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Synthesis of a 
naphthalene-I ,6(2#,8aH)-dione t 

cylcyclo hexa -25-d ienone: 3,4- D i hyd ro - 3 3 ,  

Anthony John Waaing" and Javid Hussain Zaidi 
Department of Chemistry, University of Birmingham, P.O. Box 363, Birmingham B 15 2TT 

The synthesis is reported of 3,4-dihydro-3,3,8a-trimethylnaphthalene-l,6(2H, 
Me). This is the first isolated 4-acylcyclohexa-2,5-dienone, a class of C O ~ ~ O U ~ I  
particularly as intermediates in the Fries and photo- Fries rearrangements. The dienone 
easy acyl cleavage in the presence of bases or dilute acids, to form a phenolic acid 
or a retro-Fries migration of the acyl group from the 4-position to the dienone ring 
isolation of 4-acetyl-4-methylcyclohexa-2,5-dienone. Concentrated aqueous sulphuri 
rearrangement of the dienone to 3,4-dihydro-8-hydroxy-3,3,5-trirnethylnap 
R = Me), via recyclisation of (18). In trifluoroacetic acid solutions the same 
formed from the dienone by direct, formal dienone-phenol rearrangement 

)-dione (11; R = 

) ,  Similar cleavage, 
gen, has prevented 

4-Acylcyclohexa-2,5-dienones have been little studied because 
of their low stability. They have been postulated as unstable 
intermediates in the photo-Fries rearrangement of the carb- 
oxylate esters of phenols. For example, (1; R = Me, R' = H) is 
believed to be an intermediate in the photo-rearrangement, with 
acyl migration to C-4, of phenyl acetate,' - 3  and (1; R = R' = 
Me) in that of 4-methylphenyl a ~ e t a t e . ~  Similarly, the dienone 
(1; R = Ph, R' = H) would be involved in the formation of 4- 
hydroxybenzophenone from phenyl benzoate. ' v 5  The 4-acyl- 
cyclohexadienones are implicated as intermediates in the 
thermal, acid-induced Fries rearrangement equilibria between 
aryl carboxylates and 4- and 2-a~yl-phenols.~ They represent the 
products of ipso-acylation of 4-substituted phenols, and could 
also formally be produced by 4-alkylation of 4-acylphenols. 
(For many analogous substitutions, see ref. 7.) They have also 
been sought as intermediates in synthetic studies, reference to 
which will be made later. 

A major impetus for our interest was the hope that 4-acyl-4- 
alkylcyclohexadienones might be excellent compounds for 
measuring the migratory aptitudes (migration tendencies) of acyl 
groups in carbonium ion rearrangements. We hoped to measure 
the rates of the reaction sequence (1) to (2), in which the rate- 
determining step should be the acyl migration, particularly 
when the group R' which is left behind is methyl. This would 
allow quantitative comparison with other migrating groups 
which we have studied previously, using the reactions (3) to 
(4).879 

A ttempfed Syntheses.-A number of superficially attractive 
approaches to (1; R = Me, R' = methyl or allyl) were based on 
the 4-alkylation of 4-hydroxyacetophenone (5). These have 
extensive analogy in the cyclohexadienone ~ e r i e s , ~  but will not be 
described in detail. The high instability of the products towards 
bases (see later, and ref. lo), and competing ether formation, 
rendered this approach useless. We were led, therefore, to routes 
based on dehydrogenation of the cyclohexenones (6). These 
compounds are available using Danishefsky's method,' ' which 
uses a Diels-Alder addition of the eponymous diene (7) to a$- 
unsaturated ketones (8), and then hydrolysis/elimination of the 
adducts (9). We first made 4-acebyl-4-methylcyclohexenone.12 
Various attempts to isolate the dienone (1, R = R' = Me) by 
dehydrogenation failed, but all gave evidence that it had been 
formed and decomposed. Thus, reaction of the enone with 2,3- 
dichloro-5,6-dicyano- 1 , 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~  (DDQ), which is 

Preliminary report: J. H. Zaidi and A, J. aring, J .  Chem. SOC., Chem. 
Commun., 1980, 618. 
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believed to dehydrogenate ketones by abstracting hydride ion 
from the 3-position of their (1,2)-en01 form,13 gave 4- 
methylphenyl acetate. Treatment of the enone with benzene- 
seleninic anhydride, which is believed to form unsaturated 
ketones and dienones via a concerted elimination of 
benzeneseleninic acid from intermediate a-phenylselenoxy- 
ketones,14 gave the same result. Oxidation using selenium 
dioxide in t-butyl alcohol, another standard route to 
cyclohexadienone~,~ which also succeeds in the preparation of 4- 
alkyl-4-ethoxycarbonylcyclohexa-2,5-dienones,' gave only 4- 
methylphenol. We believe that these reactions, which use a 
variety of mechanistically different pathways, give the desired 
dienone (1; R = R' = Me), which then reacts further, as 
discussed later. 

In order to achieve milder dehydrogenation conditions we 
tried routes employing a-phenylsulphinyl- and a-phenyl- 
selenoxy-ketones. Many ketones have been converted, via their 
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a-phenylthio derivatives, into a-phenylsulphinyl ketones, which 
easily lead to +unsaturated ketones by elimination of 
benzenesulphenic acid." The closest analogies at the time were 
the efficient conversions of 2-methyl- and 2,6-dimethyl-cyclo- 
hexanone into 6-methyl-and 2,6-dimethyl-cyclohexenone. l 6  

Clearly, the conversions of many cyclohex-2-enones into 
cyclohexa-2,5-dienones are more complex, because tegiospecific 
enolate anion formation is required at C-6. Our 4-acetyl-4- 
methylcyclohexenone (6; R = R' = Me) also has the enolisable 
acetyl group. We thought the former ambiguity was unlikely to 
be a problem, because Conia's group had shown that the 
enolates from cyclohex-2-enones are formed, under kinetic 
control, preferentially or exclusively at C-6.' We tried 4,4- 
dimethylcyclohex-2-enone as a model. The lithium enolate 
(lithiun di-isopropylamide in THF) was quenched with 
dipheiiyl disulphide to give a product assumed, from its 'H 
n.m.r. spectrum, to be 4,4-dimethyl-2,5-bis(phenylthio)- 
cyclohexanone, formed by Michael addition of the phenylthio 
anion to 4,4-dimethyl-6-phenylthiocyclohex-2-enone ( 1 0  R = 
R' = Me, X = S). Oxidation, followed by pyrolysis, gave some 
of the desired dienone. However, similar treatment of 4-acetyl- 
4-methylcyclohex-2-enone gave no trace of the corresponding 
dienone (1; R = R' = Me). An alternative approach, used very 
successfully by Danishefsky and his co-workers,16 employs the 
Diels-Alder addition of Danishefsky's diene (7) to a p- 
phenylsulphinyl-a,P-unsaturated ketone. The adduc& readily 
loses benzenesulphenic acid, and with dilute aqueous acid 
suffers hydrolysis of the silyl enol ether and elimination 
of methanol. We made 3-methyl-4-phenylthiobut-3-en-2-one 
from 2-methylbutane-1,3-dione (3-formylbutan-2-one) and 
benzenethiol. Oxidation with sodium periodate gave the 
corresponding sulphoxide which was heated with diene (7) 
under the conditions used by Danishefsky.'* However, the 
reaction mixture after work-up showed no evidence ('H n.rn.r.) 
of the desired dienone (1; R = R' = Me), but only of recovered 
sulphoxide. We assume that the additional steric hindrance at 
C-3 in our sulphoxide, compared with those used before," is 
responsible for the failure of the Diels-Alder addition. 

