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1,4-Naphthoquinones comprise an important class of organic compounds that are widely distributed in plants, marine invertebrates, 
fungi, and bacteria.1 These compounds attract the attention of researchers due to a wide range of pharmacological properties including 
antibacterial2, antiviral3, trypanocidal4, anticancer5, antimalarial6, and antifungal7 activity. In particular, dioncoquinone B (1) (Figure 1) 
is of interest due to its promising anti-tumoral and anti-infective activities. It was isolated by Bringmann and coauthors from tropical 
liana Triphyophyllum peltatum and was highly active against Leishmania major and multiple myeloma cells without any significant 

toxicity towards normal blood cells.8

Figure 1. Structures of dioncoquinone B (1) and the related naturally 
occurring compounds.

Bringmann and coauthors also isolated structurally closely related 
to dioncoquinone B (1) naphthoquinones such as ancistroquinones B 
(2), C (3), malvone A (4), a phytoalexin isolated from Malva sylvestris 
(family Malvaceae),9  and others from tropical liana Ancistrocladus 

abbreviatus.8b Recently, another related naphthoquinone 5-hydroxy-3,6-dimethoxy-2-methyl-1,4-naphthoquinone (5), possessing 
activity against Mycobacterium tuberculosis and the Vero cell line, was first isolated from the roots of Aloe secundiflora together with 
other known quinonoid compounds.10 

It should be noted that naphthoquinones with a similar arrangement of substituents are difficult to access synthetically. So, 
Bringmann and coauthors reported the first total synthesis of ancistroquinone C (3), dioncoquinone B (1) and a range of its congeners 
using three different synthetic approaches including difficult techniques with MeLi, n- and sec-BuLi at -90 (-78) °C or reduction  with 
LAH. The overall yields of ancistroquinone C (3) as a key precursor of dioncoquinone B (1) ranged from 19% to 36%.8b Malvone A (4) 
was also previously synthesised in 5 steps with an overall yield of 32%, but this synthesis requires the use of unpleasant selenium 
dioxide and is not suitable for preparative scales.11 Although, many other regioselective methodologies to access polysubstituted 
1,4-naphthoquinone are known.12

We needed a straightforward preparative route to access a class of substituted naphthoquinones, because of our interest in synthesis 
of natural quinonoid compounds and their pharmacologically important derivatives.13 2-Hydroxy-1,4-naphthoquinones are of particular 
interest, since they can be used as starting materials for obtaining a wide range of natural quinonoid compounds and their analogues.14

We propose, here, an alternative method for the synthesis of ancistroquinone C (3-hydroxy-2-methyl-5,6-dimethoxy-
1,4-naphthoquinone, 3) and its analogues 2-hydroxy-7,8-dimethoxy-1,4-naphthoquinone (6) and 2-ethyl-3-hydroxy-5,6-dimethoxy-1,4-
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A total synthesis of dioncoquinone B and related compounds, including ancistroquinones B, C 
and malvon A, is presented. The strategy is based on available reagents and can be used as a 
preparative synthesis of a number of natural and synthetic biologically active (3-alkyl)-2,7,8-
di(tri)methoxy(hydroxy)-1,4-naphthoquinones.
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naphthoquinone (7) from pyrocatechol with a total yield from 34% to 44%. Despite the multistage nature, this approach mostly uses 
simple reliable techniques and inexpensive and available reagents.

Scheme 1. Synthesis of ancistroquinone C (3) and its analogues 6,7.

The Friedel-Crafts acylation of pyrocatechol (8) with propionyl chloride gave 3,4-dihydroxypropiophenone (9a)15 in 88% yield 
(Scheme 1). The selective methylation of propiophenone 9a at the 4-position using lithium carbonate as a base gave 
methoxypropiophenone 10a in 81% yield16 however products 11a and 12a were also isolated (5% and 3% respectively). The allylation 
of 10a gave allyloxymethoxybenzene 13a (95%), which underwent the Claisen rearrangement to give allylbenzene 14a in an almost 
quantitative yield (98%). The methylation of compound 14a gave allylbenzene 15a (98%), the oxidation of which produced 
phenylacetic acid 16a in the presence of Ru(OH)Cl3 and NaIO4 in 85% yield. The esterification of acid 16a in absolute methanol in the 
presence of HCl (AcCl was added) led to the ester 17a in 98% yield. The Dieckmann cyclization of the ester 17a and the subsequent 
oxidation gave ancistroquinone C (3) in 82% yield. It should be noted that the conversion of 10a→3 (Scheme 1) does not require 
additional purification of the products and the only stage including chromatographic separation of the product is the conversion of 9a to 
10a.

