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The electrooxidation of 2,3-dimethylhydroquinor® pas
been studied in the presence of 2-phenyl-1,3-indandi@ae (
3-hydroxy-H-phenalen-1-one 3p), and 2-chloro-5,5-di-
methyl-1,3-cyclohexanedion8) as CH acid nucleophiles
in water/acetonitrile (85/15) solution, using cyclic voltam-
metry and controlled-potential coulometry. The results
indicate thap-benzoquinone, generated by electrochemically
driven oxidation of the 2,3-dimethylhydroquinong),(is
scavenged bya—c, to give related productsbé, 9b, 8¢)

Note

against several types of neoplastic celtw are useful as
inhibitors of retrovirus and therapy of afias well as synthetic
intermediates in the manufacturing of food antioxid&tsand
antioxidant$ 11

With due attention to our experiences on electrochemical
synthesis of organic compountfsye thought that synthesis of
a new hydroquinone derivativésg) and benzofuran-4,7-diol
derivatives 9b and 8c) with both structures of hydroquinone
and benzofuran would be useful from the point of view of
pharmaceutical properties.
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This idea prompted us to investigate the electrochemical
oxidation of 2,3-dimethylhydroquinond)(in the presence of
some CH acid nucleophiles and represent a facile and one-pot
electrochemical method for the synthesis of some new com-
pounds ba, 9b, and8¢) in high yield and purity in an undivided
cell using an environmentally friendly method.

A cyclic voltammogram of 1.0 mM 2,3-dimethylhydro-
quinone () in water/cetonitrile (85/15) solution containing 0.2
M sodium acetate shows one anodic peak)(Aand the
corresponding cathodic peak ;)Cwhich correspond to the
transformation of 2,3-dimethylhydroquinor o 2,3-dimethyl-
p-benzoquinone?) and vice versa within a quasi-reversible two-
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syntheses dba, 9b, and8c have been successfully performed
in one-pot in an undivided cell using an environmentally
friendly method with high atomic economy.
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as antitumot, anti-depressarftantifungal® anti-hypertensive,
and cytotoxict They are also potent and selective oxytocin
antagonist8,PDE5 inhibitor for treatment of erectile dysfunc-
tion® and H receptor antagonistsOn the other hand, it has

(8) (a) Mueller, W. E. G.; Maidhof, A.; Zahn, R. K.; Schroeder, H. C.
M.; Gasic, M. J.; Heidemann, D. A.; Bernd, D.; Kurelec, B.; Eich, E.;
Seibert, GCancer Resl985 45, 4822. (b) Sarin, P. S.; Sun, D.; Thornton,
A.; Mueller, W. E. G.J. Natl. Cancer Inst1987, 78, 663. (c) Molinari, A.;
Oliva, A.; Reinoso, P.; Miguel del Corral, J. M.; Castro, M. A.; Gordaliza,
M.; Gupta, M. P.; Solis, P.; Feliciano, A. §ur. J. Med. Chem2002 37,

been reported that some hydroquinone derivatives are active77.

(9) Ganapati, D. Y.; Salim, A. R. K. D.; Navinchandra, S.IAd. Eng.

* To whom correspondence should be addressed. Phone: 0098-811-8271541Chem. Res2005 44, 7969.

Fax: 0098-811-8272404.

T Shahid Beheshti University.

* University of Bu-Ali-Sina.

8 Razi University.

(1) Hayakawa, 1.; Shioya, R.; Agastuma, T.; Furokawa, H.; Sugano, Y.
Bioorg. Med. Chem. LetR004 14, 3411.

(2) Gaszner, P.; Mila, INeuropsychopharmacologia Hungarica: a
Magyar Pszichofarmakologiai Egyesulet laj#804 6, 210.

10.1021/j00523767 CCC: $33.50 © 2006 American Chemical Society
Published on Web 02/08/2006

(10) Lau, S. S.; Monks, T. J.; Everitt, J. |.; Kleymenova, E.; Walker, C.
L. Chem. Res. ToxicoR001, 14, 25.

(11) Abdel-Lateff, A.; Konig, G. M.; Fisch, K. M.; Holler, U.; Jones, P.
G.; Wright, A. D.J. Nat. Prod.2002 65, 1605.

(12) (a) Nematollahi, D.; Goodarzi, H. Org. Chem2002 67, 5036.
(b) Nematollahi, D.; Habibi, D.; Rahmati, M.; Rafiee, M. Org. Chem.
2004 69, 2637. (c) Nematollahi, D.; Rafiee, Nereen Chem2005 7, 638.

