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Diisopropyltetrahydroquinoxalinedione derivatives are synthesized from the reaction of various cate-
chols with N,N0-diisopropylethylenediamine. Both chemical and electrochemical methods give the same
products. While the chemical synthesis is faster, the electrochemical synthesis provides higher yields.
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1. Introduction

Quinoxalinediones have been used extensively as drugs in
medicinal chemistry,1–4 epilepsy, Parkinson’s, schizophrenia,
stroke, head trauma, pain and drug addiction.5–7 Achieving water
solubility of quinoxalinediones without loss of selectivity and
potency profiles is a major challenge for medicinal chemistry.8

Most of the reported syntheses describe 1,4- or 2,3-quinoxaline-
dione derivatives.9,10

The quinoxaline-6,7-diones produced in this work are water
soluble and might be useful for the treatment of some diseases.
Our work is based on the addition of different diamines to quinone
derivatives and formation of new nitrogen-containing hetero-
cycles. This work has led to the development of easy and environ-
mentally friendly methods for the synthesis of several new
quinoxalinedione derivatives.

In continuation of our studies on the synthesis of quinoxalined-
iones,11 herein we describe a convenient method for the chemical
and electrochemical synthesis of several new diisopropylquinoxal-
inedione derivatives from the reaction of catechols 1a–c with N,N0-
diisopropylethylenediamine (DIPEDA) (Scheme 1).

2 Electrochemical study of catechol

Cyclic voltammograms of 1a in the absence (curve a) and pres-
ence (curve b) of DIPEDA in a phosphate buffer solution (PBS),12 pH
ll rights reserved.

: +98 811 8257407.
ibi).
7, c = 0.15 are shown in Figure 1. A cyclic voltammogram of 1a in
the absence of DIPEDA (curve a) shows one anodic peak (A1) at
0.20 V and the corresponding cathodic peak (C1) at 0.13 V, which
correspond to the transformation of 1a to o-benzoquinone (2a)
and vice versa within a quasi-reversible two-electron process.13

Under these conditions, the peak-current ratio ðIC1
p =IA1

p Þ is near
unity; which can be considered a criterion for the stability of 2a
produced at the surface of the electrode under the experimental
conditions.14 In other words, hydroxylation15–17 or dimeriza-
tion18,19 reactions are too slow to be observed on the time scale
of cyclic voltammetry.20

Figure 1 (curve b) shows the first cyclic voltammogram ob-
tained for a 1.0 mM solution of 1a in the presence of 1.0 mM of
DIPEDA. The voltammogram exhibits two cathodic peaks C1 and
C0 (�0.42 V vs. SCE). In the second cycle, a new peak (A0) appears
with an Ep value of �0.34 V versus SCE. This new peak is related to
the electrooxidation of intermediate 5a. Furthermore, it is seen
that, proportional to the augmentation of the potential sweep rate
and in parallel with a decrease in the height of C0, the height of C1

increases. In other words, the variation of peak current ratios
ðIC1

p =IA1
p Þ and ðICo

p =IC1
p Þ versus scan rate for a mixture of 1a and

DIPEDA confirms the reactivity of 2a towards DIPEDA, appearing
as an increase in the ðIC1

p =IA1
p Þ ratio and a decrease in the ðICo

p =IC1
p Þ

ratio at higher scan rates.
Constant-current coulometry was performed in an aqueous

solution containing 0.25 mmol of 1a and 0.25 mmol of DIPEDA in
an undivided cell, under a low constant-current density (1 mA/
cm2).21 Monitoring of the electrolysis progress was carried out
by cyclic voltammetry. It is shown that, proportional to the
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Scheme 2. a: R@H, b: R@CH3, c: R@OCH3.
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Scheme 1. The overall reaction: a: R@H, b: R@CH3, c: R@OCH3.

Figure 1. CVs of (a) 1a (1.0 mM) and (b) first and second cycles of 1a (1.0 mM) in
the presence of DIPEDA (1.0 mM) at a glassy carbon electrode in PBS. Scan rate:
10 mV s�1, T = 25 ± 1 �C.