A similar sequence of reactions using acetyl chloride or butyryl chloride in the first step gave 2-hydroxy-7,8-dimethoxy-1,4-
naphthoquinone (6)17 (overall yield 37%) and 2-ethyl-3-hydroxy-5,6-dimethoxy-1,4-naphthoquinone (7) (overall yield 34%) 
respectively. So this reaction sequence can be used as a general preparative method for obtaining 2-alkyl-3-hydroxy-5,6-dimethoxy-1,4-
naphthoquinones.

Ancistroquinone C (3) can be used to prepare a number of other naturally occurring quinones.8b So, the demethylation of 3 gave 
dioncoquinone B (1) as a major product (75%) while ancistroquinone B (2) was also obtained with a yield of 12%. The selective 
methylation of dioncoquinone B (1) and ancistroquinone B (2) at the 2-position using diazomethane gave malvone A (4) and 5-
hydroxy-3,6-dimethoxy-2-methyl-1,4-naphthoquinone (5) respectively in an almost quantitative yield (Scheme 2). Synthetic 
compounds 1-5 were identical in all respects with natural quinones isolated from plants.8,9,10

Scheme 2. Synthesis of naturally occurring 1,4-naphthoquinones from 
ancistroquinone C (3).

In summary, the total synthesis of dioncoquinone B (1) has been 
completed in 33% overall yield with a linear sequence of 9 steps. The 
synthetic pathway developed allows convenient access to various 
naturally occurring (3-alkyl)-2,7,8-di(tri)methoxy(hydroxy)-1,4-
naphthoquinones on preparative scales and does not require complex 
techniques and expensive reagents. It is envisaged that the strategy 
described will allow access to other members of the 2-alkyl-3-
hydroxy-5,6-dimethoxy-1,4-naphthoquinones family that have eluded 

synthetic efforts and make these compounds more accessible for further synthetic modification and their biological activity study.

Acknowledgments

We thank O.P. Moiseenko for MS measurements, Dr. V.P. Glazunov for recording IR spectra, Dr. V.A. Denisenko and 
D.V. Denisenko for recording NMR spectra. The authors appreciate Prof. V. Ph. Anufriev and Dr. S. V. Dragan for helpful discussion.

OH
HO

OH
HO

O

O

OMe
MeO OH

R

MeI, Li2CO3, DMF

neat, 200 oC MeI, K2CO3

R
O

OH
MeO

R
O

O
MeO

R
O

OH
MeO

R
O

OMe
MeO

R
O

OMe
MeO

R
O

COOH

OMe
MeO

R
O

COOMe

RCH2COCl,
AlCl3

C2H4Cl2, 24 h,
0 °С then rt

18 h, 55 oC

AllBr, K2CO3, DMF

18 h, rt 4 h 18 h, rt

NaIO4, Bu4N+Br-,
RuOHCl3, 2.5 mol%

EtOAc/H2O,
24 h, rt

MeOH, HCl (AcCl)

3 h, reflux

1) MeONa, MeOH,
4 h, reflux

2) then 5% NaOHaq,
air, 12 h, rt

8 9 10

13 14 15

16 17 3 R=Me, 6 R=H, 7 R=Et

9-17: R=Me (a), H (b), Et (c)

OMe
R'O

R
O

11 R'=H; 12 R'=Me
major product minor products

Ancistroquinone C (3)

O

O

OH
MeO OH

Me

O

O

OH
HO OH

Me

O

O

OH
HO OMe

Me

Ancistroquinone B (2)

Malvone A (4)Dioncoquinone B (1)

AlCl3/EtSH

O

O

OH
MeO OMe

Me

5-Hydroxy-3,6-dimethoxy-2-methyl-
-1,4-naphthoquinone (5)

CH2Cl2

CH2N2

CH2N2

1,4-dioxane

1,4-dioxane

O

O

OMe
MeO OH

Me



  

The reported study was funded by RFBR according to the research project № 18-33-00460.

