ORGANIC
LETTERS

Oxidized Arenol Intermediates in Vol
Intermolecular Carbon—Carbon Bond 16511654
Formation. Naphthoid

Cyclohexa-2,4-dienones via Oxidative

Nucleophilic Substitution

Stéphane Quideau,* Matthew A. Looney, and Laurent Pouységu

Laboratoire de Chimie des Substanceég#ales, Institut du Pin, Universit®ordeaux
I, 351 cours de la Libeation, 33405 Talence Gkex, France, and Department of
Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas 79409-1061

s.quideau@ipin.u-bordeaux.fr

Received September 13, 1999

ABSTRACT
R
o
“/ _ PIFA,CHCY, g

carbon based Nu
Y = Me, OMe
Nu = MesSi MesSiO
RoH, oo > Y I

Dearomatization of arenes is a powerful strategy for the preparation of functionalized cyclic olefins. Phenol oxidation can be exploited as a
dearomatization tactic to produce cyclohexa-2,4-dienones. lodine(lll)-mediated oxidation of 2-alkyl- and 2-alkoxynaphthols was accomplished
in the presence of an allylsilane or a silyl enol ether carbon-based nucleophile to furnish cyclohexa-2,4-dienone derivatives in moderate to
good yields. This intermolecular carbon—carbon bond-forming reaction is particularly promising for the preparation of synthetically valuable
naphthoid orthoquinols.

Dearomatization of phenolic compounds (arenols) into cy- 2,4-dienones such &@(Scheme 1}.The electron-donating

clohexadienone derivatives can be accomplished by two- effect of the ortho-positioned substituent is arguably respon-
electron oxidation processes followed by trapping of the
oxidized arenol intermediates with nucleophilic species (i.e.,

oxidative nucleophilic substitutiod}:¢ For example, oxida- Scheme 1
tion of 2-alkyl- or 2-alkoxyphenols such asn the presence 1OH
of oxygen-based nucleophiles is a well-known reaction that S Y (o] 7T, v
leads to the formation of orthoquinols or orthoquinone N _U
monoketals (i.e., 6-alkyl-6-0xo- or 6-alkoxy-6-oxocyclohexa- 1 2
g, Nu

(1) (a) Swenton, J. S. Mhe Chemistry of Quinonoid Compounésitai, Nu s Y Y = electron-donating group
S., Rappoport, Z., Eds.; John Wiley: New York, 1988; Vol. 2, Part 2, pp ’ N Z = various substituent(s)
899-962. (b) Wessely, F.; Swoboda, J.; Guth,Mbnatsh. Chem1964, Nu = a nucleophilic species
95, 649—-670 and previous papers in the same series. (c) Andersson, G. 3

Acta Chem. Scand. B976,30, 403—406 and previous papers in the same
series. (d) Arzeno, H.; Barton, D. H. R.; Bergé-Lurion, R.-M.; Lusinchi,
X.; Pinto, B. M. J. Chem. Soc., Perkin Trans. 1984, 2069—2076. (e) . . . . - .
Barton, D. H. R.; Bergé-Lurion, R.-M.. Lusinchi, X.. Pinto, B. M. Chem. sible for directing the introduction of the nucleophile toward

Soc., Perkin Trans. 1984, 2077—2080. the substituted carbon center of a phenoxonium ion such as
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2 or its synthetic equivaleit.Various oxidizing systems  useful entries to quaternary carbecarbon centers and
based on heavy metalgyolyvalent iodinel®* and organic synthetically valuable orthoquinol synthons.
oxidants such as DD, as well as electrochemical pro-  |ntermolecular versions of this carbenarbon bond-
cesse$,have been utilized over the years to mediate this forming reaction known to furnish isolable cyclohexa-2,4-
type of transformation. Today, hypervalent iodine(lll) re- gienone species are rare and low-yieldin@Reactions
agents have certainly emerged as the most frequently usehetween olefins and oxidized phenol intermediates have been
alternatives because of their good oxidation performances,renorted to give rise to transient cyclohexa-2,4-dienone
operational facility, and low toxicity=" species, but they efficiently rearomatized to dihydrobenzo-
Preparation and utilization of cyclohexa-2,4-dienones in fyransgabSimilar reactions in the apparently more stable 2,5-
organic synthesis are not trivial matters, notably because dienone series are not very common eiftintwithstanding,
these conjugated-systems present both dienic and dieno- it should be possible to exploit the presence of suitable
philic characters that render them particularly prone to gypstituents on the arenol substrates to help in controlling
Diels—Alder dimerization, as opposed to their 2,5-dienones o regiochemistry of carbon introduction in a manner

counterpartd. They are also susceptible to facile reduction analogous to that of oxygen introduction (Scheme 1).
and rearrangement processes that often lead to adventitious

rearomatization event&® Nevertheless, such cyclohexa-
dienones have found useful synthetic applicatiohs.