Figure 2. Variation of peak current IpA1 versus charge consumed during constant-
current coulometry. Scan rate: 50 mV s�1, T = 25 ± 1 �C.
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advancement of the coulometry and in parallel with the decreasing
height of the anodic peak A1, the heights of A0 and C0 increase
(Fig. 2). A characteristic feature of electrolysis is that a low-current
density is required. The current efficiency and yield of product de-
crease on increasing the current density.21

Controlled-potential coulometry, performed in an undivided
cell using the above-mentioned conditions, showed that propor-
tional to the advancement of the coulometry,22 the anodic peak
A1 and its counterpart (C1) decreased and disappeared when the
charge consumption was about 6e� per molecule of 1a. These
observations allow us to propose the ECECE pathway illustrated
in Scheme 1 for the electrooxidation of 1a–c in the presence of
DIPEDA.14

Formation of 2a–c was followed by a 1,4-Michael addition of
DIPEDA to the quinone to produce the adducts 3a–c. These adducts
then undergo abstraction of a second pair of electrons, leading to
quinones 4a–c. Intramolecular addition produces catechol deriva-
tives 5a–c and further oxidation of these compounds led to forma-
tion of the final products 6a–c. Oxidation of the intermediates 3a–c
and 5a–c is easier than oxidation of the parent starting molecules
1a–c by virtue of the presence of the electron rich amine group(s)
on the quinone ring.

Besides, it is possible that the oxidation of 3a–c and 5a–c takes
place through a single electron transfer (SET) reaction (Scheme 2,
Eqs. 6 and 7).

According to our results, the anodic peaks of the voltammo-
grams presented in Figure 1 (A1 and A0) are related to the oxidation
of 1a and 1,4-diisopropyl-1,2,3,4-tetrahydroquinoxaline-6,7-diol
(5a) to 2a and 1,4-diisopropyl-1,2,3,4-tetrahydroquinoxaline-6,7-
dione (6a), respectively. Obviously, the cathodic peaks C1 and C0

shown in Figure 1 can also correspond to the reduction of 2a and
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6a, respectively. Due to the fast intramolecular Michael addition
reaction (Scheme 1, Eq. 4), the anodic and cathodic counterpart
peak for the oxidation of 3a–c were not observed.

Electrooxidation of 3-methylcatechol (1b) or 3-methoxycate-
chol (1c) in the presence of DIPEDA in PBS occurs in a manner sim-
ilar to that of 1a.

3. Electrochemical study of 3,4-dihydroxybenzoic acid (1d) in
the presence of DIPEDA

In order to study the effects of different groups on the reactive
sites of the catechol ring, the electrochemical oxidation of 1d was
studied in the presence of DIPEDA. Voltammetry and coulometry
data were the same as in the previous cases.20 According to the
obtained electrochemical data, along with the spectroscopic data
of the final product, an ECECE mechanism is proposed along with
an electro-decarboxylation reaction of 1d in the presence of
DIPEDA.

Cyclic voltammetry and controlled-potential coulometry were
performed using an Auto lab model PGSTAT 20 potentiostat/galva-
nostat. A glassy carbon electrode (GCE) of 1.8 mm2 was used as the
working electrode and a stainless steel wire was used as the coun-
ter electrode. The working electrode used in the controlled-poten-
tial coulometry and macroscale electrolysis was an assembly of
four graphite rods (31 cm2, from KIGCO, Mashhad, Iran), placed
as single rods at the edges of a square at a distance of 3 cm apart,
and a large stainless steel gauze cylinder (25 cm2 area) constituted
the counter electrode. The working electrode potential was mea-
sured versus SCE (all electrodes from Azar Electrode).

4. Electrochemical synthesis of 6a

A PBS (80 mL) solution containing 1a (1.0 mmol) and DIPEDA
(1.0 mmol) was electrolyzed in an undivided cell equipped with
a graphite anode (an assembly of four rods, 6 mm in diameter
and 6 cm in length) and a large stainless steel gauze cathode at
25 �C under a constant-current density of 1 mA/cm2. The quantity
of electricity passed was determined using the exponential curve
and related equation in Figure 2. The process was interrupted sev-
eral times during the electrolysis13 and the graphite anode was
washed in acetone in order to reactivate it. At the end of electrol-
ysis (20 h), the product was extracted with CH2Cl2 (2 � 25 mL) and
the solvent evaporated. The product 6a was purified by recrystal-
ization from an-hexane/acetone mixture (20:80) and characterized
by IR, 1H NMR, 13C NMR and MS. The residue did not dissolve in
any solvent which could be attributed to the formation of oligo-
mers or polymers of catechols.