(d) Nematollahi, D.; Tammari, El. Org. Chem2005 70, 7769.

J. Org. Chem2006 71, 2139-2142 2139



JOCNote

SCHEME 1

22.0 1

12.0 4

pA

2.0

-5.0 4

-18.0 .Cl T r T

-0.8 -0.35 0.1 0.55 1

E/V vs. Ag/AgCl

FIGURE 1. Cyclic voltammograms of (a) 1.0 mM 2,3-dimethylhy-
droquinone 1), (b) 1.0 mM 2,3-dimethylhydroquinonel) in the
presence of 0.5 mM 2-phenyl-1,3-indandior8&)( and (c) 0.5 mM
2-phenyl-1,3-indandione in the absencéd aft a glassy carbon electrode
in water/acetonitrile (85/15) solution containing 0.2 M sodium acetate.
Scan rate: 100 mV$;t =25+ 1°C.

electron procesd(Figure 1, curve a). A peak current ratigq/

IA1) of nearly unity, particularly during the recycling of the
potential, can be considered as a criterion for the stability of
2,3-dimethylp-benzoquinonel) produced at the surface of the
electrode under the experimental conditions. In other words,
any hydroxylatiof* or dimerizatiod® reactions are too slow to
be observed on the time scale of cyclic voltammetry. The
oxidation of 2,3-dimethylhydroquinonél)in the presence of
2-phenyl-1,3-indandione3g) was studied in some detail. Figure

1 (curve b) shows the first cyclic voltammogram obtained for
a 1.0 mM solution ofl in the presence of 0.5 mM 2-phenyl-
1,3-indandione 38). The voltammogram exhibits one anodic
peak (A) and one cathodic peak {{that shows decreasing in
comparison to the cathodic peak of 2,3-dimethylhydroquinone
(1) in the absence of3a. In this figure, curve c is the
voltammogram of3ain the absence df.
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Furthermore, we examine the effects of potential scan rate
and concentration of 2-phenyl-1,3-indandioBe)(on the peak
current ratio (Y1) in cyclic voltammograms of 2,3-
dimethylhydroquinone 1) in the presence of 2-phenyl-1,3-
indandione 8a). It is seen that, proportional to the increasing
of the potential scan rate (Figure 2, curvesfpor decreasing
of 2-phenyl-1,3-indandione3@) to the 2,3-dimethylhydro-
quinone () concentration ratio, the peak current ratigt/
I,A%) increases. A plot of the peak current ratigh¥/l A1) versus
the scan rate for a mixture of 2,3-dimethylhydroquinobeafd
2-phenyl-1,3-indandione3@) confirms the reactivity ofp-
benzoquinonel) toward 2-phenyl-1,3-indandion84) (Figure
2, curve Q).

Controlled-potential coulometry was performed in a solution
containing 0.25 mmol of 2,3-dimethylhydroquinorig &nd 0.25
mmol of 2-phenyl-1,3-indandione3§) at 0.30 V versus 3 M
Ag/AgCl. Cyclic voltammetric analysis, carried out during
electrolysis, shows the disappearance of th@éak. All anodic
and cathodic peaks disappear when the charge consumption
becomes about 2eper molecule of 2,3-dimethylhydroquinone
(1). Using the voltammetric and coulometric data, we propose
the pathway in Scheme 1 for the electrooxidation of 2,3-
dimethylhydroquinone 1) in the presence of 2-phenyl-1,3-
indandione 8a). According to our results, the final produ&ig)
is obtained via addition reaction 8&ato p-benzoquinone2a)
as a Michael acceptor (Scheme 1, eq 2). The overoxidation of
5a was circumvented during the preparative reaction because
of the insolubility of it in water/acetonitrile (85/15) solution.

