
© 2000 by MDPI

Molecules 2000, 5, 1291-1330

molecules
ISSN 1420-3049

http://www.mdpi.org

Review

Hydroxyquinones: Synthesis and Reactivity

Spyros Spyroudis*

Laboratory of Organic Chemistry, Chemistry Department, University of Thessaloniki, Thessaloniki

54006, Greece. Tel. 003031-997833, Fax 003031-997679.

* Author to whom correspondence should be addressed. E-mail: sspyr@chem.auth.gr

Received: 30 June 2000; in revised form 1 October 2000  / Accepted: 6 October 2000 /

Published: 20 December 2000

Abstract: Quinones having hydroxy groups directly attached to the quinone ring constitute a

very interesting class of quinoid compounds. A great number of hydroxyquinones are found

in nature and the majority of them exhibit unique biological activity. Their syntheses and

their main reactivity patterns are reviewed in this paper.
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1. Introduction

Molecules with the quinoid structure constitute one of the most interesting classes of compounds in

organic chemistry. Their syntheses as well as their diverse chemical and physical properties have been

compiled in the two volumes of Patai's series The Chemistry of Functional Groups [1].

The chemistry of quinones is largely dependent on the substituents being either on the quinonic or

on adjacent rings. This is reflected in their chemical reactivity, especially in heterocyclic quinones [2].
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Hydroxylated quinones that have one or more hydroxy groups attached directly to the quinone moi-

ety are found in nature in great variety. As most of them exhibit interesting biological activity, there are

an increasing number of publications annually about their isolation, characterization and their synthesis

in the laboratory.

Natural hydroxyquinones vary in structural complexity from the simple hydroxynaphthoquinone,

lawsone (1), the main component of a natural dye [3], to complex structures such as the trimeric hy-

droxynaphthoquinone conocurvone (2), a potential anti-HIV agent [4].

This review is focused mostly on the chemistry of the hydroxyquinone moiety, with emphasis on the

literature of the last two decades. Methods for hydroxyquinone preparation are reviewed in the next

section, followed by their reactivity patterns.

2. Synthesis

A method of broad applicability for the preparation of the hydroxyquinone moiety is through Thiele-

Winter acetoxylation. The method involves the reaction of 1,4- or 1,2-quinone derivatives with acetic

anhydride, in the presence of an acidic catalyst. The triacetoxy derivatives - isolated in fair to excellent

yields - are hydrolysed to the corresponding hydroxyhydroquinone derivatives under either acidic or

basic conditions. The latter, as a rule without isolation, are then oxidized to the desired hydroxyqui-

none compounds. In many cases, especially under basic conditions, the oxidation proceeds also with

atmospheric oxygen. The course of the reaction for hydroxy-p-benzoquinone, is given in Scheme 1.
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Scheme 1.

Synthetic and mechanistic aspects of the reaction were reviewed in detail by McOmie and Blatchly

in 1972 [5], whereas more recent results concerning the orientation of the third acetoxy group relatively

to bulky t-butyl groups are found in Patai's series [6].  Best results for the Thiele-Winter acetoxylation
are obtained when the acid catalyst is H2SO4 or BF3-etherate [5,6]. In a recent paper the use of

CF3SO3H as a more effective catalyst is suggested in certain cases [7].

Sometimes, in order to avoid undesirable side reactions of sensitive groups during Thiele-Winter

acetoxylation, the timing of events is changed: The acetoxylation takes place in a quinonic precursor,

the moiety with the sensitive group (usually a double bond) is attached to the triacetoxybenzene ring,

followed by hydrolysis and oxidation of the resulting hydroxyhydroquinone. This procedure was used

for the preparation of the sesquiterpene quinone metachromin-A (3) [8], as indicated in Scheme 2.

Scheme 2.
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Analogous methodology was successfully employed for the synthesis of 2-hydroxy-5-methoxy-3-(8',

Z, 11' Z)-pentadeca-8', 11',14',-trienyl-1,4-benzoquinone, a host germination stimulant for striga asi-

atica (witchweed) [9]. Experimental modifications of the method for the preparation of more conven-

tional hydroxyquinones, such as 2-hydroxyphenanthrene-1,4-quinone, can be found in later publica-

tions [10,11].