Given the failure of the reactions described so far, we turned 
to seleno-ketones, which allow very mild and general intro- 
duction of a$-unsaturation. l 9  The best route from the acetyl- 
enone (6; R = R' = Me) to its 6-phenylseleno derivative used 
auto-acid-catalysed enolisation, effected by heating the enone 
with benzeneselenenyl chloride in ethyl acetate. This method, 
which was developed by Plieninger and Gramlich for their 
synthesis of disodium prephenate gave formation of the 
conjugated 1(6),2(3)-dienol, and selenylation at C-6, rather than 

at the acetyl group. A mixture of almost equal amounts of the 
two diastereoisomers of (10; X = Se, R,R' = Me, COMe) was 
formed: analysis by n.m.r. spectroscopy showed that both have 
an equatorial phenylseleno group, and the 4-acetyl group is cis 
or trans to it. Oxidation of the mixture using 30% aqueous 
hydrogen pzroxide and dichloromet hane (2-phase system) at & 
25 "C gave a quantitative yield of 4-methylphenol as the sole 
detectable product. Oxidation using an equivalent of ozone in 
dry ether at -78 "C. then warming to 20 "C, similarly gave 
4-methylphenol. Ozonation in dichloromethane at - 78 "C, 
then warming and rapid aqueous work-up, gave a mixture of 
4-methylphenol and its acetate. We ascribe these results to 
formation of the desired dienone (1; R = R' = Me), with 
subsequent de-acetylation or migration of the acetyl group as 
discussed later. Comparable results were obtained by 
Danishefsky's group when they tried to make 4-formylcyclo- 
he~a-2,5-dienones.~ 

It is clear from the foregoing results that the dienone (1; 
R = R' = Me) is unstable towards a variely of reagent types. 
We therefore sought an analogous group of compounds in 
which some of the instability could be suppressed. We first 
aimed for (11; R = H), in which acyl migration to the dienone 
oxygen is prevented. Oxidation of the Wieland-Miescher 
ketone (12; R = H) with DDQ in boiling benzene gave only 
8-hydroxy-5-rnethyl-1,2,3,4-tetrahydronaphthalen-l-one (13; 
R = H), which is assumed to arise from the desired dienone (or 
its precursor cation) by migration of the acyl group, either by 
one 1,3-migration or by two successive 1,2-shifts as shown in 
Scheme 1 .  This unwanted result at least shows that the acyl 
group migrates more readily than does the methyl group under 
these conditions.* Protection was therefore sought for the acyl 
function until after the dienone ring had been formed. Boro- 
hydride reduction of (12) gave the known alcohol (14; R = 
R' = H). Acetylation or trifluoroacetylation, by the acid 
anhydrides and pyridine, gave the known acetate (14; R = H, 
R' = Ac)22323 and the trifluoroacetate (14; R = H, R' = 
CQCF,). Dehydrogenation using DDQ in benzene, or more 
satisfactorily using benzeneseleninic anhydride (BSA),14 gave 
the known acetoxy- 2 3  and the new trifluoroacetoxy-dienone 
(15; R = H, R' = Ac and COCF,, respectively). Attempts were 
then made to cleave the acetate and trifluoracetate ester 
functions, preparatory to mild neutral oxidation to form (11; 
R = H). Bell had previously hydrolysed the acetate, but under 
vigorous conditions which produced a rearranged product, 

* It should be noted that methyl migration from C-8a to C-8 would 
leave behind an a-keto-carbenilam ion which, although possible, would 
be unfavourable. Alkyl migration in the second step of a 2-step process 
(see Scheme l'r would also give such a cation. 
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Scheme 1. 

8-hydroxy-5-methyl- 1,2,3,4-tetrahydr0naphthalen-l-ol.~~ The 
hydroxy-ketone (14; R = R’ = H) is also known to fragment 
in a similar manner under alkaline  condition^.^^,^^ We found 
very mild conditions, such as treatment of the acetate with 
catalytic amounts of 1 0 - 2 ~  alcoholic potassium hydroxide, or 
with an equivalent of 9 x l C 3 ~  alcoholic potassium carbonate, 
or of the trifluoroacetate with the latter, gave only 4-(5-hydroxy- 
2-methylpheny1)butanal (16) as a fragmentation product. This 
phenolic aldehyde cyclises to the 8-hydroxy-5-methyl- 1,2,3,4- 
tetrahydro-1 -naphthol under more strongly alkaline conditions. 
None of the desired hydroxy dienone (15; R = R’ = H) was 
detected. We also briefly investigated acid-sensitive protecting 
groups for the acyl function, but found the tetrahydropyranyl 
ether of the alcohol (14; R = R’ = H),25 for example, to be 
completely decomposed by reaction with DDQ. Other cases 
were also unsuccessful. 

An alternative potential route to (11; R = R’ = H) (Scheme 
2) was based on Danishefsky’s addition of the diene (7) to the 
phenylsulphinyl ketone (19; R = H), which led ultimately to 
6-hydroxy- 1,2,3,4-tetrahydronaphthalen- 1 -one, the phenolic 
tautomer of a dienone. * The same approach has been applied 
more recently also.26 We prepared 2-methyl-3-phenylthio- 
cyclohex-2-enone, which was oxidised incompletely to the 
sulphoxide (19; R = Me). All our attempts to achieve Diels- 
Alder addition led only to slow decomposition of the diene (7), 
with recovery of the sulphoxide, and no detectable dienone 
formation. As before we ascribe this failure to the additional 
steric hindrance introduced by the 2-methyl group in the 
dienophile. 

The evidence so far was that the reactivity of the non-dienone 
ring needed to be reduced further, particularly towards 
nucleophilic attack at the acyl group. The bicyclic enone (12; 
R = H), a vinylogous 0-diketone having a fully alkylated a- 
carbon atom, is known to be very susceptible to alkaline 
~leavage.~’-’~ We therefore made known bicyclic enone (12; 
R = Me) from dirned~ne.~’ In accord with our parallel study 
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Scheme 2. 

of (12; R = H), DDQ oxidation of this enone gave the hydroxy- 
trimethyltetralone (13; R = Me), whose structure was studied 
critically (see Experimental section). Again, it seems that the 
desired dienone is formed, but that it undergoes a dienone- 
phenol rearrangement, formally as shown in Scheme 1. Our next 
aim was to produce a lithium enolate from the enone (12; R = 
Me). The kinetically controlled enolate formation would be 
expected to occur on the a’-side of the a$-unsaturated ketone 
function, as is found for monocyclic cyclohexenones, l 7  a 
tendency which should be reinforced by the presence of the 
gem-dimethyl group. When (12; R = Me) was added to a slight 
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excess of lithium di-isopropylamide in THF at -78 "C, then 
warmed to 5 "C and treated with an excess of bromine in 
dichloromethane, no evidence was found of the expected ' 7 , 3  ' 
a-bromo-ketone (17; X = Br). Only the starting enone was 
recovered. Grieco and his co-workers have subsequently re- 
ported that the Wieland-Miescher ketone (12; R = H) and its 
4a-methyl derivative both form the enolates of the saturated 
ketone function under the same  condition^.^^ It seemed then 
that formation of the desired a-phenylseleno-ketone from the 
enolate in this way would fail. However, treatment of the 
enone (12; R = Me) with benzeneselenenyl chloride in ethyl 

gave the stable phenylseleno-ketone (17; R = a- 
SePh), as white crystals. Oxidation with aqueous hydrogen 
peroxide at 0 "C, which served in the preparation of disodium 
prephenate,20 caused fragmentation to the acid (18), which will 
be met again later. Oxidation with m-chloroperbenzoic acid in 
dichloromethane at - 10 "C gave the dienone, but adequate 
purification proved impossible. However, the use of a molar 
equivalent of ozone in ether at - 78 "C, followed by warming of 
the selenoxide solution [17; X = Se(O)Ph] to 20 "C to effect 
elimination, gave the dienone (11; R = Me), eventually as a 
white crystalline solid after a critical purification. 