In contrast to oxygen-based nucleophiles, carbon nucleo-
philes have seldom been utilized to prepare cyclohexa-2,4-
dienone derivatives from arenols via oxidative nucleophilic
substitution, even though such reactions comprise potentially

Our interest in the utilization of orthoquinone ketals and
orthoquinols in natural products synthéded us to explore
this avenue of carboencarbon bond formation. We here
report our preliminary results on an unprecenderiteelr-
molecularcarbon-carbon bond-forming reaction that enables
the rapid preparation of highly functionalized naphthoid
cyclohexa-2,4-dienone derivatives in good vyields.
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R.; Ramsden, C. ATetrahedron Lett1997,38, 2573—2576. (d) Endo, Y.; manner, substrates bearmg an electron releasmg group
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To test the feasibility of this reaction cascade proposal, product, at least, the methoxy group did not act as an efficient

we first utilized 2-alkoxyphenol guaiacald) which can be

regioselector and the nucleophilic addition occurred at the

viewed as an inappropriate susbtrate since the substitutionunsubstituted para position d&; prototropic rearrangement

pattern of the ring is unlikely to block DieitsAlder
reactions'® Thus,lawas treated with PIFA (1 equiv) in an

OH OH
1a 1b

OH

R 3a: TMSO 2, .~
OO 3b :TMS\/\
1c: R =OMe
1d: R=Me

anhydrous CHCN—CH,CI, solvent mixture at-41 °C for
30 min after which time the silyl enol eth&a (1 equiv)
was added to furnish a complex mixture from whitzhcould

then led to the rearomatized substitution proddat Its
regiochemical assignment is based on examination of the
coupling pattern in itSH NMR spectrum (see Supporting
Information).

The formation of4a nevertheless demonstrated that two
critical events of the desired reaction cascade had occurred:
(1) the oxygenrrsilicon bond in3a had been broken and (2)

a carbon-carbon bond to the starting phenol had been made.
The latter event was not too surprising since iodine(lll)
reagents are known to activate arenes toward substitution
by allylmetal compound®, but suitable substrates and
adequate experimental conditions favoring additions onto
substituted centers had yet to be found.

Clearly, the experimental approach initially followed with
lain which the nucleophilic reagent is added to a TFA-
containing solution of preoxidized phenol seemed a logical
basic design to control the sequence of bond breaking and

be separated in low yield as the sole identifiable compound making events of this reaction. For example, premature
(see Table 1 and Supporting Information). In this minor oxidation of the silyl enol ether reagent should hence be

Table 1. Oxidized Arenol Intermediates in Intermolecular
Carbon—Carbon Bond Formation

entry  phenol nucleophile  product(s) isolated yield (%)

OMe
1 1a 3a 4a: 10
O N
H
2 1b 3a 4b: 44
OH
0. X

H O-_H
\
3 1c 3a 0 4c: 22 (26)°
O
OH
OMe | 4¢:55 74
4 1c 3a O@
4d: 27 - 4
O ™

5 1c 3b O‘ OMe 4e: 69
O

4 47 (70)°
6 1d 3a O‘ Ve (70)

7 conversion yields
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minimized. The 2-alkylphenol-2,3,5-trimethylphendlbj
was also tested to gauge the regioselecting effect of a methyl
group in a sterically hindered substrate. Treatment of a
solution of PIFA-oxidizedlb in CH,Cl, with an excess of
3a(2.8 equiv) in CHCI, at —78 °C produced a tetrasubsti-
tuted phenol in 44% vyield as the sole identifiable compound
(Table 1, entry 2). Steric crowding may have prevented the
development of a tetrahedral center at the 2-positiohbof
The structuretb has not yet been confirmed by spectroscopic
means, but substitution at the 6-positionldf is proposed
here on the basis of the higher steric impediment that can
block its 4-position. Thus, no cyclohexa-2,4-dienones could
be detected in these initial tests with phendksand 1b;
products4a and4b simply reflect the possibility of oxida-
tively adding carbon substituents to phen®ls.