The parent hydroxybenzoquinone can also be obtained from oxidation of hydroxyhydroquinone (6),
prepared by an entirely different route: thermal dehydration of carbohydrates such as â-D-

fructofuranose (4), through the intermediate 5-hydroxymethylfurfural (5) [12]. (Scheme 3)

Scheme 3.

Another approach to hydroxyquinones is through demethylation of available trimethoxy derivatives,

such as 7, and subsequent oxidation of the resulting hydroxyhydroquinone; this approach was used for

the preparation of 6-hydroxy-1,2,3,4-tetrahydronaphthalene-5,8-dione (8) [13] (Scheme 4).

Scheme 4.

Alternatively, oxidative demethylation of a trimethoxy derivative and demethylation of the resulting

methoxyquinone proved to be effective in the case of 5-hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran-

4,7-dione (9), a key compound towards the synthesis of (±) tridentoquinone (10) [14]. (Scheme 5)
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Scheme 5.

Samadi and co-workers suggested a most simple and effective approach for the synthesis of

naturally occurring maesanin (14), and analogues [15]. 1,2,4,5-Tetramethoxybenzene is subjected to

alkylation with BuLi and the appropriate alkyl bromide, and the resulting derivative, 11, is oxidatively

demethyated by cerium(IV) ammonium nitrate (CAN) to a mixture of dimethoxy ortho- and para-

quinones. Whereas ortho-quinone 12, is thermally transformed to the desired maesanin (14), the para-

quinone 13 is selectively demethylated at the more hindered methyl group by the use of perchloric acid.

(Scheme 6)

Scheme 6.

An analogous methodology was used by the same authors [16] for the synthesis of the marine natu-

ral product (-)-illimaquinone (15), which exhibits most interesting biological activity. The 6- methoxy

isomer of ilimaquinone, 16, also formed, and was easily separated chromatographically. (Scheme 7)
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Scheme 7.

The synthesis of cytotoxic maesaquinone (17), a quinone with two hydroxy groups, proved more

complicated. Finally the problem was solved by protection of the second hydroxyl with a MOM (meth-
oxymethyl) group and deprotection in two steps, HBr for the OMOM and HClO4 for the OMe group

[17]. The two other OMOM groups were effectively oxidized to the quinonic moiety. (Scheme 8)

Scheme 8.
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of the molecule was constructed by a Diels-Alder reaction and, interestingly enough, on reduction of

the ketone with lithium aluminium hydride one of the ortho methoxy groups was also demethylated.

Esterification of this group, reduction of the hydroxy group, oxidative demethylation with CAN and,

finally, deprotection of the phenolic hydroxyl afforded racemic mamanuthaquinone (18). (Scheme 9)

Scheme 9.

Another approach to hydroxyquinones is through conversion of chloride to a hydroxyl group. Snap-

per and co-workers reported that a chloromethoxyquinone moiety could be converted to the corre-

sponding hydroxy functionality (eg.- 21), by palladium-mediated exchange of the chloride for the hy-

droxyl group [19]. The oxidation of initial chlorodimethoxybenzene derivative, 19, to chloromethoxy-
quinone, 20, was achieved either by CrO3 or by CAN, as shown in Scheme 10 for a model compound.

Scheme 10.
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ceeded through radical coupling. Atovaquone (22), is marketed as a prescription drug for the treatment

of a special case of pneumonia.

Scheme 11.

Analogous methodology was applied for a convenient one-pot, two-step synthesis of tetrahydro as-

terriquinone E (27), which exhibits the same biological activity as the naturally occurring unsaturated

analogue [22]. Starting from commercially available para-bromanil (23), coupling with 2 equiv. of the

appropriate indole derivative, 24, leads to a mixture of 2,5- and 2,6-bis(indolyl)-dibromoquinone re-

gioisomers, 25 and 26. Only the former is converted to the desired dihydroxyquinone derivative by a

KOH mediated replacement of the two bromides by hydroxy groups. The overall yield is 36%.

(Scheme 12)

Scheme 12.
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Scheme 13.

The formyl prenyl indole derivative 28, prepared from 2-iodoaniline in five steps, was condensed

with pyrandione derivative 29, prepared from indole-3-carboxaldehyde in six steps. The condensation

product 30 was quantitatively rearranged to demethylasterriquinone B1 (31), by a catalytic amount of
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sodium methoxide. The latter was finally methylated to the desired dimethoxy derivative, asterriqui-

none B1 (32) (Scheme 13). This synthesis of asymmetrically substituted asterriquinones is of great im-

portance, since demethylasterriquinone B1, initially isolated as a fungal metabolite with the code name

L-783, 281, was found to act as an insulin mimetic with anti-diabetic activity [23b]. Another route to

the hydroxyquinone functionality is by replacement of an amino group by a hydroxy group, considering

the fact that the insertion of the amino group into the quinonic ring is comparatively easy [24]. This

replacement is not a general reaction and takes place mostly in polysubstituted quinones.