Properties qf the Cyclohexadienone (1 1; R = Me).-The pure 
dienone is thermally stable; it does not (<0.1%) decompose 
on being heated at reflux in benzene, under nitrogen during 
72 h. It is, however, very sensitive towards acids and bases. 
In 5 x l W 3 ~  aqueous sulphuric acid at 25 "C it has a half-life 
of 90 s. Rate constants for its decomposition are given in the 
Experimental section. Preparative reactions in aqueous acids 
or alkalis gave the cleavage product (18), a phenolic acid. In 
1 0 " ~  sodium hydroxide the dienone's half-life is 490 s: in 
1 0 - 3 ~  hydroxide the value is a few seconds. A different product 
is formed when the dienone is treated with concentrated 
sulphuric acids. In 78.0% aqueous sulphuric acid at 25 "C 
the hydroxytetralone (13; R = Me) is the sole product. The 
same compound is given from the cleaved acid (18) under the 
same conditions and, most importantly, at  the same rate. The 
same held true in 68% acid. However, in 50% acid the dienone 
gave only the cleaved acid (18) which did not react further 
within 24 h. We conclude that the dienone cleaves very rapidly 
to (18), which is stable in less than about 50% sulphuric acid, but 
cyclises to give the hydroxytetralone in more concentrated acid. 
Under these conditions, this seems to be the sole route to the 
tetralone. 

In attempts to observe true acyl migrations which might 
convert the dienone into (13; R = Me) via the sequence shown 
in Scheme 1, we investigated rearrangements induced by tri- 
fluoroacetic acid. Marx and his co-workers had observed clean 
migration of the ethoxyearbonyl group from C-4 to C-3 of 4- 
alk yl-4-ethox ycarbonylcyclohexadienones, at a convenient rate, 
when neat trifluoroacetic acid was used as the solvent.'5 When 
our dienone was injected into the neat acid at - 10 "C in an 
n.m.r. tube, rapidly mixed, and the spectrum recorded immed- 
iately, the dienone was found to be completely converted into 
the tetralone (13; R = Me). The same was found using 15"/, w/w 
trifluoroacetic acid in deuteriated dichloromethane at - 20 "C. 
However, reaction in 2.1% w/w acid in this solvent at - 10 "C 
proceeded at a measurable rate (half-life 315 s), and again gave 
only the tetralone. No intermediate could be detected. Separate 
experiments showed that the open-chain acid (18) does not react 
under these conditions: in particular, it does not cyclise to the 
tetralone. 

Discussion 
It is clear from this work that 4-acylcyclohexa-2,5-dienones can 
be made, but that they are sensitive in a number of ways. First, 

they are readily cleaved by nucleophiles. This type of reactivity 
will be discussed in detail in a later report, but it is in accord with 
the dienones being vinylogues of 2,2-disubstituted 1,3-diketones, 
which have the same property,34 with the additional driving 
force of aromatisation. This severely restricts the methods 
available for preparing the dienones, and explains the failure of 
previous attempts.' 1 * 2 6  The analogous 4-alkoxycarbonyl-4- 
alkylcyclohexadienones are much more stable and can be made 
by relatively vigorous procedures. ' 5 , 2  ' 

The second type of sensitivity of the acyl dienones is towards 
acids. The cleavage in dilute acid was not studied in detail, but 
the profile of a plot of log,, (rate constant) against pH is 
parallel to those obtained in more extensive studies on pure, 
isolated 4-acylcyclohexa-2,5-dienones. ' We believe, therefore, 
that the cleavage is by an A1 process, in which the dienone is 
protonated, rapidly and reversibly, at the dienone carbonyl 
oxygen, and then suffers rate-determining cleavage of the 
dienone-to-acyl bond." The next type of reaction in acidic 
media is the easy acyl migration from C-4 to the carbonyl 
oxygen atom shown up in some of our preparative work. 
Subsequent studies on simpler, isolated 4-acyl-4-alkylcyclo- 
hexa-2,Sdienones have shown this reaction to be general." 
Formally it is a reversal of the well known Fries rearrangement. 
The closest analogy we know is the reversible conversion of a 
number of 2- and 4-benzoyl-phenols into the corresponding 
phenyk benzoates.6 This was effected by strong heating in the 
presence of trifluoromethanesulphonic acid, which is clearly 
needed to effect ips0 protonation of the acyl phenols, and gives 
the dienone tautomer which then rearranges. In one case 
studied6" it was found that the benzoyl group of a 4- 
benzoylphenol migrated relatively rapidly to the dienone 
oxygen atom, to form the phenyl benzoate, but that benzoyl 
migration from oxygen, or from the 4-position, to C-2, is much 
slower. The 2-benzoylphenol is the most stable isomer, and 
Effenberger has given evidence for a dissociation/recombination 
process.6a The rearrangement of the acyl dienone (11; R = Me) 
to the hydroxytetralone (13; R = Me) presents mechanistic 
difficulties, which we are studying with the help of other 
compounds. The overall process is of a 1,3-acyl migration, from 
the 4- to the 2-position of the potential phenol ring. If this were 
to occur by an intramolecular process, by two successive 1,2- 
migration steps (Scheme l), it would be similar to many dienone 
rearrangements known in steroidal and related corn pound^.^,^^ 
The calculation of a migration tendency for the acyl group 
would then be possible, in principle. If, however, the migration 
were to occur by a dissociation/recombination process, as also 
shown in Scheme 1, this concept would have little validity. We 
hope to be able to give evidence on this matter shortly. 

Experimental 
4-Acetyl-4-methylcyclohex-2-enone (6; R = R' = Me).' 2-3- 

Methylbut-3-en-2-one (methyl isopropenyl ketone) 36 (7.0 g) 
and 1-methoxy-3-trimethylsilyloxybuta-1,3-diene (7) ' (12.32 g) 
were mixed in dry benzene (40 cm3) and the mixture was stirred 
at reflux under nitrogen during 14 h. The residue obtained after 
the mixture had been cooled and evaporated under reduced 
pressure was mixed with hydrochloric acid (40 cm3; 0 . 1 ~ )  and 
THF to render the mixture homogeneous, and it was stirred for 
1 h at 20 "C. After dilution with water (30 cm3), extraction with 
ether, washing of the extracts (saturated aqueous sodium 
hydrogen carbonate, then water), and evaporation, the crude 
title compound was obtained as a yellow oil. Spinning-band 
distillation gave pure enone (2.7 g, 25%) as a pale yellow oil, 
vmaX.(CCl4) 2 970,2 930,l 710, and 1 680cm-'; 6(CC1,) 1.35 (3 H, 
s, 4-Me), 2.18 (3 H, s, acetyl), 5.89 (1 H, d, J 1 1  Hz, 2-H), and 
6.91 (1 H, d, J 11 Hz, 3-H) (Found: C, 71.3; H, 8.1. Calc. for 
C,H,,O,: C, 71.0; H, 7.9%). 
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Oxidation of 4-Acetyl-4-methylcyclohex-2-enone.--(a) With 
DDQ. The preceding enone (0.20 g) was added to DDQ (0.30 g, 
1.0 mol equiv.) in dry benzene (10 cm3) and the mixture heated 
at reflux under nitrogen, with g.1.c. monitoring (25% XF1150 
column at 180 "C). After 85 h and 180 h additional DDQ (0.30 g 
each time) was added. After 220 h, at  90% conversion, the 
mixture was cooled, filtered, and concentrated under reduced 
pressure. The solid residue was extracted with boiling ether 
(4 x 15 cm3), and the extracts were washed successively with 
aqueous sodium sulphite and water, and dried. The product 
after concentration (0.1 g, 35%) was identical (i-r., 'H n.m.r. 
g.1.c.) with an authentic sample of 4-methylphenyl acetate. 