References and notes

1. (a) Thomson, R. H. Naturally Occurring Quinones, Academic Press: London, 1971, 2nd ed. 
(b) Thomson, R. H. Naturally Occurring Quinones, Chapman & Hall: London, 1987, 3rd ed. 
(c) Thomson, R. H. Naturally Occurring Quinones, Blackie Academic and Professional (Chapman & Hall): London, 1997, 4th ed. 
(d) Shikov, A. N.; Pozharitskaya, O. N.; Krishtopina, A. S.; Makarov, V. G. Phytochem Rev 2018, 17, 509-534.
(e) Vasileva, E. A.; Mishchenko, N. P.; Fedoreyev, S. A. Chem. Biodiversity 2017, 14, e1700182.

2. (a) Osman, S.A.A.; Abdalla, A.A.; Alaib, M.O. J. Pharm. Sci. 1983, 72, 68–71.
(b) Roushdi, I.M.; Ibrahim, E.S.A.; Habib, N.S. Pharmazie 1976, 31, 856–859. 
(c) Sanchez-Calvo, J. M.; Barbero, G. R.; Guerrera-Vasquez, G.; Duran, A. G.; Macıas, M.; Rodrıguez-Iglesias, M. A.; Molinillo, J. M. G.; Macıas, F. 
A. Med.Chem. Res. 2016, 25, 1274-1285.

3. Brinkworth, R. I.; Fairlie, D. P. Biochim. Biophys. Acta 1995, 1253,  5–8.
4. Salmon-Chemin, L.; Buisine, E.; Yardley, V.; Kohler, S.; Debreu, M. A.; Landry, V.; Sergheraert, C.; Croft, S. L.; Krauth-Siegel, L. R.; Davioud-

Charvet, E. J. Med. Chem. 2001, 44, 548-565.
5. (a) Hazra, B.; Sur, P.; Roy, D. K.; Sur, B.; Banerjee, A. Planta Med. 1984, 51, 295–297. 

(b) Wellington, K. W. RSC Adv. 2015, 5, 20309-20338.
6. (a) Yardley, V.; Snowdon, D.; Croft S.; Hazra, B. Phytother. Res. 1996, 10, 559–562. 

(b) Bullock, F. J.; Tweedie, J. F.; McRitchie, D. D.; McRitchi, D. D.; Tucker, M. A. J. Med.Chem. 1970, 13, 550–552. 
(c) El Hage, S.; Ane, M.; Stigliani, J.-L.; Marjorie, M.; Vial, H.; Baziard-Mouysset, G.; Payard, M. Eur. J. Med. Chem. 2009, 44, 4778-4782.

7. (a) Perry, N. B.; Blunt, J. W. J. Nat. Prod. 1991, 54, 978–985.
(b) Futuro, D.O.; Ferreira, P.G.; Nicoletti, C.D.; Borba-Santos, L.P.;  Da Silva, F.C.; Rozental,  S.; Ferreira, V.F. An. Acad. Bras. Cienc. (Annals of 
the Brazilian Academy of Sciences) 2018, 90 (1 Suppl. 2), 1187-1214.

8. (a) Bringmann, G.; Rudenauer, S.; Irmer, A.; Bruhn, T.;  Brun, R.; Heimberger, T.; Stuhmer, T.; Bargou, R.; Chatterjee, M., Phytochemistry 2008, 69, 
2501–2509. 
(b) Bringmann, G.; Zhang, G.; Hager, A.; Moos, M.; Irmer, A.; Bargou, R.; Chatterjee, M. Eur. J. Med. Chem. 2011, 46, 5778-5789.