The electrooxidation of 2,3-dimethylhydroquinorig in the
presence of 3-hydroxyH-phenalen-1-one3p) as a nucleophile
in water/acetonitrile (85/15) solution containing 0.2 M sodium
acetate using cyclic voltammetry and controlled-potential cou-
lometry was studied in some detail. The cyclic voltammograms
show a decrease in cathodic peak of 2,3-dimethylhydroquinone
(1) in the presence dib in comparison tdl in the absence of
3b. Increasing the concentration 8b and/or decreasing the
scan rate causes an enhancement in extent of chemical reaction
during the time scale of cyclic voltammetry, which appears as
increasing in peak current ratid,{"od9]cathodig - The most
important difference between this case and the previous case is
the number of transferred electrons during controlled-potential
coulometry. The results show that, contrary to the previous case,
the consumed charge is about~4@er molecule of 2,3-
dimethylhydroquinonel). This is related to two two-electrons
transfer processes (Scheme 2, eqs 2 and 4) giving rise to the
presence of two acidic protons 8b (Figure 3).
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FIGURE 2. Typical cyclic voltammograms of 1.0 mM 2,3-dimethylhydroquinofigif the presence of 1.0 mM 2-phenyl-1,3-indandioBa) @t
a glassy carbon electrode in water/acetonitrile (85/15) solution containing 0.2 M sodium acetate. Scan ratef)far¢a)50, 100, 200, 400, 800,
and 1600 mV s?, respectively. (g) Variation of peak current ratig®{/I*) versus scan raté,= 25 + 1 °C.
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These coulometry and voltammetry results allow us to
propose an ECEC mechanis® indicated in Scheme 2 for
the electrooxidation ofl in the presence of 3-hydroxyHt
phenalen-1-one3p).

According to the obtained results, the intermolecular (Scheme wiley: New York, 2001; p 497.
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FIGURE 3.

2, eq 1) and intramolecular (Scheme 2, eq 3) Michael addition
reactions of anion enolaBbAE to p-benzoquinone?) is faster
than the other secondary reactions, leading to the final product
9b. The oxidation of intermediatgb is easier than the oxidation
of the parent starting molecule (2,3-dimethylhydroquinone) by
virtue of the presence of an electron-donating group. The
reaction productgb) can also be oxidized at a lower potential
than the starting compound)( However, the overoxidation of
product9b was circumvented during the preparative reaction
because of the insolubility of the product in the water/acetonitrile
(85/15) mixture. Alternatively, it is possible that the intermediate
5b can also be oxidized during reaction wh(Scheme 2, eq
4).

The electrochemical oxidation of 2,3-dimethylhydroquinone
(2) in the presence of 2-chloro-5,5-dimethyl-1,3-cyclohexanedi-
one @Bc) as a nucleophile in a water/acetonitrile (85/15) solution
containing 0.2 M sodium acetate using cyclic voltammetry and
controlled-potential coulometry was studied in some detail. This
nucleophile 8c) has one acidic electron (Figure 3), and the
electrooxidation ofl in the presence of it proceeds in a way
similar to that of 2-phenyl-1,3-indandion8&d). In this case,
the final product is obtained after consumption of 2ger
molecule of 2,3-dimethylhydroquinong)( but contrary td3a,
the final product&c) is a benzofuran derivative. The coulometry
and voltammetry results, along withINMR, 13CNMR, IR, and
MS data of the obtained product, allow us to propose the
following mechanism for the electrooxidation df in the
presence of 2-chloro-5,5-dimethyl-1,3-cyclohexanedione.

In conclusion, the results of this work show that 2,3-
dimethylhydroquinone 1) is oxidized to its respectivep-
benzoquinoned). The formedp-benzoquinone is attacked by
nucleophiles3a—c to form final productssa, 9b, and8c. We
observed an interesting diversity in the electrooxidation mech-
anisms and products of 2,3-dimethylhydroquinodg it the
presence o8a—c. In the case 08a, the final product%a) is a
hydroguinone derivative that was obtained after consumption
of 2e per moleculel. In the case 08b, the final product 9b)
is a benzofuran derivative that was obtained after consumption

(16) Bard, A. J.; Faulkner, L. RElectrochemical Method<2nd ed.;
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of 4e~ per moleculel, via intermolecular and intramolecular
Michael addition reactions. And in the case 3¢, the final
product8b, which is also a benzofuran derivative, was obtained
via an intermolecular Michael addition reaction and followed
by elimination of HCI, after consumption of 2ger molecule

1. The overall reactions mechanism for anodic oxidation of 2,3-
dimethylhydroquinonel) in the presence da—c are presented

in Schemes +3. These mechanisms show a good diversity in
anodic oxidation ofl in the presence d3a—c.