(b) With benzeneseleninic anhydride (BSA). The enone (0.1 g) 
was dissolved in dry benzene (10 cm3), BSA3' (0.24 g, 1 mol 
equiv.) was added, and the mixture was treated at  reflux under 
nitrogen, with monitoring as above. Additional BSA (0.24 g) 
was added after 36 h, and all starting material was used up by 
48 h. After being cooled, diluted with ether, and washed 
(aqueous sodium hydrogen carbonate, then water), the dried 
solution was concentrated to a yellow mass. Chromatography 
[15 cm silica column; light petroleum (40-60  "C)] gave only 
diphenyl diselenide and 4-methylphenyl acetate (0.03 g). 

(c) With selenium dioxide. The enone (0.1 g) was heated at 
reflux, under nitrogen, with freshly sublimed selenium dioxide 
(74 mg, 1 mol equiv.) in t-butyl alcohol (10 cm3) and a little 
glacial acetic acid during 18 h. Analysis by g.1.c. showed 95- 
98% conversion into 4-methylphenol. Work-up as in ref. 38 gave 
4-me t h yl p henol. 

Sulphen yla t ion, and A t tempted Deh ydrosulphenyb tion of 4- 
Acetyl-4-methylcyclohex-2-enone.-The enone (0.50 g, 3.3 
mmol) was dissolved in dried THF (5 cm3) and the solution was 
added to lithium di-isopropylamide (from 3.56 mmol of n-butyl- 
lithium), with 2,2'-bipyridyl as indicator, under nitrogen, at 
- 78 "C. After being warmed, and kept at  0-5 "C for 15 min, the 
soluticn was heated with diphenyl disulphide (0.776 g, 3.56 
mmol) and was stirred at 20 "C overnight. The mixture was 
diluted with ether, washed successively with 10% hydrochloric 
acid, aqueous sodium hydrogen carbonate, and brine, and 
dried. Evaporation gave the sulphenylation product (0.95 g) as a 
yellow solid. This was dissolved in methanol (30 cm3) and 
oxidised 39 at 0 "C with saturated aqueous sodium periodate 
(0.55 g in 20 cm3). A thick white precipitate formed within 5 min, 
and the mixture was stirred overnight at 20°C. It was then 
diluted with water, extracted (CHCI,), the extracts washed with 
brine, dried, and the solvent evaporated off. The residue was 
heated at reflux overnight in sodium-dried toluene (25 cm3). The 
residue obtained after concentration showed no evidence of the 
dienone (1; R = R' = Me) by n.m.r. analysis. 

Sulphenylation and Dehydrosulphenylation of 4,4-Dimethjd- 
cyclohex-2-enone.-The cyclohexenone 36 (0.50 g, 3.3 mmol) 
was treated as above. TEe product, a pale yellow solid, had 
6(CC14) 8.8 (6 H, s, gem dimethyl), 2.75 (m, 2 Ph), and a complex 
methylene absorption, but no olefinic peaks. We assume the 
product to be 4,4-dimethyl-2,5-bis(phenylthio)cyclohexanone, 
formed by Michael addition of phenylthio anion to an initially 
formed 6-phenylthiocyclohex-2-enone. Pyrolysis as above gave 
as product a compound with g.1.c. behaviour identical with that 
of authentic 4,4-dimethylcyclohexa-2,5-dienone. 

3-Methyl-4-phenylthiobut-3-en-2-one.-2-Methyl-3-0~0- 
butana14* (6.0 g, 0.06 mol) was heated with benzenethiol(6.2 g, 
0.061 mol) and toluene-p-sulphonic acid (0.6C g) in benzene, 
under nitrogen, with removal of water using a Dean-Stark 
head.41 After 8 h, water (1.3 cm3) had collected, and the mixture 
was cooled, poured into 1% aqueous sodium hydroxide, and 

extracted with ether (5 x 25 cm3). The extract was washed 
successively with 25% aqueous potassium hydroxide, water, and 
brine. After the extract had been dried the solvent was 
evaporated off, and the brown oil was distilled using a spinning- 
band column, to give the thio-enol ether, a yellow oil, b.p. 12& 
125 "C at 0.1 mmHg, vmaX.(CCl4) 3 058, 2 920, 1 660, 1 580, and 
690 cm-'; 6(CC14) 1.85 (3 H, s, 3-Me), 2.28 (3 H, s, l-H3), and 
7.37-7.08 (6 H, 4-H and Ph) (Found: C, 68.7; H, 6.2; S, 17.0. 
C , ,H120S  requires C, 68.7; H, 6.3; S, 16.7%). 

Oxidation to 3-MethyI-4-phenylsulphinyIbut-3-en-2-one, and 
attempted Diels-Alder Addition to the Diene (7).-The foregoing 
sulphide (1 .O g) was oxidised as described above 39 to give a 
yellow oil (0.95 g), 6(CC14) 1.84 (3 H, s, 3-Me), 2.12 (3 H, s, l-H3), 
and 7.6-7.15 (6 H, m, 4-H and Ph), whose microanalysis 
suggested it to be mainly the title sulphoxide, contaminated 
with unchanged starting sulphide. This mixture (0.5 g) was 
heated with the diene (7) (0.73 g) in anhydrous toluene (20 cm3), 
under nitrogen, for 50 h. Analysis by g.l.c., and work-up of the 
product, showed no reaction to have taken place: the sulphoxide 
was recovered. 

4- Acetyl-4-methyl-6-phenylselenocyclohex-2-enone (10; 
R,R' = Me,COMe, X = Se).4-Acetyl-4-methylcyclohex-2- 
enone (6; R = R' = Me) (0.5 g) was dissolved in freshly dried, 
distilled ethyl acetate (15 cm3) and the solution was stirred 
vigorously while benzeneselenenyl chloride (0.63 g) was added 
at 20 "C. The reaction was monitored by t.1.c. [silica; benzene- 
ether (4: l)]. After 4 h the mixture was washed successively with 
water and brine, dried, and evaporated to give a crude yellow 
oil. This was subjected to a preliminary purification by rapid 
chromatography on Merck Kieselgel60 (70-230 mesh, 30 x 3 
cm) using benzene (ca. 100 cm3) to elute fast running side- 
products. The residue on the column was removed with ether, 
the eluate was rapidly evaporated in the cold, and the residue 
was re-chromatographed carefully on a similar column (40 x 3 
cm), using benzene-ether (4: 1) as eluant, to give the seleno- 
ketone as a mixture of two diastereoisomers, in the ratio 55 : 45, 
vmax.(CC14) 1 720 and 1 692 cm-'; 6(CC14) (major isomer) 1.27 (s, 
4-Me), 2.05 (s, acetyl), 4.20 (d of d, J 12 and 6 Hz, 6-H), 5.95 (d, J 
10 Hz, 2-H), and 6.75 (d of d, J 10 and 1-2 Hz, 3-H); (minor 
isomer) 1.25 (s, 4-Me), 2.17 (s, acetyl), 4.02 (d of d, C J 13 Hz, 6- 
H), 5.92 (d, J 10 Hz, 2-H), and 6.85 (d, J 10 Hz, 3-H): both 
isomers have 6 1.9-2.8 (2 H, m, 5-H) and 7.2-7.5 (m, SePh) 
(Found: C, 58.3; H, 5.2. C,,H,,02Se requires C, 58.6; H, 5.2%). 

