction in Ac,O-H,SO, for 
24 h (entry 2), and in higher yield when BF,*Et,O was 
used as the catalyst (entry 7). When the latter experi- 
ment was carried out in the presence of added t-butyl 
alcohol the yield of compound (42) increased from 18 to 
39%. That compound (42) was a 4-phenylcyclohexa- 
2,Sdienone was confirmed by its spectral data, and the 
nature of the other substituent at C-4 was deduced as 
follows. Consideration of the molecular formula (CH- 
H,,O) required the substituent to be a C,H, unit, while 
signals in the lH n.m.r. spectrum at 6 1.60, 2.78, 4.55, 
and 4.73 were characteristic of a 2-methylprop-2-enyl 
group; each of these signals showed the expected broad- 
ening due to allylic coupling. Although de-t-butylation 
is an established feature of reactions occurring in acidic 
media via cationic intermediates,l4-l6 and is shown in the 
present work by the formation of compounds (12), (17), 
(18), (37), (38), and (39) in Ac,O-H,SO,, to our know- 
ledge compounds (41) and (42) represent the first ex- 
amples where an ejected four-carbon unit has been 
trapped intermolecularly to generate a 4,4-disubstituted 
dienone. 

In addition to the 4- (2-methylprop-2-enyl) cyclohexa’ 
dienone (42), the ortho-diol derivative 2-methyl-6-phenyl- 
4-t-butyl-l,3-benzodioxole (43) was isolated consistently, 
albeit unexpectedly, from treatment of the p-quinol (2) 
with BF,*Et,O in diethyl ether; the molecular formula 
(C,,H,O,) was established by microanalysis. In the 
mass spectrum the base peak (m/z 253) arises via the 
facile expulsion of a methyl radical from the molecular 
ion (m/z 268). The lH n.m.r. spectrum confirmed the 
presence of only one t-butyl group. A doublet ( J  5 Hz) 
and a quartet ( J  5 Hz) at  6 1.67 and 6.15 accord with the 
data reported1’ for the resonance positions of the 2- 
methyl group and heterocyclic methine proton, respect- 
ively, in the parent 2-methyl-1,3-benzodioxole. In the 
SFORD 13C n.m.r. spectrum, the monoprotonated 
carbon atom of the heterocyclic ring gave rise to a 
doublet at relatively low field (6 105.4) as expected; the 
attached methyl group occurred at 6 20.8. In order to 
prove unequivocally that structure (43) was correct, this 
compound was synthesized by an alternative route. 
Although the most obvious procedure involves conden- 
sation of 5-t-butyl-l , l’-biphenyl-3,4-diol (22) with acet- 
aldehyde, in practice l7 this method requires extended 
reaction times and the use of a large excess of aldehyde, 
and then affords only a moderate yield. A number of 
procedures l8 involving the use of a dihalogenomethane 
in a dipolar aprotic solvent, or under phase-transfer 
catalysis, are effective for the synthesis of 1,3-benzo- 
dioxole itself, but application of a similar approach to 
the synthesis of the 2-methyl homologue (43) suffers from 

But&’ 

Ph 

(43) 

competitive elimination processes from the required 1,l- 
dihalogenoethane. In the present work, the dioxole (43) 
was produced by treatment of the pyrocatechol (22) 
with vinyl acetate in the presence of BF,*Et,O and 
HgO; the product was identical with that isolated 
from the p-quinol (2). In order to determine that the 
ethylidene unit in compound (43) was derived from di- 
ethyl ether, and not, for example, via a four carbon moiety 
arising from a t-butyl carbocation (cf. ref. 20), the p- 
quinol (2) was treated with BF,*Et,O in [2H,,]diethyl 
ether. From this medium the tetradeuterioisotopomer, 
2- [“,]met hyl-6-phen yl-4-t -but yl- [ 2-,H1] - 1, 3-benzo- 
dioxole, was isolated, together with the undeuteriated 
analogue (43), in the ratio 62 : 38. 

The l,l’-biphenyl-Pol(16) was the major product from 
reaction of 9-quinol(2) in BF,*Et,O-Et,O. When either 
HC10, (entry 10, Table) or CF,SO,H (entries 11 and 12) 
were used as the catalyst in non-nucleophilic solvents this 
biphenyl01 and the related * o-benzoquinone (37) were 
the only products, and were isolated in comparable 
yields. 
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As expected for a process involving intervention of a 
carbocationic intermediate, the 4’-methoxyphenyl p -  
quinol (3) reacted in Ac,O-H,SO, more rapidly than the 
parent compound (2), and gave the arene-l,e-diol di- 
acetate (13) (62y0),3 and the 1,l’-biphenylyl acetate (21) 

The formation of the products from these acid-cata- 
lyzed reactions can be rationalized by invoking the inter- 
mediacy of a phenoxenium ion, e.g. (44) (red-violet 

0 

(570) * 

R 
(44) R = H 
(45) R = OMe 
(46) R = NMe, 

colour), arising via attack of an electrophile (usually a 
proton) at the tertiary alcohol group of a p-quinol, 
followed by heterolysis. The ion (45) has been generated 
and characterized by two-electron anodic oxidation of 
the biphenylol (23), while the 4’-N,N-dimethylamino- 
species (46) forms an isolable salt with poorly nucleo- 
philic counter-ions.21 Although the parent ion (44) has 
not been isolated, its intervention as a product-forming 
intermediate in the reactions reported here is estab- 
lished. Nucleophilic attack at  C-3 of the ion (44), 
followed by de-t-butylation and concomitant aromatis- 
ation, leads to the arene-l,2-diol derivatives. Moreover, 
the ion (44) will be a powerful oxidant ; the analogue (45) 
has been shown 21 to regenerate the biphenylol (23) on 
addition of water and therefore is easily reducible. 
Thus, attack on the phenoxenium ion (44) by water on 
quenching provides a route to biphenylol (16). How- 
ever, there is evidently some correspondence (entries 
9-12) between the yields of compound (16) and of the 
related o-benzoquinone (37), suggesting that this pair 
may be generated in situ, and that their formation is 
c ~ u p l e d . ~  

Protonation at the tertiary hydroxy-group in the 9- 
quinols (2) and (3) contrasts with the behaviour of the 
uncongested 4-methyl-$-quinol(lO) for which it has been 
established 22 that protonation (in HC10,-H,O) occurs at 
the carbonyl oxygen atom, leading eventually to the 
+am-product , 2-met hylbenzene- 1,4-diol. 