In the case of 3-aminothymoquinone, conversion to 3-hydroxy-2-methyl-5-isopropyl-1,4-
benzoquinone is effected by the CuCl2/CH3COOH [25]. (Scheme 14)

Scheme 14.
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zation. (Scheme 15)

Scheme 15.
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results with simple molecules, since strong oxidants that might affect other sensitive groups are used

for this conversion. Fremy' s salt was used for the preparation of hydroxyquinones with bulky t-butyl

groups, such as 40, [27]. (Scheme 16)

Scheme 16.

Oliveros and co-workers used singlet oxygen for the conversion of a series of naphthalenediols into

the corresponding hydroxynaphthoquinone derivatives [28], although better results are obtained using
solid KO2 , as reported by the same authors in a later study [29]. The oxidation of 2,6-naphthalenediol

41 to dihydroxyquinone 42 is a characteristic example. (Scheme 17)

Scheme 17.

Analogous oxidation of 1,3-dihydroxynaphthalene (43) to lawsone (1) was performed by
[bis(trifluoroacetoxy)iodo]benzene in CH3CN-H2O [30].  (Scheme 18)

Scheme 18.

á-Tetralones can be effectively oxidized to hydroxynaphthoquinones by oxygen and potassium t-

butoxide in dimethyl sulfoxide [31]. This methodology was applied for the preparation of 6-hydroxy-

5,8-dioxocarbostyril (44) (Scheme 19) whereas the corresponding 7-hydroxy derivative was prepared

by a lengthier route starting from 8-hydroxy-quinoline (oxine), involving amino to hydroxyl conversion

as the final step [32].

CMe

3

HO OH

R

CMe

3

OH

R

Fremy's salt

R = H, CMe

3

O

O

40

O

HO

O

O

O

OH

OH

KO

2

HO

HO

KO

2

41 42

OH

OH

OH

O

O

PhI(OCOCF

3

)

2

CH

3

CN-H

2

O

43

1



Molecules 2000, 5 1302

Scheme 19.

Tetralone oxidation in two steps proved to be a most effective approach to highly polymethoxylated
hydroxynaphthoquinones. SeO2 oxidized the proper tetralone derivative to the corresponding ortho-

quinone and solid KO2 converted the latter to the desired hydroxynaphthoquinone.  This approach

found application to the synthesis of 5,7,8-trimethoxy-1,4-naphthoquinone (45), monpain trimethyl

ether [33]. (Scheme 20)

Scheme 20.

Fremy' s salt can oxidize aniline derivatives to quinones under proper conditions [1]. In some cases

direct conversion to hydroxy quinone is possible, as indicated in Scheme 21 for the preparation of hy-

droxy pyrrolo[1,2-a]-indoloquinone (46) of the mitosene type [34].

Scheme 21.
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In an analogous reaction dopamine, 49, is oxidized to 2,4,5-trixydroxyphenylethylamine, 50, and the

latter by subsequent oxidation, cyclization and reoxidation is converted to hydroxydihydroindolequi-

none derivative, 51, [35]. (Scheme 23)

Scheme 23.
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since the formation of the latter in vivo is related to neurodegenerative diseases. One of the most effec-
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decarboxylated to the desired 2-hydroxy-1,4-naphthoquinone derivative 54. (Scheme 24) The method
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none [38], but so far this reaction has not found synthetic application.

Scheme 25.

Hydroxyl insertion to the quinone ring can be effected by the ring opening of the initially formed

oxirane, 56, obtained from the reaction of quinone and hydrogen peroxide in alkaline solution. This

approach was applied to the synthesis of 3-cyclohexyl-2-hydroxy-1,4-naphthoquinone, parvaquone

(57), known to display antiprotozoal activity. The parent quinone, 55, was prepared by modification of

the Dötz annulation reaction, involving chromium-carbene complexes and use of ultrasound [39].

(Scheme 26)

Scheme 26.
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Scheme 27.