Oxidation of 4-Acetyl-4-methyl-6-phenylselenocyclohex-2- 
enone (10; X = Se, R,R' = Me,COMe).-(a) By Xydrogen 
peroxide. The preceding mixture (0.20 g) in dry dichloromethane 
(10 cm3) was stirred at 0 ° C  whilst 30% aqueous hydrogen 
peroxide (0.18 cm3) was added. After 2 h at 0 "C the mixture was 
warmed to 20 "C, diluted with water, and extracted repeatedly 
with dichloromethane. Evaporation of the dried extracts gave 
a quantitative yield of an oil, shown by g.1.c. and n.m.r. 
spectroscopy to be 4-methylphenol. 

(b) By ozone in ether. The seleno-ketone mixture (0.12 g) in 
stirred dry ether (15 cm3) was kept at - 78 "C and dry ozone was 
passed in slowly until no further white precipitate formed. After 
warming to 20 "C the mixture was rapidly washed successively 
with saturated aqueous sodium hydrogen carbonate and brine, 
and dried. Analysis by g.l.c., i.r., and n.m.r. spectroscopy showed 
the product (42 mg, 100%) to be 4-methylphenol. 

(c) As in (b), with addition of acid before warming. In order to 
ensure rearrangement, tho seleno-ketone mixture (0.10 g) was 
treated as in (b), except that after the ozone had been passed in 
there was added trifluoracetic acid (1 drop), and the mixture was 
warmed and treated as above. The product was again 4- 
methylphenol (30 mg, 85%). 
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(d) By ozone in dichloromethane. The seleno-ketone mixture 
(0.16 g) in freshly dried and distilled dichloromethane was 
treated with ozone until the solution just became blue. Oxygen 
was bubbled in to expel excess of ozone, and the solution was 
warmed to 20 "C during 1.5 h. Work-up as above gave an oil 
shown by i.r. and n.m.r. spectra and g.1.c. to be a mixture of 4- 
methylphenol and its acetate. 

8a-Methyl-3,4,7,8-tetrahydronaphthalene- 1,6(2H,8aH)-dione 
(12; R = H).-2-Methylcyclohexane-1,3-dione 42 was treated 
with but-3-en-2-one (methyl vinyl ketone):, to give the title 
compound, m.p. 45-50 "C (lit.,43 47-50 "C). 

Oxidation of Compound (12; R = H) with DDQ.-The pre- 
ceding enone (4.0 g) was added to a solution of DDQ (5.08 g, 1 
mol equiv.) in benzene (100 cm3) and the mixture was heated at  
reflux under nitrogen. The reaction was followed by g.1.c. (20% 
NGS column at 230 "C). After 90 and 180 h further DDQ (2.54 
g) was added. At 240 h almost all the enone had been consumed. 
The mixture was cooled, filtered, and concentrated. The residue 
was extracted with boiling light petroleum (b.p. 40-60 "C; 
6 x 25 cm3), and the combined extracts were washed success- 
ively with aqueous sodium sulphite and water, and dried. 
Concentration gave 8-hydroxy-5-methyl-1,2,3,4-tetrahydro- 
naphthalen-1-one (13; R = H) (0.77 g, 2079, m.p. 48-50°C 
(lit.,29 4 7 4 8 . 5  "C), with i.r., u.v., and 'H n.m.r. spectra in 
excellent agreement with published data.29 

cis-5- Acetoxy-4a-rnethyl-5,6,7,8-tetrahydronaphthalene- 
2(4aH)-one (15; R = H, R' = COMe.-cis-5-Hydroxy-4a- 
methyl-3,4,5,6,7,8-hexahydronaphthalene-2(4a~-one (14; 
R = R' = H) was made by borohydride reduction of the 
preceding ketone.44 The derived acetate44 (0.1 g) in dried, 
distilled chlorobenzene was treated with benzeneseleninic 
anhydride (0.16 g) and the mixture was heated at reflux, under 
nitrogen, for 30 min. The residue obtained after evaporation 
was diluted with ether, and the solution was washed successively 
with aqueous sodium hydrogen carbonate and water, dried, and 
evaporated to give a yellow mass. Chromatography on a silica 
column [light petrol (b.p. 40-60 "C), then ether] gave the 
dienone (70 mg, 70%), m.p. 82-84 "C, identical with a sample 
made in lower yield by DDQ oxidation following ref. 23. 

Hydrolysis of cis-5-Acetoxy-4a-methyl-5,6,7,8-tetrahydro- 
naphthalene-2(4aH)-one (15; R = H, R' = COMe).--(a) Using 
potassium carbonate in methanol. The preceding acetoxy- 
dienone (30 mg) was stirred with potassium carbonate (18.85 
mg) in methanol (15 cm3) at  20 "C. After 24 h, when reaction 
was complete, water was added and the mixture was extracted 
with dichloromethane. Evaporation of the dried extract gave an 
oil identical with that described next. 
(b) Using potassium hydroxide in methanol. Hydrolysis of the 

acetoxy-dienone (100 mg) in 0 . 0 1 ~  methanolic potassium 
hydroxide (44 cm3) for 5 h at 20 "C, and work-up as above, gave 
an oil (85 mg), ca. 98% pure (g.1.c. on a 20% NGS column at 
230 "C), v,,,.(CHCl,) 3 600 (phenolic OH), 2 940, 2 870, 2 730, 
1 725 (CHO), and 1 620 (aryl) cm-'; G(CDC1,) 1.86 (2 H, quin., J 
8 Hz, 3-CH2), 2.20 (3 H, s, 2'-Me), 2.48 and 2.57 (each 2 H, each t, 
J 8 Hz, benzylic CH, and CH,CHO), 5.2 (1 H, br, OH), 6.55 (1 

H), and 9.75 (1 H, s, CHO). These data suggest that the 
cornpound is 4-(5'-hydroxy-2'-methylphenyl)butanal (16; 
R = H), formerly suggested as the intermediate in the 
hydrolytic rearrangement of (15; R = H, R' = COMe) to 8- 
hydroxy-5-methyl-1,2,3,4-tetrahydro-l-naphth01.~~ A satisfac- 
tory elemental analysis was not obtained for the aldehyde. 