Formation of the 1,3-benzodioxole (43) from the 
reaction of compound (1) in BF3*Et,0-Et20 merits 
further comment. No reaction occurred when benzene- 
1,2-diol was treated with acetaldehyde and BF,*Et,O in 
diethyl ether at room temperature for 48 h, which sug- 
gests that the reactive species involved in the formation 
of compound (43) are not the pyrocatechol (22) and 
acetaldehyde itself. There is, however, a literature pre- 
cedent for the formation of an oxonium ion precursor of 
acetaldehyde (R6=CHCH3) in the reaction of diethyl 

ether with an Ar3CC1-AlCl, reagent,% and a general 
scheme for the production of oxonium ions in the pre- 
sence of Lewis acids (including BF,-Et,O) has been given 
by Moreover, an example involving transfer of 
hydride from an ethoxy-group to  a carbocation to 
generate R&CHCH, has been reported recently.25 In 
the present case (see Scheme) the phenoxenium ion is 
available as a potent hydride acceptor; interception of 
the resulting alkyloxonium ion by the 6-hydroxycyclo- 
hexa-2,4-dienone leads to the 1,3-benzodioxole (43). 

0 

1‘ 
0 

Eut()But I +  I 

Ph 

iii 1 
6u+6But Ph + 

0 

Ph 

/ 

MeCH=OEt A E ~ t ~ O C H ~ M e ~ O E t  

Ph 

( 4 3  1 
SCHEME Reagents: i ,  BF,*Et,O; i i ,  -BF,OH; iii, Et20 

Treatment of 4-hydroxy-4-phenyl-2-t-butylcyclohexa- 
2,5-dienone (5) with Ac,O-H,SO, at room temperature 
for 3.5 h gave a mixture containing at least ten com- 
pounds. The only component recovered in a pure 
state was 3-t-butyl-1 ,lt-bipheny1-4-yl acetate (24) (19%). 
The use of milder reaction conditions (2.8 x mol 
1-l of H,SO, in Ac,O, 0 O C ,  30 min) did not simplify the 
product mixture; only the biphenylol (25) (20%) was 
isolated in a pure state. 

In contrast to the 4- hydroxy-2,6-di-t -but ylc yclo hexa- 
2,5-dienones (2) and (3), the 2,6-dimethyl analogue (6) 
underwent reaction in Ac,O-H,SO, to give mainly the 
expected l v 2  product of a dienone-phenol rearrangement, 
vix the 1,3-diacetate (47). This diacetate was deduced 
to  be the meta- rather than the para-isomer on the basis 
of 13C n.m.r. substituent chemical-shift additivity para- 
meters.26 With this substrate, therefore, product form- 
ation is initiated primarily by protonation of the car- 
bony1 oxygen atom (see above). The biphenyl-4-yl 
acetate (40) (15%) was the only other product. 

The p-quinol (4), in which isopropyl groups flank the 
carbonyl oxygen atom, was synthesized to provide a sub- 
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strate with a potential carbocationic leaving group whose 
stability is intermediate between the extremes repre- 
sented by the t-butyl group in (2) and the methyl group 
in (6). In the event, treatment of compound (4) with 
Ac,O-H,SO, gave the 1,3-diacetate (48) as the rearrange- 
ment product, together with the biphenyl-4-yl acetate 

OAc 

Ph 
(47) R1 = R2 = Me 
(48) R1 = R2 = Pri 
(49) R1 = Pri, R2 = C(OAc)Me, 
(50) R1 Me, R2 = C H 2 0 A c  

(27) (7 : 3). A detailed examination of the lH n.m.r. 
spectra of the crude products from the reaction of the p -  
quinols (4) and (6) in Ac,O-H,SO, indicated the presence 
also of the benzylic acetates (49) [6 2.00, s, Me,C(OAc)] 
and (50) (6 4.98, s, CH,OAc), respectively. The form- 
ation of these products, albeit in trace amounts, indicates 
the operation of a minor reaction pathway initiated by 
protonation of the hydroxy-group, followed by loss of 
water and deprotonation, to generate an o-quinone 
methide. 1,4-Addition of acetate anion leads to the 
benzylic acetates. The phenoxenium ion (44) cannot 
undergo deprotonation to a quinone methide. 

The intermediacy of isomeric 9-quinone methides 27 

was evident from the structures of the products isolated 
from the reaction of the 4-methyl-2,6-di-t-butyl-P-quinol 
(7) with acid. Thus, both the benzylic alcohol (28) 
and its acetate (29) (cf. ref. 28) were formed in Ac,O- 
H,SO,. Although treatment of the acetate (29) with 
methanolic potassium carbonate readily afforded the 
alcohol (28), it was shown to be stable to the work-up and 
isolation conditions used in the acid-catalyzed reaction ; 
acetylation of compound (28) occurred easily under these 
conditions. In HOAc-H,SO, the isomeric mono- 
acetate 29 (30) was the major product, as expected. The 
formation of the benzylic alcohol (28) in Ac,0-H2S0, 
therefore implicates the hydrogerisulphate anion as an 
alternative nucleophile, sulphur-oxygen fission occurring 
during work-up or isolation. When the solvent was not 
a good nucleophile source, dimers were the major pro- 
ducts. Thus, BF,*Et,O-Et,O afforded the unsym- 
metrical dimer (51) as the only product via 1,6-addition 
of the p-quinol (7) to a p-quinone methide. Both com- 
pound (51) and the symmetrical dimer (52) were isolated 
from THF-HClO,, together with a low yield of the mono- 
meric benzyl alcohol (31). When the pure cyclohexa- 
2,5-dienone (51) was treated with THF-HClO,, both the 
dimer (52) and alcohol (31) were detected (t.l.c.), in- 
dicating that conversion of compound (51) into the 
dimer (52) occurs via the reaction of the alcohol (31) with 
a 9-quinone methide. A separate experiment showed 
that both dimers were formed also from the alcohol (31). 
Treatment of the 4-methyl-$-quinol (7) with the per- 
fluorosulphonic acid resin Nafion-H 30 in 1,2-dimethoxy- 
ethane gave compounds (31), (51), (52), and also the 

methylene-bridged symmetrical dimer (53) 31 in low 
yield. Formation of the last-named product requires 
the loss of one carbon atom and is suggested to occur viu 
ipso-protonation of the alcohol (31) at  C-1 to  generate 
the carbocation (54). Expulsion of formaldehyde and a 
proton affords 2,6-di-t-butylphenol, leading to the dimer 
(53) by reaction either with the alcohol (31) or with the 
derived p-quinone methide. 