Experimental Section

Apparatus and ReagentsReaction equipment is described in
the Supporting Information. All chemicals (2,3-dimethylhydro-
quinone, 2-pheny-1,3-indandione, 2-chloro-5,5-dimethyl-1,3-cy-
clohexanedion, and 3-hydroxyHiphenalen-1-one) were reagent-

aromatic), 7.648.03 (m, 5H, aromatie- 1H —OH), 8.92 (s, 1H,
—OH). 13CNMR, 6 ppm (300 MHz DMSOdg): 12.4, 12.7, 70.9,
109.0,113.4,119.3,122.4,123.4,125.4, 127.6, 128.3, 129.9, 131.2,
135.5,136.9, 137.8, 148.9, 150.3, 152.5, 200.2, 2014JR3535,
3460, 2910, 1710, 1599, 1495, 1452, 1376, 1289, 1223, 1198, 1080,
1055, 878, 834, 747, 697 cth MS: mVe (relative intensity); 358
(M, 100), 313 (15), 285 (20), 269 (14), 225 (27), 189 (40), 165
(50), 76 (30).
8,11-Dihydroxy-9,10-dimethyl-12-oxaindeno[2,1-a]phenalen-
7-one (9b) (G1H1404): mp 270-273°C. H NMR, 6 ppm (300
MHz DMSO d): 2.02 (s, 3H, methyl), 2.09 (s, 3H, methyl), 7-61
8.22 (m, 6H, aromatic), 8.36 (br, 2H;OH). *C NMR, 6 ppm
(300 MHz DMSO¢): 11.8,12.4,112.3,125.8, 126.0, 126.6, 126.8,
127.9,131.2,131.5, 133.1, 136.8, 139.7, 140.2, 141.2, 141.8, 184.7,
187.1. IRker: 3536, 3059, 1648, 1545, 1433, 1385, 1199, 1156,
1105, 846, 798, 776, 666 cth MS: m/e (relative intensity); 330
(M+, 100), 329 (99), 315 (19), 196 (16), 163 (16).

grade materials, and sodium acetate was pro-analysis grade. These g 9-pihydroxy-3,3,7,8-tetramethyl-3,4-dihydro-H-dibenzo-

chemicals were used without further purification.

Electroorganic Synthesis of 5a, 9b, and 8cln a typical
procedure, 80 mL of sodium acetate solution (0.2 M) was pre-
electrolyzed at 0.30 V vs Ag/Ad@3 M in an undivided cell, and
then 1 mmol of 2,3-dimethylhydroquinong&)@nd 1 mmol of3a—c

furan-1-one (8c) (GgH1s04): mp 180-182°C. *H NMR, 6 ppm
(300 MHz DMSO @): 1.09 (s, 6H, methyl), 2.08 (s, 3H, methyl),
2.12 (s, 3H, methyl), 2.34 (s, 2H, methylene), 2.39 (s, 2H,
methylene), 7.15 (s, 1H;OH), 9.31 (s, 1H,~OH). 13C NMR, &
ppm (300 MHz DMSOdg): 12.3,12.5, 28.5, 35.4, 37.2,51.9, 102.8,

were added to the cell. The electrolysis (at 0.30 V vs Ag/AgCl 3 1150, 120.5, 120.9, 148.2, 153.1, 170.1, 194.3HR 3391, 3290,
M) was terminated when the decay of the current became more yg56 1648, 1452, 1374, 1081, 863 GmMS: m/e (relative

than 95%. The process was interrupted during the electrolysis, andintensity); 274 (M, 40), 258 (60), 230 (20), 202 (100), 174 (60),
the graphite anode was washed in acetone to reactivate it. At the49 (25) 91 (30), 69 (45), 54 (70), 41 (65).

end of electrolysis, a few drops of acetic acid added were added to

the solution and the cell was placed in a refrigerator overnight.
The precipitated solid was collected by filtration and washed with
water. After washing, products were characterized byHR\NMR,
13C NMR, and MS. The isolated yields &a, 9b, and 8c after
washing are reported in Schemes3l
2-(2,5-Dihydroxy-3,4-dimethylphenyl)-2-phenyl-#-indene-
1,3-dione (5a) (GsH1804): mp 216-218°C.H NMR, 6 ppm (300
MHz DMSO d): 2.01 (s, 3H, methyl), 2.03 (s, 3H, methyl), 6.56
(s, 1H, aromatic hydroquinone ring), 6.92, 7.29 (die; 6 Hz, 4H,

2142 J. Org. Chem.Vol. 71, No. 5, 2006
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