Analogously, 2,5-dihydroxy-1,4-benzoquinone, 59, an interesting commercially available building

block, was most easily prepared [41] from the oxidation of hydroquinone by hydrogen peroxide in al-

kaline solution. (Scheme 28)

Scheme 28.
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droxyquinones [42a,b]: t-butoxy-cyclobutanedione (60), readily available from squaric acid, is con-

verted to the corresponding alkynyl cyclobutanedione, 61, by the action of the proper alkynyl lithium

reagent. The latter through a thermal ring expansion affords the corresponding t-butoxy- quinone, 62,

and finally removal of the t-butoxy group by trifluoracetic acid under mild conditions leads to the de-

sired hydroxyquinone, 63.(Scheme 29)

Scheme 29.
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This methodology offers an easy access to hydroxy quinone functionality and finds application for

the preparation of either simple quinones or complicated natural analogs. From this point it can be

compared to the Thiele-Winter route to hydroxyquinones.

Another rather unusual annelation gives rise to various ring fused hydroxybenzoquinones [43]. The

method for the preparation of the cyclohexane-fused derivative, 69, is outlined in Scheme 30.

Scheme 30.

The preparation starts with the reaction of the proper vinylogous silyl ether, 64, with the lithio anion

of the (methoxy)methoxyallene, 65. The intermediate silyl or formyl compounds, 66 or 67, are epoxi-

dized with m-chloroperoxybenzoic acid with simultaneous rearrangement of an initially formed zwite-

rionic intermediate. Finally, the oxirane derivative is converted to the fused hydroxybenzoquinone, 69,

through a base-catalysed intramolecular aldol reaction. Yields are satisfactory for a variety of cyclo-

pentanones and cyclohexanones, as well as for some aromatic ketones.

The reaction of 3-halo-3,6-dialkyl-1,2-cyclohexanediones (under their enolic form, 70) with iodine
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80% yield [44]. (Scheme 31)

Scheme 31.
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Scheme 32.

3. Reactivity

The reactivity of hydroxyquinones in general is related to the reactivity of quinones bearing elec-

tron-donor substituents. In addition, the enol-enone moiety offers some interesting synthetic possibili-

ties. The main patterns of hydroxyquinone reactivity are summarized below.

a) C - C bond formation

A large number of biologically active compounds related to hydroxyquinone structure bear a carbon

group to the position next to hydroxyl. In some compounds the hydroxyl is free, retaining thus the hy-

droxyquinone moiety, whereas in others the oxygen of the hydroxy group participates in a heterocyclic

ring. This explains the fact that a lot of synthetic effort has been put on the general reaction scheme

outlined below.

Sometimes the alkyl derivative is the synthetic target, whereas in other cases the cyclization pro-

ceeds either with or without the isolation of the intermediate alkyl hydroxyquinone.  The C - C bond

formation proceeds through two main reaction pathways: The hydroxyquinone, being in equilibrium

with its keto form, can be alkylated either through a radical mechanism or via conjugated addition to

the enolate formed by addition of base to hydroxyquinone solution. (Scheme 33)
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Scheme 33.

I. Alkyl substitution at carbon

Although the alkylation of quinones has been examined in some detail [46], relatively few reports

exist on the alkylation of hydroxyquinones. One of the first methods was the reaction of diacyl perox-

ides with hydroxynaphthoquinone (lawsone) to produce a great variety of naphthoquinones possesing

antimalarial activity [47]. The reaction proceeds through a radical mechanism but usually yields are not

satisfactory. (Scheme 34)

Scheme 34.

Better results are obtained from the reaction of acylated lawsone, 76, with a carboxylic acid in the

presence of peroxysulfate-mediated radical decarboxylation reaction [48]. (Scheme 35)

Scheme 35.

The method was employed for the preparation of naphthoquinone derivatives of the general struc-

tures 78, 79, and 80, exhibiting potential pesticidal activities.
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The same authors prepared series of allyl substituted hydroxynaphthoquinones, 83, from the reaction

of lawsone, 1, with the corresponding allylic alcohol, 81, under Mitsonobu reaction conditions and

subsequent Claisen rearrangement. (Scheme 36)

Scheme 36.

In a minor extension of the methodology, the Hooker oxidation with alkaline permanganate or hy-

drogen peroxide was used for the preparation of alkyl homologues with one less carbon at C-1 at the

side chain, 85, exhibiting the same pesticide activity. (Scheme 37)

Scheme 37.