OH 

ButQB.' 
B U t 0 B U t  OH 

(53)  

0 
I 
C"2 I 

OH 

H C Y H  

( 5 4 )  

EXPERIMENTAL 

General experimental details are reported in ref. 3. 
Preparation of 4-Hydroxy-2,6-damethyl-4-phenylcyclohexa- 

2,5-dienone (6) .-Cyanotrimethylsilane (1.25 ml, 9.9 mmol) 
was added to a solution of 2,6-dimethyl-fi-benzoquinone 32 
(0.95 g, 7.0 mmol) and freshly prepared potassium cyanide- 
18-crown-6 complex [from KCN (5 mg) and 18-crown-6 (19 
mg) in anhydrous MeOH (2 ml)] in dry carbon tetra- 
chloride (6 ml). The solution was heated under reflux for 
10 11 and then kept a t  room temperature overnight. The 
solvents were removed under reduced pressure from the 
crude 4-cyano-3,5-dimethyl-4-trimethyIsiloxycyclohexa-2,5- 
dienone (36), and diethyl ether (2 ml) was introduced. 
This solution was added to phenylmagnesium bromide (from 
bromobenzene; 7.5 mmol) in dry diethyl ether (18 ml) at 
-78 "C. After 4 h the reaction was quenched by the 
addition of saturated aqueous ammonium chloride and 
worked up to give a brown syrup (2.17 g ) .  This material 
was dissolved in tetrahydrofuran (THF) (20 ml), a solution 
of silver(1) fluoride (0.93 g, 7.4 mmol) in water (5 ml) was 
added, and the mixture was stirred a t  room temperature 
overnight. Work-up followed by p.1.c. (hexane-diethyl 
ether, 7 3) gave 4-hydroxy-2,6-dimethyl-4-phenylcyclohexa- 
2,5-dienone (6) (702 nig, 47%) as colourless prisms, m.p. 
92.5-93 "C (from CCl,) (Found: C, 78.8; H,'6.8. C14H14- 

0, requires C, 78.5; H, 6.6%), Amx 230 nm (log E 4.15); 
vmx. 3 610 (free OH), 3 425 (bonded OH), 1 665 and 1 640 
cm-l (conjugated CO); 1.87 (s, Me), 2.80 (s, exchangeable 
on deuteriation, OH), 6.58 (s, 3-H and 5-H), and 7.11-7.67 
(m, ArH); m/z 214 (M+'), 199, and 196; 6~ 16.8 (Me), 71.0 
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(C-4), 125.2 (C-3’ and C-57, 127.9 (C-4’), 128.7 (C-2’) and 
C-6’), 133.0 (C-2 and C-6), 140.3 (C-1‘), 146.7 (C-3 and C-5), 
and 187.3 p.p.m. (C-1). 

Preparation of 4-Hydroxy-2,6-di-iso~ro~yl-4-~henylcyclo- 
hexa-2,5-dienone (4) .-A s o h  tion of phenylmagnesium 
bromide (from broniobenzene, 7.6 mmol) in dry diethyl 
ether (10 ml) was added during 10 niin to  a solution of 2,6-di- 
isopropyl-p-benzoquinone (477 mg, 2.5 mmol) in dry 
diethyl ether (15 ml) at -78 “C. After 2 h at this temper- 
ature, the reaction was quenched by the addition of satur- 
ated aqueous ammonium chloride. Work-up, followed by 
p.1.c. (hexane-diethyl ether, 2 :  l ) ,  gave (in order of de- 
creasing RF) : (i) 4-hydroxy-2,6-di-isopropyl-4-phenylcyclo- 
hexa-2,5-dienone (4) (280 mg, 42%), b.p. (Kugelrohr) 130 
“C at 0.1 mmHg (Found : C, 80.2; H, 8.5.  C18H2,02 requires 
C, 79.95; H, 8.2%), A,,,. 226 n m  (log E 4.28); v,,,. 3 600 
(free OH),  3 460 (bonded OH),  1 668, and 1 640 cm-1 (con- 
jugated CO) ; 8, 1.07 (d, J 7 Hz, CHMe,), 2.28br (s ,  ex- 
changeable on deuteriation, OH), 3.02 (sp. J 7 Hz, CHMe,), 
6.47 (s, 3-H and 5-H), and 7.08-7.47 (ni, ArH) ;  m/z 
270.1612 (hf+*; C18H2202 requires 270.1619), 228, 213, 185, 
and 105 ; and (ii) 4-hydroxy-3,5-di-isopropyl-4-phenylcyclo- 
hexa-2,5-dienone (29 mg, 4%), as  colourless needles, m.p. 
181-182 “C (from hexane-diethyl ether) (Found: C, 80.0; 
H ,  8.4. C1,H2,0, requires C, 79.95; H,  8.2%), Amax. 273 
(log E 3.51) and 227 nm (4.31) ; vmx. 3 420 (OH), 1 668, and 
1 622 cm-l (conjugated CO) ; 8~ 0.60 [d, J 7 Hz, CH(Me)Me], 
1.22 [d, J 7 Hz, CH(Me)Me], 2.50 (sp, J 7 Hz, CHMe,), 
3.75br ( s ,  exchangeable on deuteriation, OH),  5.92 (s ,  
2-H and 6-H), and 7.00-7.18 (m, ArH) ;  m/z 270.1609 ( M i * ;  
C&2202 requires 270.1619), 228, 213, and 185. 

Repetition of this experiment with the  inclusion of hexa- 
methylphosphoric triamide (1 equiv.) gave the  p-quinol 

Attempted synthesis of the p-quinol (4) via the cyanosilyl- 
ation-Grignard sequence (see above) was unsuccessful 
because the  cyanosilylation step (room temperature, 8 d)  
produced only 4-cyano-2,6-di-isopropyl-4-trimethylsiloxy- 
cyclohexa-2,5-dienone (35), vnlax. 2 325 (C-N), 1 655 (con- 
jugated CO), and 1612 cm-’ (conjugated C=C); 8~ 1.10 
[d, J 7 Hz, CH(Me)Me], 1.15 [d, J 7 Hz ,  CH(Me)Me], 3.02 
(sp, J 7 Hz, CHMe,), and 6.43 (s ,  3-H and 5-H); 8, 21.1 
[CH(Me)Me], 21.3 [CH(Me)Me], 26.6 (CHMe,), 64.8 (C-4), 
117.6 (CN), 134.8 (C-3 and C-5), 146.1 (C-2 and C-6), and 
182.8 p.p.m. (C-1). 