9. Veshkurova, O.; Golubenko, Z.; Pshenichnov, E.; Arzanova, I.; Uzbekov, V.; Sultanova, E.; Salikhov, Sh.; Williams, H. J.; Reibenspies, J. H.; 
Puckhaber, L. S.; Stipanovic, R. D. Phytochemistry 2006, 67, 2376–2379.

10. Induli, M.; Cheloti, M.; Wasuna, A.;  Wekesa, I.; Wanjohi, J.M.; Byamukama, R.; Heydenrich, M.; Makayoto, M.; Yenesew A.  Phytochemistry 
Letters 2012, 5, 506–509.

11. Wu, K.-L.; Cohen, E. P. M. T.; Huang, Ya.; Pettus, T. R. R. Synlett 2009, 8, 1273–1276.
12. see for example:(a) Rodo, E. C.; Feng, L.; Jida, M.; Ehrhardt, K.; Bielitza, M.; Boilevin, J.; Lanzer, M.; Williams, D. L.; Lanfranchi, D. A.; Davioud-

Charvet, E. Eur. J. Org. Chem. 2016, 1982–1993.
(b) de Koning, C.B.; Rousseau,  A.L.; van Otterlo, W. A. L. Tetrahedron 2003, 59, 7-36.

13. Pelageev, D. N.; Dyshlovoy, S. A.; Pokhilo, N. D.; Denisenko, V. A.; Borisova, K. L.; Amsberg, G. K.; Bokemeyer, C.; Fedorov, S. N.; Honecker, F.; 
Anufriev,  V. Ph. Eur. J. Med. Chem 2014, 77, 139-144.

14. (a) Pelageev, D. N.;  Borisova, K. L.; Anufriev, V. Ph.;  Synthesis 2018, 50, 3931-3935.
(b) Pelageev, D. N.;  Anufriev, V. Ph.;  Synthesis 2016, 48, 761-764. 
(c) Pelageev, D. N.; Panchenko, M. N.; Pokhilo, N. D.; Anufriev, V. Ph. Russ. Chem. Bull. Int. Ed. 2010, 59, 1472-1476.
(d) Sabutskii, Yu. E.; Polonik, S. G.; Denisenko, V. A.; Dmitrenok, P. S. Synthesis 2014, 46, 2763-2770.
(e) Yamaguchi, S.; Katsuki, T.; Yokoyama, H.; Hirai, Yo. J. Heterocyclic Chem. 2001, 38, 511-514.
(f) Hamama, W. S.; Hassanien, A. E.-D. E.; Zoorob, H. H. J. Heterocyclic Chem. 2017, 54, 2155-2196.

15. (a) Tran, A. T.; West, N. P.; Britton, W. J.; Payne, R. J. Chem. Med. Chem. 2012, 7, 1031 – 1043.
(b) Sum, T. H.; Sum, T. J.; Stokes, J. E.; Galloway, W. R. J. D.; Spring, D. R. Tetrahedron 2015, 71, 4557-4564.

16. Wymann , W. E.; Davis, R.; Patterson, J. W. Jr.; Pfister, J. R. Synth. Commun. 1988, 18, 1379-1384.
17. Soga, O.; Takuwa, A.; Doi, H. Nippon Kagaku Kaishi 1976, 1735-1741.

Supplementary Material

General experimental procedures, Mass and NMR spectral data for compounds are provided in supporting information.

Highlights:
 Gram-scale synthesis
 Available inexpensive reagents
 Simple techniques

Graphical Abstract



  

3

A convenient synthetic approach to 
dioncoquinone B and related compounds
Ekaterina A. Khmelevskaya, Dmitry N. Pelageev

O

O

OMe
OH

R

MeO

R=H, Me, Et
Ancistroquinone C (R=Me)

total yields up to 44%

O

O

R2

R1

Me

R3OH

Natural quinones:
R1=R2=R3=OH (Dioncoquinone B);
R1=OMe, R2=R3=OH (Malvone A);

R1=R2=OH, R3=OMe (Ancistroquinone B);
R1=R3=OMe, R3=OH.

(R=Me)

8 stages:
gram-scale synthesis,

available inexpensive reagents,
simple techniques!

R
Cl

O

HO

Leave this area blank for abstract info.