An interesting alkylation method of lawsone towards a preparative synthesis of lapachone in a large

scale was recently reported [49]: The lithium salt of lawsone, 1, was prepared in situ by addition of

lithium hydride to a frozen solution of the quinone in dimethylsulfoxide. As the solution thawed, the

lithium salt was slowly formed and it was then alkylated with 3,3-dimethylallyl bromide, to afford the

desired alkyl derivative, 86, in 30% yield. (Scheme 38)
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Scheme 38.

Finally, Bieber and co-workers [50] showed that lawsone, as well as alkoxy quinones, can be di-

rectly alkylated by alkylboranes at C-3 position. The initially formed product, a reduced borane-

quinone complex, was oxidatively hydrolysed to alkyl lawsone, 87, (Scheme39).

Scheme 39.

The direct arylation of hydroxyquinones is not so common. In an older method lawsone was

arylated by diazonium salts under alkaline conditions [51] (Scheme 40).

Scheme 40.
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hydroxy-3-(2-nitroaryl)-1,4-naphthoquinones, 90, in fair yields. The latter were transformed into the

corresponding benzocarbazolequinones, 91, through reduction of the nitro group to an amino group

and subsequent cyclisation [52] (Scheme 41).
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Scheme 41.

II. Cyclization to furan derivatives

A great number of furoquinones, especially naphthofuranodiones, are natural products exhibiting a

broad spectrum of biological activity. For this reason the cyclization of hydroxyquinones to the corre-

sponding furan derivatives consists one of the most interesting features of their chemistry and several

cyclization methods have been developed. The reaction of lawsone with 2-bromopropanal afforded the

ortho-quinone furo derivative, 92, through the initial alkylation of C-2 [11]. (Scheme 42)

Scheme 42.

An analogous reaction using 3,4-dibromo-2-butanone led to a mixture of furan, 93, and dehydrofu-

ran, 94, derivatives. (Scheme 43). The former are natural products with significant antineoplastic ac-

tivity [53].
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The regioselective [3+2] photoaddition of 2-hydroxy-napthoquinones with a variety of alkenes of-

fers an easy one-step access to dihydrofuran derivatives, 95, whereas the reaction with alkynes led to

the furan analogues, 96, [54,55] (Scheme 44). Similar results were obtained from the reaction with 2-

hydroxy-benzoquinones [13].

Scheme 44.

The reaction proceeds through radical formation, the proposed reaction pathway explains the regio-

selectivity of the cyclization and yields are from fair to very good. A radical mechanism also explains

the products from the reaction of lawsone and its derivatives with â-naphthol: the cyclization takes

place with carbonyl-4 and ortho-quinone furodinaphthoderivatives, 97, are isolated [56]. (Scheme 45)

Scheme 45.
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sone with á-alkyl malonates in the presence of manganese(III)acetate gave poor yields of the corre-

sponding furan derivatives, 98 (Scheme 46). The use of lead tetraacetate as cooxidant improved yields

but the method is of little synthetic value [57].
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On the contrary, cerium(IV) ammonium nitrate, CAN, mediated cycloaddition of a variety of alke-

nes and alkynes with hydroxy benzo and naphthoquinones offered some quite remarkable results [56].

Thus, lawsone and its derivatives reacted with alkenes in the presence of two equivalents of CAN to

afford mixtures of ortho and para-quinone furo derivatives, 99 and 100. (Scheme 47).

Scheme 47.

Yields are satisfactory and the para-quinone isomer usually predominates, while acetonitrile was

found the best solvent for the reaction. The regioselectivity of the cyclization, as regards the substitu-

ents on the alkene, is high and easily explainable by the proposed reaction pathway: initial formation of

reactive radicals, followed by oxidation to tautomeric carbenium ion intermediates. The latter are

trapped intermolecularly by the hydroxy groups to afford the ortho and para-quinone isomers. (Scheme

48)

Scheme 48.

The reaction is also effective with phenyl acetylene, whereas other alkynes gave intractable mix-

tures. Finally, cyclisation proceeds satisfactorily with substituted hydroxybenzoquinones. (Scheme 49)
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Scheme 49.

All the above methods of cyclisation involve the initial formation of free radicals. Kobayashi and

co-workers reported [59] that the reaction of hydroxy naphthoquinones with enamines, 101, which

starts with the nucleophilic attack of quinone to enamine, affords furo para-quinones, 102, in satisfac-

tory yields. (Scheme 50)  In this case no formation of the corresponding ortho-quinone isomers was

observed.