Preparation of 4- Hydroxy -4-p henyl- 2-t - butylcyclohexa- 2,5- 
dienone ( 5 )  .--A solution of phenylinagnesium bromide (from 
bromobenzene, 12.8 mmol) in dry diethyl ether (60 ml) was 
added dropwise t o  a solution of 2-t-butyl-p-benzoquinone 
(1.51 g, 9.3 mmol) in dry diethyl ether (50 ml) at -78 “C. 
The deep-blue mixture was stirred at this temperature for 2 h 
and quenched with saturated aqueous ammonium chloride. 
Work-up, followed by p.1.c. (liexane-diethyl ether, 4 : l) ,  
gave : (i) starting material (809 mg) ; and (ii) 4-hydroxy-4- 
phenyl-2-t-butylcyclohexa-2,5-dienone ( 5 )  (420 mg, 41 yo 
based on starting material) as  an unstable oil (Found : M+’, 
242.1319. C,,H,,O, requires M+*, 242.1306), A,,,. 223 nm 
(log E 3.73) ; vmax. 1 680 and 1 640 cm-l (conjugated CO) ; 8~ 
1.18 (s, CMe,), 3.50br ( s ,  exchangeable on deuteriation, OH), 
5.93 (d, J 9 Hz, 6-H), 6.58 (s, 3-H), 6.62 (d, J 9 Hz, 5-H), and 
7 . 0 G 7 . 4 7  (m, ArH);  m/z 242, 227, 199, and 186. 

Acid-catalyzed Reactions of 4-Hydroxy-4-phenyl-2.6-da-t- 
butylcyclohexa-2,5-dienone (2) .-(a) In Ac,O-H,SO,. Con- 
centrated sulphuric acid (3 drops) was added t o  a solution of 
the  p-quinol(2) (0.60 g, 2.0 mmol) in acetic anhydride (3 ml). 

(4) (52%). 

The red-violet solution was kept at room temperature for 1 h 
and then poured onto ice. Work-up, followed by p.1.c. 
(hexane-diethyl ether, 3 : 1) gave: (i) 3,5-di-t-butyl-l,1’- 
biphenyl-4-01 (16) (24 mg, 4%) as  colourless needles, m.p. 
100-102 “C (from pentane-diethyl ether) (lit.,4 101-103 
“C) (Found: C, 85.2; H, 9.4. Calc. for C,,H,,O: C, 85.1; 
H ,  9.3%), A,,,. 260 nm (log E 4.55); vmX. 3 648 and  1 240 
cm-l (OH); BH 1.50 (s, CMe,), 5.03 (s,  exchangeable on 
deuteriation, OH),  and 7.07-7.42 (m, ArH) ; m/z 282 (M+*) ,  
267, and 57; 8~ 30.4 (CMe,), 34.5 (CMe,), 124.0 (C-2 and 
C-6), 126.4 (C-4’), 127.0 (C-2’ and C-S’), 128.6 (C-3’ and 
C-5’), 132.6 (C-1), 136.1 (C-3 and C-5), 143.0 (C.l’), and 
153.5 p.p.m. (C-4) ; (ii) 3-(3-acetoxy-5-t-butyl-l, 1’-biphenyl- 
4-oxy)-5-t-butyl-l, l’-biphenyl-4-01 (38) (32 mg, 6%) 
(Found : M+*,  508.2627. C,&t&4 requires M+*, 508.2614), 
Amax. 254 nm (log E 4.43) ; vnlaX. 3 425 (OH), 1 725, and 1 222 
c n - l  (OAc); BE 1.48 (s, CMe,), 1.52 ( s ,  CMe,), 1.93br ( s ,  
exchangeable on deuteriation, OH), 2.43 (s, OAc), 6.70 (d, 
J 2 Hz, 2-H and 2’-H or  6-H and 6’-H), and 7.07-7.58 (m, 
ArH);  m/z 508, 466, 282, 267, 226, 57, and 43; (iii) 4-(2- 
acetoxy-2-metlaylpropyl) -4-phenyl-2,6-di-t-butylcyclohexa-2,5- 
dienone (41) (63 mg, 8%), b.p. 142-143 “C at 0.01 mmHg 
(Found: C, 78.6; H, 9.0. C26H,,O, requires C, 78.8; H, 
9.1%), A,,, 246 nm (log E 3.78); vnlaX. 1 7 3 5  (AcO), 
1 660, and 1 630 cm-l (conjugated CO); 8~ 1.25 (s, CMe,), 
1.40 (s, Me), 1.92 ( s ,  OAc), 2.73 (s ,  CH,), 6.67 (s ,  3-H 
and 5-H), and 7.22 (s ,  ArH);  m/z 396.2670 (M+’;  C,,H,,O, 
requires 396.2664), 336, 298, and 280; (iv) 3-(3’-acetoxy-5-t- 
butyl- l,l’-biphenyl-4-oxy)-5-t-butyl-l, l’-biphenyl-4-yl acetate 
(39) (21 mg, 4%) as white prisms, m.p. 207-209 “C (from 
pentane-diethyl ether) (Found : C, 78.2; H ,  7.2. C,,H,,O, 
requires C, 78.5; H, 7.0%), A,,,. 245 nm (log E 4.43); vmax. 
1 770 and 1 210 cm-l (*4cO); BH 1.43 [s ,  C(Me),], 2.30 (s ,  
OAc), 7.00 (d, J 2 Hz, 2-H and 2’-H or 6-H and 6’-H), and 
7.07-7.53 (m, ArH) ;  m/z 550 (M+*,  <lyo), 508, 226, 211, 
and 57; 8a 21.0 (OCOMe), 30.3 (CMe,), 35.0 (CMe,), 115.6 
(C-2 and C-2”), 120.7 (C-6 and C-6’7, 127.1 (C-2’, C-2”’, 
C-6’, and C-,’”), 127.3 (C-4’ and C-,‘”), 128.6 (C-3’, C-3”’, 
C-5’, and C-5”’), 139.0 (C-1 and C-l’), 140.2 and 140.5 (C-l’, 
C-l”’, C-4, and C-,’”), 143.4 (C-5 and C-5”), 148.9 (C-3 and 
C-3”), and 168.8 p.p.m. (OCOMe); (v) 5-t-butyl-l,l’-bi- 
phenyl-3,4-diyl diacetate (12) (284 nig, 44%) m.p. 116.5- 
118.5 “C; (vi) 5-phenyl-3-t-butyl-o-benzoquinone (37) 
(19 mg, 4%) as dark-red prisms, m.p. 121-122 “C; and 
(vii) a mixture (2 : 1) (86 mg) of 4-hydroxy-5-t-buty1-1,l’- 
biphenyl-3-yl acetate (1 7) (10%) and 3-hydroxy-5-t-butyl- 
l,l’-biphenyl-4-~1 acetate (18) (5%), m.p. 130-132 “C 
[lit.,, 134-136 “C for (17)] [Found: C, 76.0; H, 7.0. Calc. 
for C1,H,,O, (mixture): C, 76.0; H, 7.1y0], Amax. 314 (log 
E 3.81) and 249 nm (4.10); vmax. 3 580 and 3 420 (OH), 1 775 
and 1 745 cm-l (aromatic OAc); 8= 1.35 [s,  CMe, of (IS)], 
1.45 [s, CMe, of (17)], 2.30 [ s ,  OAc of (17)], 2.35 [s, OAc of 