H, 8, J 10 Hz, 4'-H), 6.60 (1 H, S, 6'-H), 6.96 (1 H, d, J 10 Hz, 3'- 

cis-4a-Methyl-5-trijlfluoroacetoxy-3,4,5,6,7,8- hexahydro- 
naphthaZene-2(4aH)-one (14; R = H, R' = CQCF,).-To a 
solution of cis-5-hydroxy-4a-methyl-3,4,5,6,7,8-hexahydro- 
naphthalene-2(4aH)-one (14 R = R' = H) (0.5 g)  in pyridine 
(2.5 cm3) was added trifluoroacetic anhydride (0.5 cm3). After 
being kept at 20 "C overnight the mixture was diluted with 
ether, washed with water, and dried. Evaporation of the solvent 
gave the trifluoroacetate (0.35 g, 46%) as white crystals, m.p. 
54-56 "C [from light petrol (b.p. 40-60 "C) at -78 "C], 
vmax.(CC14) 1 790 (trifluoroacetate), 1 690, 1 630, and 1 156- 
1 176 (CF) cm-'; 6(CC14) 1.33 (3 H, s, 4a-Me), 4 .924 .66  (1 H, m, 
5-H), 5.73 (1 H, br s, I-H), and 1.7-2.5 (10 H, m, CH, groups) 
(Found: C, 56.2; H, 5.8. C, ,H 5F3Q3 requires C, 56.5; H, 5.5%). 

cis-4a- Methyl-5-trzjluoroacetoxy-5,6,7,8-tetrahydro- 
naphthalene-2(4aH)-one (15; R = H, R' = COCF,).-(a) Using 
benzeneseleninic anhydride. To a solution of the preceding enone 
(0.1 g) in dry benzene (10 cm3) was added benzeneseleninic 
anhydride (0.13 g) and the mixture was heated under reflux 
(nitrogen). The reaction was followed by g.1.c. (25% XF1150 at 
200 "C). Further BSA (0.13 g) was added at  36 h. At 72 h 
conversion was complete. Work-up as in the oxidation of (6; 
R = R' = Me), with chromatography on silica, gave the 
dienone (60 mg, 60%) as an oil, vmax~CC14) 1 790, 1 675, 1 640, 
1615, and 1 150-1 180 cm-'; 6(CC14) 1.39 (3 H, s, 4a-Me), 
4.814.58(1H,m,5-H),6.08(1 H,s, l-H),6.17(1 H,d,J9Hz,of 
d, J 2 Hz, 3-H), and 6.73 (1 H, d, J 9 Hz, 4-H). 

(b) Using DDQ. The enone (0.20 g) was added to a solution of 
DDQ (0.164 g) in benzene (1 5 cm3) and the mixture was heated 
at reflux, as described for (6; R = R' = Me). After 48 h a 
further portion (0.164 g) of DDQ was added. After 72 h the 
mixture (95% converted) was worked up as described above to 
give the same dienone (60 mg, 95-96% pure). 

Hydrolysis of the Dienone (15; R = H, R' = COCF3).- 
Hydrolysis of the preceding dienone (30 mg) with potassium 
hydrogen carbonate (12 mg) in methanol (15 cm3) for 2 h at 
20 "C gave complete conversion into 4-(5-hydroxy-Zmethyl- 
phenyl)butanal(16 R = H), identical with the sample obtained 
earlier. 

2-Methyl-3-phenylthiocyclohex-2-enone.-Benzeneth~ol (3.6 
g) and toluene-p-sulphonic acid (0.40 g) were added to a 
solution of 2-methylcyclohexane- 1,3-dione (4.0 g) in benzene 
(100 cm3), and the reaction was allowed to proceed as described 
earlier for the preparation of 3-methyl-4-phenylthiobut-3-en-2- 
one. Work-up gave the thio compound, white crystals (3.8 g, 
5473, m.p. 9 6 9 8  "C (from ethanol); vma,JCC14) 2 950, 2 865, 
1 670, 1.600, and 690 cm-'; 6(CC14) 1.90 (3 H, t, J 1.7 Hz, 2-Me), 
2.38-1.84 (6 H, 4-, 5-, and 6-H2), and 7.42-7.39 (5  H, Ph) 
(Found: C, 71.8; H, 6.4; S, 15.0. CI3Hl40S  requires C, 71.5; HI, 
6.5; S, 14.7%). 

2-Methyl-3-phenylsulphinylcyclohex-2-enone (19; R = Me), 
and Attempted Addition to (7).-The preceding compound (1.0 g, 
4.59 mmol) dissolved in stirred methanol was oxidised with 
aqueous sodium periodate (containing 1.58 g, 6.86 mmol) 39 

during 5 min at 0 "C. A thick white precipitate formed almost 
immediately. The mixture was then stirred at 20 "C overnight, 
and the mixture was diluted with water and extracted with 
chloroform. The washed (brine) and dried extracts were 
concentrated to give pale yellow crystals. Recrystallisation from 
hexane gave white crystals (0.92 g, 85%), m.p. 45-50 "C, which 
from their microanalysis and n.m.r. spectra appeared to be a 
mixture of the phenylsulphinyl ketone and the starting material. 
This was used for attempted addition to l-methoxy-3- 
trimethylsilyloxybuta-1,3-diene (7) following the procedures 
described earlier. Monitoring by g.1.c. and final work-up showed 
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there to be no reaction within 50 h, apart from decomposition of 
(7). 

3,3,8a- Trimethyl-3,4,7,8-tetrahydronaphthalene- 1,6( 2H,8aH)- 
dione (12; R = Me).-2,5,5-Trimethylcyclohexane-1,3-dione 
was made from dimedone, and converted by Heathcock's 
group's procedure 30 into the bicyclic enone. 

Reaction of Compound (12; R = Me) with DDQ.--The 
preceding enone (0.5 g) was added to a solution of UDQ (0.55 g) 
in dried benzene (15 cm3), and the mixture was heated under 
reflux (nitrogen), with monitoring by g.l.c., as described for the 
reaction of (6; R = R' = Me). Further DDQ (0.30 g) was added 
at 60 h. Work-up, as before, after 75 h gave 8-hydroxy-3,3,5- 
trimethyl-3,4-dihydronaphthalene- 1 (2H)-one (13; R = Me) 
(0.273 g, 55%) as slightly yellow crystals, m.p. 74-46 "C [from 
light petroleum (b.p. 40-60 "C)]; vmax.(CC14) 3 400-3 070w, br 
(hydrogen-bonded OH), 1 645 (hydrogen- bonded carbonyl), 
and 1 615 cm-'; A,,,.(EtOH) 214, 261, and 345 nm (log E 4.11, 
3.96, and 3.51), in excellent agreement (position, shape, and 
intensity) with that of (13; R = H); 6(CC14) 1.12 (6 H, s, gem- 
dimethyl),2.17(3H9s,5-Me),6.62(1 H,d9J8.5Hz,7-H),'9.14(1 
H, d, J 8.5 Hz, 6-H), and 2.63 and 2.44 (4 H, 2 s, benzylic CH, 
and COCH,) (Found: C, 76.5; H, 8.0. C,,HI6O2 requires C,  
76.4; H, 7.9%). Measurements at low and high concentrations 
showed no change in the relative intensities of the hydroxyl and 
carbonyl peaks in the i.r. spectram, and indicate the proximity 
of these groups (thus excluding the 5-hydroxy-1-tetralone 
structure). This parallels the behaviour of (13; R = H). 