Scheme 50.
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coupling/ring closure reactions [60]. Sonagashira coupling of the proper terminal alkyne with iodo hy-

droxy naphthoquinone, 103, leads to the corresponding non-isolable alkyne derivative, 104, which is

cyclized to the desired furo quinone, 105, in moderate yield. (Scheme 51)

Scheme 51.
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tandem Michael-carbene insertion to afford the cyclization products, 108, again in moderate yields.

(Scheme 52)

Scheme 52.

Finally, a general synthesis of benzo[b]naphtho[2,3-d]furan-6,11-diones, 110, was reported recently

[62a,b]. The final step is the internal coupling of an aryl bromide with the hydroxy group of a naphtho-

quinone under standard Ullmann coupling conditions. The 3-(2´-bromophenyl)-2-hydroxy-1,4-

naphthoquinone, 109, is prepared in six steps from commercially available materials. Overall yields are

in the range of 30-40%. (Scheme 53)

Scheme 53.
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(Scheme 38), was converted to â-lapachone, 111, by sulfuric acid at room temperature [49]. (Scheme

54)

Scheme 54.

In an analogous reaction condensation of lawsone and derivatives, 112, with cyclopentancarboxal-

dehyde, 113, afforded the corresponding alkenyl compounds, 114, and the latter were cyclised to the

para-quinone pyran derivatives, 115, [64], using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as

oxidative agent. (Scheme 55)

Scheme 55.

Interestingly enough, the para-quinone derivative, 115, is converted to the corresponding ortho-

quinone isomer, 117, through opening to the hydroxyquinone derivative, 116, as it is shown in Scheme

56. The ortho-quinone isomer again is converted to the para-quinone isomer, by the action of ethanolic

HCl.

Scheme 56.
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direct access to compounds with potential antitumoral activity [65]. Again selection of the acid reagent

leads exclusively the desired ortho or para-quinone isomer, 119 or 120, as it is shown in Scheme 57 for

a model compound.

Scheme 57.

b) Ylide formation

Hydroxy quinones form stable zwiterionic compounds of the general type:

These compounds can be described as hybrids of  1,4 or 1,2-dipoles or as ylides, whereas Z is a
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droxyquinones, 123, with dimethyl sulfoxide-acetic anhydride [66] (Scheme 58).
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The corresponding pyridinium-oxy zwitterionic quinones, 128 and 129, were prepared either by the

action of pyridine on polyhalogen quinones, 125, and hydrolysis of the resulting pyridinium salts, 126
and 127 [67], (Scheme 59).

Scheme 59.

or by oxidation of 1,4-naphthoquinones with iodine or hydrogen peroxide in the presence of substituted

pyridines [68] (Scheme 60).

Scheme 60.

A bis-phosphonium-bis-oxy zwitterionic quinone, 133, was prepared by a lengthier route:

Ketenylidene(triphenyl)phosphorane, 131, was dimerized and finally trimerized to form a symmetric

tris-ylide, 132, and the latter was converted to the quinone derivative by elimination of one mole of tri-

phenylphosphinoxide [69]  (Scheme 61).
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As it was already mentioned, iodonium ylides of hydroxy quinones offer interesting synthetic possi-

bilities. These ylides are prepared in good yields from the reaction of hydroxybenzo- or naphthoqui-

nones with (diacetoxyiodo)benzene [70,71] (Scheme 62) .

Scheme 62.

Iodonium ylides are labile compounds, react with both electrophiles and nucleophiles and afford cy-

clization products under photochemical conditions, as illustrated in Scheme 63  [70].
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Especially noteworthy is the thermal ring contraction to indandione in high yield. This contraction

takes place also with ylides of hydroxybenzoquinones, 135, proceeds through formation of carbenes,

137, and Wolf-rearrangement products, 138, and offers an easy one-pot synthesis of substituted cyclo-

pentenediones, 139, [71](Scheme 64).

Scheme 64.

This reaction can find application for the preparation of more complicated cyclopentenediones,

which are potential dienophiles. The case of hydroxytriptycenequinone, 141, which affords triptycene-

cylopentenedione, 143, and triptycene-tricyclic products through Diels-Alder reactions of the latter, is a

characteristic example [72] (Scheme 65).