(lS)], and 7.10-7.63 (m, ArH) ; m/z 284 (M’.), 242, and 227. 
When the reaction was allowed to  continue for 24 h 

4- (2-methylprop-2-enyl) -4-phenyl-2,6-di-t-butyl-cyclohexa- 
2,5-dienone (42) (20 mg, 3%) was also obtained as an  oil 
(Found: C, 85.9; H, 9.3. C,,H,,O requires C, 85.7; H, 
9.5%), Am,,- 235 nm (log E 4.0); v,,,. 1 652 and 1 640 cm-l 
(conjugated CO); 8~ 1.23 (s, CMe,), 1.60 (s, Me), 2.78 ( s ,  
CH,), 4.55 (m, =CH,), 6.50 (s, 3-H and 5-H), and 7.15 (s ,  
ArH) ; m/z 336.2426 (M” ; C&,,O requires 336.2451), 
280, 2G5, and 223; 8c 24.4 (Me), 29.3 (CMe,), 34.8 (CMe,), 
46.9 (C-a), 47.4 (CH,), 115.4 (=CH,), 126.1 (C-3’ and C-57, 
126.9 (C-4’), 128.7 (C-2’ and C-S’), 140.9 (C-2 and C-6), 

(IS)], 6.75 [d, J 2 Hz, 6-H of (IS)], 6.83 [d, J 2 Hz, 2-H of 



J .  CHEM. SOC. PERKIN TRANS. I 1982 

142.5 (C-1'), 145.4 (C-3, C-5, and C=CH,), and 186.2 p.p.m. 

From reactions carried out a t  - 78 "C, 4-acetoxy-4-phenyl- 
2,6-di-t-butylcyclohexa-2,5-dienone l4 (9) was a ma] or 
product. It was identical (1H n.m.r.) with an authentic 
sample synthesized by treating the p-quinol (2) with acetic 
anhydride in triethylamine containing a catalytic amount of 
4-(N,N-dimethylamino)pyridine. 

(b) I n  Ac,S-H,S04. Concentrated sulphuric acid (3 
drops) was added to a solution of the p-quinol (2) (1 10 mg, 
0.37 mmol) in acetic thioanhydride (1.5 ml). The red-violet 
solution was kept at room temperature for 24 h and then 
poured into water. Work-up, followed by p.1.c. (hexane- 
diethyl ether, 3 : 1) gave: (i) the l,l'-biphenyl-4-01 (16) (12 
mg, 18%) ; (ii) 4-acetylthio-4-pheny1-2,6-di-t-butylcyclo- 
hexa-2,5-dienone (40) (19 mg, 14%) as an oil, 8~ 1.27 (s, 
CMe,), 2.23 (s, SCOMe), 6.77 (s, 3-H and 5-H), and 7.10-7.50 
(m, ArH) ; and (iii) 5-acetyZthio-3-t-butyZ-l,l'-bi~henyZ-4-yZ 
acetate (19) (29 mg, 23y0), m.p. 129-131 "C (from pentane- 
diethyl ether) (Found: C, 70.4; H, 6.6. C,,H,,O,S requires 
C, 70.2; H, 6.5%);. AmXe 247 nm (log 8 4.0); vmX. 1767 
(acetate CO), 1715 (acetylthio CO), and 1 175 cm-l (C-0); 
8~ 1.40 [s, CMe,), 2.28 (s, SCOMe), 2.33 (OCOMe), and 
7.15-7.62 (m, ArH); m/z 342 (M+*) ,  300, 258, 243, and 43. 

Boron trifluoride-diethyl ether 
(0.5 ml, 4 mmol) was added to a solution of the p-quinol 
(2) (430 mg, 0.144 mmol) in dry diethyl ether (3 ml). The 
red-violet solution was kept a t  room temperature for 7 h and 
then diluted with diethyl ether. Work-up, followed by 
p.l.c., gave: (i) the l,l'-biphenyl-4-01 (16) (104 mg, 26%); 
(ii) 2-methyZ-6-phenyZ-4-t-butyl- 1,S-benzodioxole (43) (79 mg, 
20y0), m.p. 55-57 "C (from MeOH) (Found: C, 80.8; H, 
7.4. C,,H,,O, requires C, 80.6; H, 7.5y0), A,,,. 282 (log E 

4.09) and 265 nm (4.22); vmax. 1 211 cm-l (C-0); 8~ 1.40 
(s, CMe,), 1.67 (d, J 5 Hz, Me), 6.15 (9, J 5 Hz, CH,CH=), 6.73 
(d, J 1 Hz, 5-H), 6.82 (d, J 1 Hz, 7-H), and 7.05-7.47 (m, 
ArH); m/z 268 (M+') and 253; 60 20.8 (Me), 29.3 (CMe,), 
34.0 (CMe,), 105.4 (C-2), 108.6 (C-7), 117.9 (C-5), 126.6 
(C-4'), 126.9 (C-2' and C-6'), 128.6 (C-3' and C-5'), 132.5 
(C-4), 134.7 (C-6), 141.5 [C-l'), 144.7 [C-3a), and 148.2 p.p.m. 
(C-7a) ; and (iii) 4-(2-methylprop-2-enyl)-4-phenyl-2,6-di-t- 
butylcyclohexa-2,5-dienone (42) (85 mg, 18%). 

Repetition of the reaction in the dark or in the presence 
of galvinoxyl gave the same results. 

Addition of t-butyl alcohol (45 mg, 0.61 mmol) to a solu- 
tion of the P-quinol (2) (78 mg, 0.26 mmol) and BF,*Et,O 
(0.16 ml, 1.27 mmol) in diethyl ether (1 ml) gave, after 5 h 
a t  room temperature, the compounds (16), (42), and (43) in 
the ratio ('H n.m.r.) 31 : 38 : 31. 