The same method as above was applied for the synthesis of
6b–c.

5. Chemical synthesis of 6a

To a stirred PBS (50 mL) solution DIPEDA (1.0 mM) and
K3FeCN6

23 (6.0 mM) were added. A solution of 1a (1 mmol) dis-
solved in PBS (10 mL) was added dropwise over 15 min during
which time the solution became dark, and a solid precipitated.
After 24 h, the mixture was filtered and the filtrate was extracted
with CH2Cl2 (2 � 25 mL). The combined organics were dried and
evaporated, and the resulting brown precipitate was crystallized
from n-hexane/acetone mixture (20:80) and characterized by IR,
1H NMR, 13C NMR and MS. The residue did not dissolve in any sol-
vent which could be attributed to the formation of oligomers or
polymers of catechols.

The same method as above was applied for the synthesis of
6b–c (Supplementary data).
6. 1,4-Diisopropyl-1,2,3,4-tetrahydroquinoxaline-6,7-dione
(C14H20N2O2, 6a)

Isolated yields 33% (electrochemical) and 28% (chemical synthe-
sis), mp = 182–183 �C, IR(KBr): 2974, 1598, 1526, 1463, 1444, 1370,
1299, 1102, 782 and 557 cm�1. 1H NMR, d ppm (90 MHz CDCl3):
1.16 (d, J = 5 Hz, 12H isopropyl), 3.28 (s, 4H methylene), 4.0 (m,
2H isopropyl), 5.50 (s, 2H quinone). 13C NMR, d ppm (22.5 MHz
CDCl3): 18.8, 39.1, 49.8, 98.6, 149.8, 179.3. MS: m/e (relative inten-
sity): 250 (M+2H)11 (40), 220 (55), 207 (48), 163 (100), 136 (35), 41
(26), 27 (16).

7. 1,4-Diisopropyl-5-methyl-1,2,3,4-tetrahydroquinoxaline-6,7-
dione (C15H22N2O2, 6b)

Isolated yields 25% (electrochemical) and 20% (chemical synthe-
sis), mp = 112–113 �C, IR(KBr): 2926, 1586, 1522, 1353, 1313, 1178,
1083 and 732 cm�1. 1H NMR, d ppm (90 MHz CDCl3): 1.03 (d,
J = 5 Hz, 6H isopropyl), 1.17 (d, J = 5 Hz, 6H isopropyl), 1.90 (s, 3H
methyl), 3.23 (t, J = 7 Hz, 4H methylene), 3.99 (m, 1H isopropyl),
4.77 (m, 1H isopropyl), 5.39 (s, 1H quinone). 13C NMR, d ppm
(22.5 MHz CDCl3): 7.8, 20.5, 39.1, 51.5, 78.5, 157.5, 168, 180. MS:
m/e (relative intensity): 264 (M+2H) (10), 221 (17), 124 (93), 78
(100), 77 (48), 51 (32), 39 (40), 27 (26).

8. 1,4-Diisopropyl-5-methoxy-1,2,3,4-tetrahydroquinoxaline-
6,7-dione (C15H22N2O3, 6c)

Isolated yields 40% (electrochemical) and 35% (chemical synthe-
sis), mp = 177–178 �C (dec), IR(KBr): 3415, 2924, 2852, 1604, 1520,
1439, 1360, 1090, 753 and 605 cm�1. 1H NMR, d ppm (90 MHz
CDCl3): 1.23 (d, J = 5 Hz, 12H isopropyl), 3.24 (s, 4H methylene),
3.68 (s, 3H methyl), 4.03 (m, 1H isopropyl), 4.70 (s, 1H isopropyl),
5.36 (s, 1H quinone). 13C NMR, d ppm (22.5 MHz CDCl3): 19.07,
20.4, 39.1, 39.3, 50.2, 52.4, 60.1, 94.6, 142, 176, 178. MS: m/e (rel-
ative intensity): 280 (M+2H) (80), 265 (75), 237 (100), 191 (78),
163 (77), 149 (30).
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