Scheme 65.
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Scheme 66.

The same ylides were used for the regiospecific synthesis of unsymmetrical 2,3-diarylquinones, 149,
via stepwise Pd(0)-catalyzed coupling with arylstannanes [73]. The ylide serves as a doubly activated

quinone equivalent, one activator being the phenyliodonio group and the other the anionic oxygen that

is a masked triflate activator (Scheme 67).

Scheme 67.

The stepwise synthesis, with overall yields ranging 50-55%, is outlined in Scheme 68 below.

Scheme 68.
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c) Miscellaneous.

In many cases the conversion of the hydroxy group of the quinone ring to a corresponding ester or

ether group is necessary for a further transformation or for monitoring the biological activity of the

certain derivatives. The formation of the triflate, 148, in the previous scheme is a characteristic exam-

ple. Although these esterifications and ethers formation take place using the conventional methods,

some problems arise in the case of dihydroxyquinones.

2,5-Diacetoxy-1,4-benzoquinone, 152, is prepared from the parent dihydroxy compound, 150, by a

two-step procedure: The first step is the formation of an isolable quinone-pyridine complex, 151,which

with further addition of acetic anhydride yields the desired diacetoxy compound. Instead, 4-(1´,2´,4´,5´-

tetraacetoxyphenyl)-pyridine, 153, and 1,2,4,5-tetraacetoxybenzene, 154, are the products when the

reaction takes place in the presence of pyridine [75] (Scheme 69) .

Scheme 69.

Derivatives of 2,5-diacetoxy-1,4-benzoquinone, 155, can be converted to various mono- or disub-

stituted hydroxy, methoxy and acetoxy quinones by the sequence of reactions shown in Scheme 70.
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It must be noted that R1 and R2 are, except H and CH3, substituted indole derivatives and the aster-

riquinones prepared in this manner are used for an interesting structure-activity relationship study [76].

The preparative electrochemical reductive methylation of 2-hydroxy-1,4-benzoquinones was pro-

posed as a most effective methodology for the protection of this functionality [77].  The products are

aromatic methyl ethers of the reduced quinone function, such as 157, and the method finds application

in a variety of naturally occurring hydroxyquinones, such as perezone, 156, in the example outlined in

Scheme 71 below.

Scheme 71.

In some cases an oxidative rearrangement, followed by ring contraction, is observed from the reac-

tion of hydroxyquinones with the proper oxidative reagents. Thus 3,5,6-trisubstituted-2-hydroxy- and

3,6-disubstituted-2,5-dihydroxy-1,4-benzoquinones, 158 and 160, give good yields of the correspond-

ing lactone derivatives, 159 and 161, upon heating in dimethyl sulfoxide-acetic anhydride [66]

(Scheme 72).

Scheme 72.

An analogous oxidative transformation of lawsone (1) to 2,2-dicloroindane-1,3-dione (162), was

also reported [78] (Scheme 73).
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The presence of the hydroxy group on the quinone ring diminishes the dienophilic character of the

double bond that bears this group and Diels-Alder cyclizations take place from the other bond. When

two hydroxy groups are present, Diels-Alder cyclization proceeds with participation of the less hin-

dered bond, under vigorous conditions [79] (Scheme 74).

Scheme 74.

The initially formed Diels-Alder adduct, 164, is dehydrated and oxidized to the corresponding hy-

droxynaphthoquinone derivative, 165, under the conditions of the reaction.

Finally, 2,5-dihydroxy-1,4-benzoquinone, 123, reacts with biogenic amines like 2-

phenylethylamine, p-tyramine and histamine to an isolable tetrol derivative, 166. The latter is con-

verted either to 2,5-di-alkylamino-1,4-benzoquinone, 167, or to the monoimine of the parent com-

pound, 168, depending on the reaction conditions [80] (Scheme 75).

Scheme 75.
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reduced cofactor (such as aminoresorcinol, 174), which undergoes reoxidation to quinone-imine, 175,

coupled to a two-electron reduction of dioxygen to hydrogen peroxide (Scheme 76).

Scheme 76.

4. Conclusions

As a conclusion, hydroxyquinones is an important class of the quinone family, with interesting and

diverse reactivity. The naturally occurring hydroxyquinones are attractive synthetic targets, due to their

biological activity and their participation in biochemical processes. It is hoped that more interesting

results will be achieved in the future and that this review will be a useful tool for people interested in

this field.
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