(d) I n  MeOH-HC10,. A solution of the P-quinol (2) in 
anhydrous methanol (1 ml) was treated with perchloric acid 
(70% aqueous; 3 drops). After 24 h a t  room temperature 
work-up, followed by p.1.c. (liexane-diethyl ether, 19 : l), 
gave: (i) the l,l'-biphenyl-4-01 (16) (15 mg, 13%); (ii) 
4-methoxy-4-phenyl-2,6-di-t-b~ tylcyclohexa-2,5-dienone 4 

(8) (64 mg, 49%) ; (iii) 5-methoxy-3-t-butyl-l,l'-biphenyl- 
4-01 (20) (9 mg, 8%) ; and (iv) the o-benzoquinone (37) (5 

(e) In  Et,O-HClO,, CH,Cl,-CF,SO,H, OY MeN0,-CF,- 
SO,H. The related couple, biphenyl-4-01 (16) and o- 
benzoquinone (37), were the only products detected from 
these media. 

Synthesis of 2-Methyl-6-phenyZ,4-t-butyZbenzo-l, 3-dioxole 
(43) .-A mixture of 5-t-butyl-l,l'-biphenyl-3,4-diol (22) 
(62 mg, 0.26 mmol), vinyl acetate (60 mg, 0.72 mmol), 

(C-1). 

(c) I n  Et,O-BF,*Et,O. 

mgl 5 % ) .  

niercury(I1) oxide (1 mg), and boron trifluoride-diethyl ether 
(5 mg) was stirred in toluene (1 ml) at room temperature 
under nitrogen for 24 h. Work-up and p.1.c. gave the di- 
oxole (43) (28 mg, 40y0), identical with the sample isolated 
above. 

Rearrangement of 4-Hydroxy-4-phenyZ-2-t-butyZcycZohexa- 
2,5-dienone (5 )  .-A solution of concentrated sulphuric acid 
(5 mg, 0.05 mmol) in acetic anhydride (3 ml) was added drop- 
wise to  a stirred solution of the mono-t-butyl-p-quinol ( 5 )  
(420 mg, 1.7 mmol) in acetic anhydride (15 ml) at 0 "C. 
After 30 min work-up, followed by p.l.c., gave ten bands, 
one of which was starting material (72 mg). The only pro- 
duct recovered in a pure state was 3-t-butyZ-l,l'-biphenyZ-4- 
oZ (25) (45 mg, 20%), b.p. 80 "C at 0.07 mmHg (Found: C, 
85.6; H, 8.1. C,,H,,O requires C, 84.90; H, 8.0%), 8~ 
1.45 (s, CMe,), 4.67 (s, exchangeable on deuteriation, OH), 
6.55 (d, J 7 Hz, 5-H), and 7.30 (m, ArH). This phenol was 
identical with the compound synthesized by reduction of the 
p-quinol (5)  with zinc and concentrated hydrochloric acid 
in 1,2-dimethoxyethane. 

Use of concentrated sulphuric acid (1 drop) and the p- 
quinol (5) (190 mg) in acetic anhydride (3 ml) at room 
temperature for 3.5 h similarly afforded a complex mixture. 
The only product obtained in a pure state was 3-t-butyZ-1,l'- 
biphenyl-4-yl acetate (24) (37 mg, 19yo), m.p. 82-83 "C 
(Found: C, 80.6; H, 7.6. C18H2002 requires C, 80.6; H, 
7.5%), &= 248 nm (log E 3.60) ; v,, 1 762 cm-l (OAc) ; 8~ 
1.40 (s, CMe,), 2.28 (s, OAc), 6.95 (d, J 7 Hz, 5-H), and 
7.22-7.63 (m, ArH) ; m/z 268.1453 (M+';  C1,H,,O, requires 
268.1442), 226, 211, and 183. Treatment of the phenol (25) 
with acetic anhydride-pyridine also afforded the acetate (24). 

Rearrangement of 4-Hydroxy-2,6-dimethyl-4-phenyZcycZo- 
hexa-2,5-dienone (6) .-A mixture of the p-quinol (6) (193 mg, 
0.9 mmol) and concentrated sulphuric acid (3 drops) in 
acetic anhydride (2 ml) was kept at room temperature for 
24 h. Work-up, followed by p.1.c. (hexane-diethyl ether, 
3 : l), gave : (i) 3,5-dimethyl-l,l'-biphenyl-4-y1 acetate (26) 
(13 mg, 6%), m.p. 99-105 "C (from ether), A,,, 248 nm 
(log E 3.89); v,, 1 765 and 1210 cm-l (aromatic OAc); 
8 ~ 2 . 2 0  (s, Me), 2.30 (s, OAc), and 7.08-7.57 (m, ArH) ; m/z 
240 (M+') and 198; and (ii) 3,5-dimethyZ-l, l'-biphenyZ-2,4- 
diyl diacetate (47) (171 mg, say0), m.p. 98-100 "C (from 
pentane-diethyl ether) (Found: C, 72.4; H, 6.2. C,8H,,0, 
requires C, 72.5; H, 6.1y0), AmX. 240 nm (log E 4.18); v,, 
1 760 and 1 200 cm-l (aromatic OAc); tSH 1.92 (s, Me), 
1.95 (s, Me), 2.13 (s, OAc), 2.25 (s, OAc), 6.97 (s, 6-H), and 
7.28 (s, ArH) ; mlz 298 (M+'),  256, and 214; aC 10.5 (Me at 
C-5), 16.2 (Me a t  C-3), 20.4 (OCOMe), 123.8 (C-3), 127.3 
(C-6), 128.0 (C-5), 128.1 (C-2'and C-6'), 128.8 (C-3'and C-5'), 

(C-4), 168.4 (OCOMe), and 168.6 p.p.m. (OCOMe). 
Rearvangement of 4-Hydroxy-2,6-di-isopropyZ-4-pheny~- 

cycZohexa-2,5-dienone (4) .-A solution of the p-quinol (4) 
(50 mg, 0.19 mmol) in acetic anhydride (0.7 ml) and con- 
centrated sulphuric acid (1 drop) was kept a t  room temper- 
ature for 24 h, and then poured onto ice. The crude product 
was subjected to p.1.c. (hexane-diethyl ether, 3 : 1)  to give: 
(i) 4-acetoxy-3,5-di-isopropyl-l, 1'-biphenyl (27) (5 mg, 9%), 
Amxe 233 nm (log E 4.17); vmX. 1760 cm-l (OAc); i3= 1.22 
(d , J  7 Hz,CHMe,), 2.32 (s, OAc), 2.90 (sp,J 7 Hz,CHMe,), 
and 7.17-7.62 (m, ArH) ; m/z 296 (&I+'), 254, and 239; and 
(ii) 3,5-di-isopropyZ-l, l'-biphenyZ-2,4-diyZ diacetate (49) (25 
mg, 37y0), m.p. 105-107 "C (from pentane-diethyl ether) 
(Found: C, 74.3; H, 7.6. C,,H,,O4 requires C, 74.6; H, 
7.4%), A,, 232 nm (log E 4.28) ; v- 1 760 cm-l (aromatic 

129.5 (C-4'), 132.7 (C-1), 137.6 (C-l'), 145.0 (C-2), 147.7 
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OAc); 8, 1.22 (d, J 7 Hz, CHMe,) 1.87 (s, OAc a t  C-2), 2.30 
(s, OAc at C-4), 2.92 (sp, J 7 Hz, CHMe,), 6.98 (s, 6-H), and 
7.25 (s, ArH); .m/z 354 (M+'), 312, 270, and 255. 