Reduction of Compound (12; R = Me).-The ketone (12; 
R = Me) (1.0 g, 4.85 mmol) was reduced with sodium boro- 
hydride (47 mg, 1.27 mmol) in ethanol (75 cm3) at 0 "C during 2 
h. Excess of borohydride was destroyed by acetic acid, the 
solvent was removed under reduced pressure, and the residue 
was taken up in chloroform, and the extract was washed and 
dried. Analysis by g.1.c. (20% NGS at 230 "C) showed the 
mixture to contain equal parts of starting material and a new 
product. Acetylation by reaytion with acetic anhydride- 
pyridine, and work-up as described for (14; R = H, R' = 
COCF,), gave a crystalline product [m.p. 75-- 80 "C, from light 
petroleum (b.p. 40-60 "C)], identified as cis-6-acetoxy-3,3,8a- 
trimethyl-2,3,4,6,7,8- hexahydronapht halepe- 1 (8aH)-one. This 
had formed by reduction of the enone carbonyl group to 
hydroxyl. The compound has spectra incompatible with a 
structure analogous to (14; R = Me, R' = COMe): 6(CC14) 0.76 
(3 H, s, 8a-Me), 1.08 and 1.28 (each 3 H, 2 s, gem-dimethyl), 1.96 
(3 H, s, acetate), 5.2 (1 H, m, 6-H), and 5.35 (1 H, kr, 5-H); 
vmax,(CC14) 2 962, 2 880, 1 740, and 1 720 cm-' (unconjugated 
ketone). Similar reduction using sodium borohydride (0.185 g, 
5.0 mmol) gave crystalline 1,6-dihydroxy-3,3,8a-trimethyl- 
1,2,3,4,6,7,8,8a-octahydronuphthalene, m.p. 162-- 164 "C [from 
chloroform-ethyl acetate (1 : l)]; vmax,(NuJol) 3 50&3 100 
cm-', with no carbonyl absorption; 6[(CD,),SO] 0.78 (3 H, s, 8a- 
Me), 0.91 (6 H, s, gem-dimethyl), and 5.25 (1 H, br, 5-H) (Found: 
C, 73.9; H, 10.7. C,,H,,O2 requires C, 74.2; H, 10.5%). 

3,3,8a- Trimethyl-7-phen~?lseleno-3,4,7,8-tetrah~?dronaphth~- 
lene-l,6(2H,8aH)-dione (17; X = SePh).--A solution of the 
enone (12; R = Me) (1.0 g, 4.85 mmol) in freshly dried and dis- 
tilled ethyl acetate (45 cm3) was treated with benzeneselenenyl 
chloride (1.05 g, 5.35 mmol) and vigorously stirred at 20 "C. The 
reaction was monitored by t.1.c. After 7 h the mixture was 
washed with water, and the dried organic phase was concen- 
trated to a yellow oil. This was twice chromatographed, as 
described for the preparation of (10; R = R' = Me, COMe, 
X = Se), and the crystalline seleno-ketone washed with ether- 
light petroleum at 0 "C to give white crystals, m.p. 97--99 "C, 

vmax.(CC14) 2 970, 1 720, and 1 685 cm-'; 6(CC14) 0.78 (3 H, s, 8a- 
Me), 1.13 and 1.36 (each 3 H, 2 s, gem-dimethyl), 2.06-2.78 (6 H, 
m, 2-, 4-, and 8-H2), 4.22 (1 H, X part of ABX pattern, JAx + 
J,, = 19 Hz, axial 7-H), 5.90 (1 H, d, J 1.5 Hz, 5-H), and 7.20- 
7.68 (5 H, m, SePh) (Found: C, 62.9; H, 6.1. C,,N,,SeO, requires 
C, 63.2; H, 6.1%). 

Oxidation of Compound (17; X =-- SePh), and Cleavage to 4- 
(5'-hydroxy-2'-methylpht.nyl)-3,3-dimethy~butanoic Acid (18).- 
A solution of the preceding seleno-ketone (0.20 g) in ethyl 
acetate (10 cm3), cooled and stirred at 0 "C, was treated with 
30% aqueous hydrogen peroxide (0.15 cm3) slowly, and was 
stirred for 2 h further. After being warmed to 20 "C the mixture 
was diluted with water, extracted repeatedly with ethyl acetate, 
and the dried extract was evaporated to an oil (90 mg). The 
n.m.r. spectrum, G(CDC1,) 1.05 (6 H, s, gem-dimethyl), 2.32 (3 H, 
s, 2'-Me), 2.21 (2 H, s, CH,CO,H), 2.67 (2 H, s, benzylic CH,), 
7.02(1H,d,J8Hz,3'-H),6.62(1 H,d,J8Hz,4'-H),and6.68(1 
H, s, 6'-H), is identical with that of the acid (18) discussed later. 

Oxidation of Corripound (17; X = SePh) by Ozone: Formation 
of 3,3,8a- Trimethyl-3,4-dihydronaphthalene- 1,6(2H,8aH)-dione 
(11; R = Me).-A solution of the recrystallised seleno-ketone 
(17; X = SePh) (0.20 g) in sodium-dried ether (20 cm3) was 
cooled at -78 "C whilst ozonised oxygen was bubbled slowly 
through it. When no further white precipitate formed, ozone- 
free oxygen was passed through for a few seconds, arid the 
mixture was warmed to 20 "C and stirred for 1.5 h. The solution, 
after being washed in turn with saturated aqueous sodium 
hydrogen carbonate (15 cm3), water, and brine, was dried and 
concentrated, and the residue was chromatographed on a silica 
column (25 x 1.2 cm; CHCl,). Elution with 10% ether-light 
petroleum (b.p. 40-60 "C) gave the dienone (70 mg, 62%), m.p. 

and 1 61 5 cm-'-a typical cyclohexa-2,5-dienone pattern;' A,,,, 
(95% EtOH) 255 and 223 nm (log E 3.961 and 3.973). The n.m.r. 
spectrum in CCI,, and in C6D6 (given in brackets), has 6 0.84 
[0.37](3 H, s, 8a-Me), 1.22 and 1.55 C0.62 and 0.891 (each 3 H, 2 
s, 3-Me groups), 2.16 and 2.30 C1.57 and 0.801 (each 1 H, d, J 14 
Hz, of d, J 2.5 Hz, 4-CH2), 2.68 and 2.82 C1.94 and 2.141 (each 1 
H, d. J 14 Hz, 2-CH2), 5.99 C6.041 ( 1  H, t, J 1.8 Hz, 5-H), 6.19 
[6.24](1 H, d, J 10 Hz, of d, J 1.8 Hz, 7-H), and 7.28 [7.12](1 H, 
d, J 10 Hz, 8-H), fits the dienone structure (11; R = Me) in all 
respects, including solvent-assisted shifts.36 (Found: C, 75.3; H, 
7.2-7.9%; M + ,  204.108. C l3HI6O2 requires C, 76.4; H, 7.9%; 
M ,  204.1 15). P n acceptable microanalysis could not be ob- 
tained, owing to slight decomposition prior to analysis, and the 
mass spectrum had to be recorded within a few hours of 
preparation. The fragmentation pattern was also consonant 
with the proposed structure. 