Despite these observations with simple phenols, reactions
were carried out with 2-substituted naphthols which consti-
tute our choice starting materials for the synthesis of natural
polyoxygenated benaanthracenes via naphthoid cyclohexa-
2,4-dienone#? Furthermore, we surmised than naphthols
have a better potential to give rise to stable cyclohexa-2,4-
dienone derivatives than phenols since their 2,3-double bond
is part of an aromatic ringt

Treatment of 2-methoxy-1-naphthdlc with 3a in the
presence of PIFA under the same conditions as for converting
lainto 4afurnished the desired naphthoid keto aldehgde
in a moderate but nonetheless remarkable 22% isolated yield
(Table 1, entry 3), together with 15% of recovered starting
naphtholla i.e., 26% conversion). This result was particu-
larly encouraging because similar synthetic intermediates thus

(10) Moriarty, R. M.; Vaid, R. K.Synthesi€1990, 431—-447.

(11) For examples of similar carbon—carbon bond-forming reactions
between silyl enol ethers and alkenes, see: Zhdankin, V. V.; Mullikin, M.;
Tykwinski, R.; Berglund, B.; Caple, R.; Zefirov, N. S.; Koz'min, A. &.
Org. Chem.1989,54, 2605—2608.

(12) (a) Rohr, J.; Thiericke, RNat. Prod. Rep1992,9, 103—137. (b)
Kraus, G. A.; Wan, ZTetrahedron Lett1997,38, 6509—6512.
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tethered with a functionalized four-carbon chain could serve In conclusion, highly functionalized carbon chain-tethered
to access valuable angularly oxygenated bajaajthracene  naphthoid cyclohexa-2,4-dienones have been synthesized in
systems? Effort was then focused on optimizing this a concise and preparatively useful manner from naphthols
reaction. By adding a solution of PIFA-oxidizdd in CH,- via an oxidative nucleophilic substitution. Although studies
Clz to a solution of an excess 8 (2.8 equiv) in CHCI; at are still needed to identify the key experimental factors to

:oorr:htemr_{[(:‘rg%;e,ﬂf;:t;/]vai f'rsbt t(_)tbial(?ed Ir?th?i?rﬁ) }/'eld' modulate for optimizing further this remarkable carbon
ogether wi o Of the 4-SUbSHuted nap SIow carbon bond-forming reaction, the preliminary results re-

dropwise addition step advantageously controlled the regio- . .
selectivity of the nucleophilic attack to furnistt in 74% porteq here are a!ready .qullte grz:;mfymg. We are currently
and the undesired naphthtd in only 4%. All expectations focusing on exploring variations aimed at the preparation of

concerning the originally planned reaction cascade have thusdnthranoid analogues for future applications in the total

been met in this run. synthesis of natural berajanthracene products. This work
The allylsilane3b also gave rise to the desired cyclohexa- Will be reported in due course.

2,4-dienone derivativde in good yield (69%, entry 5). In

this case3b, probably less sensitive to oxidizing conditions

than3a, could alternatively be placed in the presence of the . i .
starting naphthollc before adding the oxidizing agent at Foundation (Grant D-1365) is gratefully acknowledged. The

room temperature. It must be noted that this protocol was authors also thank Roy T. Hendley, Aaron B. Hawkins, and

detrimental for the preparation 8¢ in any respectable yield. ~ Hui Hu for their contribution to this work and Mr. David
Finally, the influence of a naphthol 2-alkyl substituent on W Purkiss for the NMR spectroscopic analyses.

the outcome of the reaction was examined by adding a

solution of PIFA-oxidized 2-methylnaphthad in CH,CI,

to a solution of3a (2.8 equiv) in CHCl,. The best yield of

keto aldehydéf (47%) was obtained when the reaction was

performed at—78 °C. The starting naphtholld was

recovered in 34% vyield, which corresponds to a corrected

conversion yield of 70%. 0L9910363
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