A cid-catalyzed Reactions of 4-Hydroxy-4-methyl-2 , 6-di-t- 
butylcyclohexa-2,5 dienone (7) .-(a) In Ac20-H,S04. Con- 
centrated sulphuric acid (3 drops) was added to a solution of 
the p-quinol (250 mg, 1.06 mmol) in acetic anhydride (2 ml). 
The mixture was kept a t  room temperature for 24 h. 
Work-up, followed by p.1.c. (hexane-diethyl ether, 3 : l ) ,  
gave : (i) 4-acetoxy-3,5-di-t-butylbenzyl acetate (29) (153 
mg, 45%), b.p. (Kugelrohr) 130-130.5 "C at  0.2 mmHg 
(lit.,29 166-168 "C a t  7 mmHg) (Found: C, 71.0; H, 8.9. 
Calc. for C1,H2,04: C, 71.2; H, 8.8y0), AmX. 262 nm (log e 
1.70); v,, 1 742 (aromatic OAc) and 1 730 cm-l (benzylic 
OAc); 8~ 1.33 (s, CMe,), 2.05 (s, OAc), 2.27 (s, OAc), 4.98 
(s, PhMe), and 7.20 (s, ArH) ; m/z 320 (M+*),  278, and 263; 
6, 21.0 (OCOMe), 22.6 (OCOMe), 31.4 (CMe,), 35.4 (CMe,), 
66.5 (PhCH,), 126.6 (C-2 and C-6), 132.7 (C-l), 142.7 (C-3 
and C-5), 147.9 (C-4), and 170.8 p.p.m. (OCOMe) ; and (ii) 
4-hydroxymethyl-2,6-di-t-butylphenyl acetate (28) ( 16 mg, 
5%), m.p. 98-100 "C (from hexane) (Found: C, 73.2; H, 
9.6. C1,H2,0, requires C, 73.4; H, 9.4y0), A,, 261 nm 
(log E 2.00); vmx. 3 450 (OH) and 1 758 cm-1 (aromatic 
OAc); 8, 1.33 (s, CMe,), 1.68 (s, exchangeable on deuteri- 
ation, OH), 2.27 (s, OAc), 4.40 (s, PhCH,), and 7.15 (s ,  
ArH); m/z 278 (M+*),  236, and 229. 

A reaction quenched after 1 h gave only the benzylic 
acetate (29) (62%) ; lH n.m.r. analysis of the crude product 
showed no benzylic alcohol (31). 

A solution of concentrated sul- 
phuric acid (1 drop) in acetic acid (0.1 ml) was added to a 
solution of the fi-quinol (7) (97 mg, 0.41 mmol) in acetic acid 
(1.5 ml). After 24 h work-up lH n.m.r. analysis showed the 
product to be mainly 4-hydroxy-3,5-di-t-butylbenzyl 
acetate,29 6a 1.43 (s ,  CMe,), 2.00 (s, OAc), 4.90 (s, CH,OAc), 
5.12 (s, exchangeable on deuteriation, OH), and 7.05 (s, 
ArH) . 

A solution of BF,*Et20 (1 drop) 
in dry diethyl ether (0.1 ml) was added to a solution of the 
P-quinol (7) (266 mg, 0.89 mmol) in dry diethyl ether ( 1  ml). 
After 24 h, p.1.c. of the crude product gave: (i) 4-(3,5-di-t- 
butyl-4-hydroxybenzyloxy ) -4-methyl-2 , 6-di-t-butylcyclohexa- 
2,5-dienone (51) (160 mg, 79y0), b.p. 164 "C a t  0.4 minHg 
(Found: C, 79.2; H, 10.0. C,,-,H,6O, requires C, 79.2; H, 
10.2%), \,, 273 (log E 3.74) and 225 nm (4.17) ; v,,,, 3 645 
(OH), 1667, and 1645 cm-l (conjugated CO); 8~ 1.22 [s ,  
C(Me),], 1.45 (s, CMe, on aryl ring, and Me), 4.08 (s, CH,O), 
4.95 (s ,  exchangeable on deuteriation, OH), 6.37 (s, 3-H and 
5-H), and 6.88 (s, ArH); m/z 454 412, 235, 220, 219, 
205, 164, 149, and 57; and (ii) starting material (53 mg, 

(d) I n  THF-HC10,. Perchloric acid (600/, aqueous, 3 
drops) was added to a solution of the p-quinol (7) (188 mg, 
0.8 mmol) in THF (1 nil). After 48 h a t  room temperature, 
the solution was partitioned between diethyl ether and 
saturated aqueous sodium hydrogen carbonate. The 
organic layer was Concentrated and the residue was subjected 
to p.1.c. (hexane-diethyl ether, 19 : 1) to give: (i) the un- 
symmetrical dimer (51) (40 mg, 22%) ; (ii) bis(4-hydroxy-3,3- 
di-t-buiyylbertzyl) ether (52) (30 mg, 17y0), m.p. 133-134 "C 
(from MeOH-H20) (Found: C, 79.0; H, 9.9. C30H4603 
requires C, 79.2; H, 10.2%), A,,, 223 nm (log E 3.80); vmX. 
3 650 cm-l (OH); 6~ 1.48 (s, CMe,), 4.35 (s, ArCH,), 
4.97 (s, exchangeable on deuteriation, OH), and 7.02 (s, 
ArH) ; m/z 454 (M+'), 221, 220, 219, 164, 163, and 57; (iii) 

(b) In HOAc-H,SO,. 

(c) I n  Et,O-BF,*Et,O. 