71--73 "C; vmaX.(CCI4) 2 960, 2 938, 2 878, 1 720, 1 675, 1 640, 

Oxidation of' the Seleno-ketone (17; X = SePh) by m- 
Chloroperbenzoic Acid.-A solution of the seleno-ketone (0.29 
g) in dichloromethane (1.0 cm3) was stirred at - 10 "C, and a 
slight excess of recrystallised, standardised m-chloroperbenzoic 
acid was added. After 15 min the mixture was stirred at 20 "C 
for 1.5 h, then insoluble m-chlorobenzoic acid was removed by 
filtration, and the filtrate was diluted with more dichloro- 
methane, washed successively with saturated aqueous sodium 
hydrogen carbonate and brine, and dried. Evaporation gave a 
crude product which was filtered through a silica column [( 15 
cm; light petroleum (b.p. 40-60 "C)]. The n.m.r. spectrum 
showed peaks due to the preceding dienone, a little enone 
precursor (12; R = Me), and rn-chlorobenzoic acid which could 
not be removed. The g.1.c. (20% NGS at 230°C) showed 
rearrangement of the dienone to the tetralone (13; R = Me). 
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Reactions of Dienone (11; R = Me).-(a) In dilute aqueous 
sulphuric acid. The dienone (125 mg) was shaken with aqueous 
sulphuric acid (5 cm3; 5 x 10-3~) at 25 "C for 60 min, a time 
known from kinetic measurements to be 6-7 half-lives. Ice was 
added, the mixture was extracted with ether, and the extracts 
were washed successively with saturated aqueous sodium 
hydrogen carbonate (1 5 cm3) and brine, dried, and evaporated 
to afford a crystalline mass of 4-(5'-hydroxy-2'-rnethylphenyl)- 
3,3-dimethylbutanoic acid (I$), m.p. 98-99 "C [from 10% ether- 
light petroleum (b.p. 4&-60 "C)] (90 mg, 6679, with i.r. and 
n.m.r. data as given earlier; h,,,.(EtOH) 280 nm (log E 3.204) 
(Found: C, 70.0; M, 8.4. CI3H,,O3 requires C, 70.2; H, 8.2%). 

(b) In sodium hydroxide solutions. The solutions used for 
kinetic measurements were kept at 25 "C until reaction was 
complete (constant U.V. spectrum). This was about 60 min in 
1 0 - 4 ~  base, but less than 5 s in ~O-,M sodium hydroxide. The 
final spectra were identical with those of the cleaved acid (18) in 
the same base (e.g. in ~O-,M NaOH the 'dienone' has h,,,. 295 
and 235 nm (log E 3.462 and 3.841), and the acid has h,,,. 295 
and 235 nm (log E 3.402 and 3.837). We conclude that the 
dienone is quantitatively converted into the acid (18), as its salt. 

(c) In conc. sulphuric acids. The solutions used for kinetic 
measurements in 78.0% and in 68.1% sulphuric acid were kept 
in the U.V. spectrometer until no further change in spectrum 
occurred. The spectra were identical in all respects with those of 
the tetralone (13; R = Me) in the same acids: e.g. in 78.0% acid, 
A,,,. is 298 and 400 nrn (log E 4.078 and 3.346). A sample of the 
dienone (20.0 mg) was kept in 78.0% sulphuric acid at 25 "C for 
120 min (ca. 15 half-lives). After the reaction had been quenched 
with ice, the mixture extracted with dichloromethane (4 times), 
and the extracts washed successively with saturated aqueous 
sodium hydrogen carbonate and water, then dried and evap- 
orated, pale yellow crystals (15.0 mg) were obtained. 1.r. and 
n.m.r. spectroscopy and g.1.c. (20% NGS at 230 "C) showed the 
product to be the tetralone (13; R = Me), identical with the 
sample given by DDQ oxidation of (12; R = Me). 

Kinetics of Reactions of Dienone (11; R = Me).-Stock 
solutions of the dienone were made up freshly in 95% ethanol 
(e.g. 1.0854 mg in 1.00 ml), in which they were stable over 
periods much longer than required for the kinetic runs, and 
thermostatted at 25 "C. Kinetics were measured by U.V. 
spectroscopy, as described before.j5 The kinetics were 
accurately first order in dienone, and gave the rate-constants 
(analytical wavelength normally 256 nm) in the Table. The rates 
in 5 x and 5 x 1 0 - l ~  sulphuric acids, and in ~O-,M sodium 
hydroxide, were too fast for us to measure (half-life < 5 s). The 
rate constants for reaction in conc. sulphuric acids at 25 "C are: 
in 78.0% acid (300 nm), 1.51 x s-'; in 68.1% acid (274 and 
294 nm), 1.83 x s-'. 

Kinetics of Reaction of the Acid (18) in Conc. Sulphuric 
Acids.-A thermostatted stock solution of the acid (18) was 
added to the sulphuric acid in the U.V. cell. Rate constants, from 
observations at 274 and 296 nm, were: in 78.0% acid, 
1.63 x s-'; in 65.8% acid, 5.0 x 10-4 s-'. There is a linear 
relationship, of gradient - 1.2, between log, of these rate 
constants (and those given above for the dienone) and 
Hammett's acidity function, similar to that found for many 
other dienone rearrangements (see refs 35 and 45, and others 
cited there). The final U.V. spectra were quantitatively identical 
with those of the tetralone (13; R = Me) in the same acids. 
Complete spectra were also used to observe the changes in 
65.8% acid: both the acid (18) and the dienone gave identical 
behaviour at all times, and a consistent rate constant was gained 
at a number of wavelengths. The tetralone (13; R = Me) was 
stable (less than 2% change) in 78.0% H,SO, at 25 "C, showing 
this to be the thermodynamically controlled product. When the 

Table. 
Sulphuric acid (a) 

[sodium hydroxide (b)] 
concentration k/s-' 
5 x l k 3 ~ ( a )  7.95 x 10-3 
5 x 1 k 4 ~ ( a )  1.47 10-3 
5 x 1 k 5 ~ ( a )  1.78 x 10-4 
1 x 1 0 - 4 ~  (bj 1.42 x 10-3 
1 x lk3141(b) 5.5 x lo-* 

acid (18) was taken in 50% H,SO,, it gave an unchanging 
spectrum identical to that given by the 'dienone' (11; R = Me) 
in the same acid. This is evidence for the view that the dienone 
cleaves rapidly to the acid (18) in all these media, and is stable in 
50% sulphuric acid, but cyclises to the tetralone in the more 
concentrated sulphuric acids. 

Reactions of the Dienone (1 1; R = Me) in TriJiuoroacetic Acid 
Solutions.-The dienone (25 mg) in an n.m.r. tube, cooled at 
- 10 "C, was treated with cold trifluoroacetic acid (0.5 em3) 
and a drop of dichloromethane (as internal standard). The 
spectrum, run immediately at - 10 "C, was identical with that 
of the tetralone (13), and did not change further. Isolation 
confirmed the structure of the product. Similar results were 
obtained with a 15% (w/w) solution of trifluoroacetic acid 
in CD,Cl, at -20°C. When t e dienone dissolved in 
CD,C12 at - 10 "C, and a solution of trifluoroacetic acid in the 
same solvent was added to give a fizlal concentration of this acid 
of 2.1% (w/w), the conversion into the tetralone (13; R = Me) 
could be monitored over a period of time of about 45 min. 
Kinetic points were gained, at 3 rnm intervals, which measured 
the decrease of each dienone methyl peak, and the increase of 
each tetralone methyl peak. The rate constant's for dienone loss 
and tetralone gain were identical, at (2.2 & 0.1 s-', half-life ca. 
310 s), for a clean first-order process, with no other absorbances 
or emissions visible down to the 2-3% level. Work-up again 
gave the tetralone in good yield and purity. The open-chain acid 
(18) did not change under these conditions. It is therefore not an 
intermediate in the rearrangement of dienone (11; R = Me) to 
tetralone (13; R = Me) in this acid. 
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