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Abstract 
A general and straightforward synthesis of anthraquinones was developed, in which 
diallylation of 1,4-naphthoquinones, followed by Ring Closing Metathesis (RCM) of the 
resulting diallylnaphthoquinones with Grubbs’ catalyst and subsequent dehydrogenation 
using Pd/C afforded the desired anthraquinones with regio control of substituents and in good 
yields. 
 

Anthraquinones are widespread in nature as physiologically active constituents of plants, 
microorganisms, insects and marine animals.1-3 The attractive biological activities of these 
anthraquinones, for example the antitumor agents ametantrone,4 mitoxantrone4 and the natural 
adriamycine,5 explain the great interest in the quinone moiety as a target in organic synthesis. 
Many synthetic strategies towards the synthesis of anthraquinones have already been 
developed, such as Friedel-Crafts reactions,6 Diels-Alder reactions,7 phthalide anion 
strategies,1,2,8 and aryne annulation reactions.9 However, the reported methods still have some 
drawbacks such as harsh reaction conditions, low yields or a difficult regiocontrol. For this 
reason, the development of a new and general method for the synthesis of anthraquinones is 
of scientific interest. 

In the past decade, Ring Closing Metathesis (RCM) of (heteroatom) functionalized dienes has 
been presented as a powerful method for the construction of an ever-broadening range of 
carbocycles and heterocycles.10 Very recently, a new protocol for benzoannulation involving 
double Claisen rearrangment and Ring Closing Metathesis (RCM) has been presented towards 
2,3-dimethyl-9,10-anthraquinone.11 In continuation of our interest in the synthesis of naturally 
occurring compounds,12 this communication discloses a more general methodology for the 
ring construction of quinone systems utilizing Ring Closing Metathesis towards 1- and/or 3-
substituted dihydroanthraquinones and anthraquinones with regio control of substituents. 
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1,4-Naphthoquinones are either commercially available or easily accessible compounds, 
which makes them attractive starting materials in natural product synthesis. 5,7-Dimethoxy-
1,4-naphthoquinone 2a was prepared from 1,4-benzoquinone 1 using a well-known Diels-
Alder methodology13 with 1,3-dimethoxy-1-trimethylsilyloxy-1,3-butadiene14 (Scheme 1). 
Since only the naphthoquinones 2b and 2d are commercially available, the methylated 
analogue 2c of naphthoquinone 2b had to be prepared utilizing 4 equivalents of iodomethane 
and 3 equivalents of Ag2O in refluxing CH2Cl2 for 12 hours (Scheme 2). 
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2,3-Diallylnaphthoquinones 3 were prepared in good yields (62%-67%) from 
naphthoquinones 2 upon reaction with 3 equivalents of 3-butenoic acid in acetonitrile in the 
presence of 4 equivalents of diammonium persulfate and a catalytic amount of silver nitrate. 
A double radical Michael addition on naphthoquinones 2 afforded the desired allylated 
compound 3 (Scheme 2). Formerly, dialkylation of 1,4-naphthoquinones with acetic acid 
under these conditions has led to 2,3-dimethyl-1,4-naphthoquinone radical additions.15 Also 
allylation of naphthoquinones has been mentioned in the literature.16 
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In order to furnish 1-substituted anthraquinones, a Claisen rearrangment approach was 
applied towards the synthesis of 2-(1-methyl-2-propenyl)-1,4-naphthoquinone 8 after mono-
O-allylation of the appropiate substrate (Scheme 3). Naphthoquinone 4 was transformed into 
1-hydroxy-4-methoxynaphthalene 5 in methanol in the presence of 3.5 equivalents of SnCl2 
and 12N hydrochloric acid.17 Subsequently, the free hydroxyl group of compound 5 was 
alkylated with 1.2 equivalents of crotyl bromide in acetone under basic conditions (3 
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equivalents of K2CO3). The thus obtained (E)-1-(2’-butenoxy)-4-methoxynaphthalene 6 was 
used as a substrate for a Claisen rearrangement furnishing 1-hydroxynaphthalene 7, which 
was easily oxidized with 3.1 equivalents of cerium ammonium nitrate (CAN) in aqueous 
acetonitrile (1/1) resulting in naphthoquinone 8.18 Finally, allylation with 3-butenoic acid in 
the presence of diammonium persulfate and Ag2O resulted in the desired methyl substituted 
naphthoquinone 3e in 65% yield (Scheme 3). 

 

Scheme 3 

O

O
4

OH

OMe

5

3.5 equiv. SnCl2
HCl (12 N)

MeOH, ∆, 3 h

1.2 equiv.Br

3 equiv. K2CO3
Acetone, ∆, 24 h

O

OMe

6 (89%)

OH

DMF, ∆, 12 h

O

O

3.1 equiv. CAN

H2O, CH3CN
r.t., 1 h

O

O

8 (56%)3e  (65%)

2 equiv. COOH

0.65 equiv. AgNO3

4 equiv. (NH4)2S2O8
CH3CN, H2O, 75°C, 2 h

7
OMe

 

 

The key step in the disclosed synthesis of anthraquinones comprises a Ring Closing 
Metathesis of 2,3-diallylnaphthoquinones 3 using Grubbs’ first generation catalyst. In this 
way, dihydroanthraquinones 9 were synthesized in high yields and high purity utilizing 7 mol 
% of benzylidene-bis(tricyclohexylphosphine)dichlororuthenium in toluene upon heating 
(Scheme 4). In a final step, the easily obtained dihydroanthraquinones 9 were aromatized by 
means of palladium on active carbon in toluene under reflux, furnishing the targeted 
anthraquinones 10 in excellent yields (88%-96%). 
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In conclusion, a general and straightforward synthetic design towards naturally 
occurring anthraquinones, based on Ring Closing Metathesis of quinone moieties, was 
developed in good yields. Diallylation of 1,4-naphthoquinones, followed by RCM using 
Grubbs’ first generation catalyst and subsequent aromatization afforded the desired 
anthraquinones in a very efficient and elegant way with regio control of substituents on the 
substituted ring. 
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