20%). 

starting material (57 mg, 30%) ; and (iv) 4-hydroxy-3,S-di- 
t-butylbenzyl alcohol (31) (10 mg, 5 % ) ,  m.p. 140-145 "C 
(from MeOH) (lit.,,, 140-141 "C), A,, 271 nm (log E 2.77); 
vmx. 3 650 cm-l (OH) ; 6~ 1.45 (s, CMe,), 4.45 (s, ArCH,), 
5.02 (s, exchangeable on deuteriation, OH), and 7.03 (s ,  
ArH) ; m/z 236 (M+') and 221. 

(e) 1,2-Dimethoxyethane-Nafion H .  A mixture of the p -  
quinol (7) (106 mg, 0.50 mmol) and Nafion-H 30 in 1,2-di- 
methoxyethane (1 ml) was stirred a t  room temperature for 
24 h. Decantation of the solution, concentration of the 
solution, and p.1.c. (hexane-diethyl ether, 9 : 1) of the residue 
gave : (i) 4,4'-methylenebis(2,6-di-t-butylphenol) (53) (14 
mg, 5%) m.p. 151-154 "C (from MeOH) (lit.,,l 154-156 "C), 
A,,, 273 (log E 4.03) and 232 nm (4.62); v,, 3 650 cm-l 
(OH); aH 1.42 (s, CMe,), 3.73 (s, CH,), 4.88 (s, exchangeable 
on deuteriation, OH), and 6.82 (s,  ArH) ; m/z 424 (Aft'), 409, 
367, and 219; (ii) the unsymmetrical dimer (51) (18 mg, 
6%);  (iii) the symmetrical dimer (52) (41 mg, 13%); (iv) 
starting material (16 mg, 10%); and (v) the monomeric 
benzyl alcohol (31) (19 mg, 12%). 

[1/1722 Received, 6th November, 19811 

REFERENCES 
K. F. Wedemeyer in ' Methoden der Organischen Chemie,' 

(Houben-Weyl) Band VI/IC, Phenole, Teil 2, ed. E. Miiller, 
Georg Thieme, Stuttgart, 1976, p. 810. 

A.  J. Waring, J. H. Zaidi, and J. W. Pilkington, J .  Chem. 
SOC., Perkin Trans. I ,  1981, 1454. 

D. M. Gash and P. D. Woodgate, Aust .  J .  Chem., 1979, 32, 
1863. 

G. G. I .  Moore and A. R. Kirk, J .  Org. Chem., 1979, 44, 
925. 

5 A. Rieker in ' Methoden der Organischen Chemie,' (Houben- 
Weyl) Band VII / I I Ib ,  Chinone, 11, ed. C. Grundmann, Georg 
Thieme, Stuttgart, 1979, p. 529. 

6 A. Fischer and G. N. Henderson, letrahedron Lett., 1979, 
701. 

D. Liotta, M. Saindane, and C. Barnum, J .  Org. Chem., 1981, 
48, 3370. 

8 H. M. Crawford and M. McDonald, J .  Am. Chenz. SOC., 1949, 
71, 2681. 

n D. A. Evans, J. M. Hoffmann, and L. K. Truesdale, J .  A m .  
Chem. SOC., 1973, 95, 5822. 

D. A. Evans and R. Y .  Wong, J .  Org. Chem., 1977, 42, 
350. 

11 A. Nishinaga, T. Itahara, and T. Matsuura, Bull. Chem. SOC. 
J p n . ,  1976, 48, 1683. 

l2 Y. Abe, Bull. Chem. SOC. J p n . ,  1943, 18, 93. 
13 W. Metlesics, F. Wessely, and €3. Budzikiewicz, 'I'etrnhedvon, 

1959, 6, 345. 
l4 J. F. W. McOniie and S .  A. Saleh, Tetrahedron, 1973, 29, 

4003. 
l6 M. Tashiro, Synthesis, 1979, 921. 
l0 T. A. Modro and K. Yates, J .  A m .  Cliekn. SOC., 1976, 98, 

4247. 
l7 E. K. Cole, G. Crank, and H. T. Hai Minh, -4~is t .  J .  Chem., 

1980, 33, 676. 
18 J. H. Clark, H. L. Holland, and J. M. Miller, Tetrahedron 

Lett., 1976, 3361; W. Bonthrone and J. W. Cornforth, J .  Chem. 
SOC. C, 1969, 1202; H. Fujita and M. Yamashita, Bull. Chem. SOC. 
J p n . ,  1973, 46, 3553; I .  R. C. Bick and R. A. Russell, Aust .  J .  
Chem., 1969, 22, 1563; A. P. Bashnall and J. F. Collins, Tetra- 
hedron Lett.. 1975, 3489. 

la D. E. Nichols and L. J.  Kostuba, J .  Med. Chem., 1979, 22, 
1264. 

2O M. F. Ansell and A. J.  Bignold, Chem. Commun., 1969, 1096. 
21 B. Speiser and A. Reiker, J. Chem. Res., 1977, ( S ) ,  314; 

22 V. P. Vitullo and E. A. Logue, J .  Org. Chem., 1973, 38. 

23 H. Meerwein, V. Hederich, H. Morschel, and K. Wunderlich, 

( M ) ,  3601. 

2265. 

Annalen, 1960, 635, 1. 



I. CHEM. SOC. PERKIN TRANS. I 1982 

24 H. Perst, ‘ Oxonium Ions in Organic Chemistry,’ Academic 
Press, New York, 1971, p. 8. 

26 U. R. Ghatak, B. Sanyal, S. Ghosh, M. Sarkar, M. S.  Raju, 
and E. Wenkert, J .  Org. Chern., 1980, 45, 1081. 

26 F. W. Wehrli and T. Wirthlin, ‘ Interpretation of Carbon-13 
N.m.r. Spectra,’ Heyden, London, 1976, p. 47. 

27 P. Grunanger in ‘ Methoden der Organischen Chemie,’ 
(Houben-Weyl), Band VII/IIIb, Chinone 11, ed. C .  Grundmann, 
Georg Thieme, Stuttgart, 1979, p. 395. 

1507 

G. M. Coppinger, J .  A m .  Chem. SOC., 1957, 79, 2758. 
29 M. Lounasmaa. Acta Chem. Scand., 1967, 21, 2807. 
30 G. A. Olah and D. Meider, Synthesis, 1978, 358. 
31 J.  Kahovec and J. Pospisil, Colkct. Czech. Chem. Cummun., 

32 H.-J. Teuber and W. Rau, Chem. Ber., 1953, 86, 1036. 
33 J. Sugita, Nippon Kagaku Zasshi, 1966, 87, 1082 (Chem. 

1968, 88, 1709. 

Abstr., 1967, 66, 9 4 7 7 7 ~ ) .  


