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The reaction between o-phenylenediamine and its 4-chioro- and 3,5-dichloro- 
derivatives and 4-substituted ~-bromoacetophenones gives 1,2-dihydroquinoxalines. 
It has been found that the preferred course of the reaction under basic catalytic 
conditions involves the more basic of the amino groups of the diamine in condensation 
with the keto group. Anomalies have been found in thespectral-luminescent prop- 

~'erties of "the dihydroquinoxalines, owing to specific interactions with protic 
solvents. 

1,2-Dihydroquinoxalines comprise a little-known group of compounds, probably owing to 
their high tendency to undergo oxidation [I]. The synthesis of a number of aryl derivatives 
of this heterocycle has been described [4-6], and the spectral and chemical properties of 
some compounds have been reported [2]. 

The object of the present study was to synthesize and examine some 3-aryl-l,2-dihydro- 
quinoxalines. The compounds were obtained by reacting o-phenylenediamine and its 4-chloro- and 
3,5-dichloro-derivatives with p-substituted ~-bromoacetophenones in methanol, with anhydrous 
sodium acetate as catalyst, in an inert gas medium provided by CO 2 or methane. 
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The compounds obtained (V-IX) were identified by IR, PMR, and UV spectroscopy, and by 
elemental analysis (Tables 1 and 2). The ~C= N values were little influenced by the substit- 
uents R 2 introduced into the aromatic ring, exceptions being (Vh-IXh) as a result of the 
considerable electron-acceptor influence of the nitro group. In the PMR spectra, singlets 
for the CHz protons, a broadened signal for the imino group, and signals for the 6-, 7-, 
and 8-protons of the annelated aromatic ring are readily identified. The UV absorption 
spectra of the dihydroquinoxalines (V-IX) are typical of compounds the basic chromophoric 
system of which is the fragment o-N-C6H~-N=C-CsH~R [7], characterized by the presence in 
the near [IV of three of four clearly apparent bands, the intensities of which decrease 
regularly as the wavelength increases. 

Compounds (V-IX) are oxidized to the quinoxalines extremely rapidly, especially in 
solution. This tendency to aromatization is in some cases so pronounced that, for instance, 
the sole products of the reaction of the diamines (II) and (III) with ~-bromoacetophenone 
(IVa) are the quinoxalines. For this reason, the dihydroquinoxalines were stored in sealed 
ampuls under C02, and the preparation of these compounds for study was preferably carried 

A. Mo Gor'kii Kharkov State University, Khar'kov 310077. 
Geterotsiklicheskikh Soedinenii, No. 8, pp. 1127-1132, August, 
submitted April 23, 1985. 

Translated from Khimiya 
1986. Original article 

918 0009-3122/86/2208-0918512.50 @ 1987 Plenum Publishing Corporation 



T
A
B
L
E
 

I.
 

3
-
A
r
y
l
-
l
,
2
-
d
l
h
y
d
r
o
q
u
i
n
o
x
a
l
i
n
e
s
 

(
V
-
I
X
)
 

Co
mp

ou
nd

 

~
a
 

V
b
 

V
 C 

vd
 

v
e
 

v
f
 

v
g
 

X
h
 

\'
l 
b 

{6
r,)

 
\.'

11
b 

14
0)

 
V

IC
 (

6{
 ~)

 
V

II
 c 

Ih
~)

 
v

ie
 

(6
0)

 
V

il
e

 
(4

o)
 

V
I 

g 
(6

5)
 

V
II

R
 

13
5)

 
V

lh
 (

55
1 

V
[I

h 
(4

5t
 

V
II

Ib
, 

IX
b 

V
ll

lC
# 

IX
c 

V
il

le
 

(1
00

) 
IX

e
 {

0)
 

\'
li

ft
 0

56
) 

IX
 f

(3
4

) 
V

ll
lh

 (
63

) 
IX

h 
(3

7)
 

fir
 sp

eC
tr

um
, 
cm

- 
1 

T
ra

p,
 
~ 

I V
II

~
N

 
V

,N
 

II
 

12
1 

t2
2 

d 
12

5-
 

12
7 

13
8-

- 
13

sd
 

14
7 

14
9 

12
3-

-1
24

 
13

7-
-1

38
 

13
9-

-1
41

d 
16

3 
--
 1
65

d 

11
4-

-1
16

 

10
9-

- 
I.I

 I 

I
f
!
 

6 
Va

lu
es

, 
pp

m
b,

c 
(i

n 
Cd

Cl
a)

 

:.' 
C

!I
 

" 
11

 
7"

r|
l 

~'
:1

 

8 
I-

-8
3(

de
c0

11
p.

 : 

10
4 

.-
 1

06
 ; 

13
2-

-1
34

 
12

6-
-1

28
 

11
8-

-1
20

 
89

, (
de

c0
mP

.)
 

14
0-

-1
42

 

17
2-

-1
74

 

16
15

 
16

t)8
 

16
06

 
I (

io
6 

16
12

 
I (

i11
6 

16
06

 
15

98
 

! 6
O

6 

! 6
O

6 

16
(;
6 

16
06

 

15
96

 

16
O 

I 
16

O6
 

16
O

6 

16
16

 

15
96

 

33
76

 
3,

9o
 

33
81

 
3,
9o
 

33
55

 
3,

93
 

33
85

 
3.

9 
I 

3:
17

1 
3.

92
 

33
53

 
3.

86
 

33
77

 
3,
88
 

33
61

 
3,

97
 

31
03

 
3,

9~
 

33
83

 
3,

96
 

33
63

 
3.

97
 

33
79

 
3,

96
 

33
91

 
4,

05
 

33
27

 
4.

03
 

34
09

 
4,

05
 

34
25

 
4.

0Y
 

34
(1

7 
4,

(~
0 

34
05

 
3,

99
 

4A
7 

4,
:l
q 

4.
4q
 

4.
28

 
4.
51
 

4.
4,
1 

4 
,.
lJ
l 

4,
46

 
4,

46
 

4,
46

 
4,

33
 

4.
35

 
4.

48
 

4,
48

 
4,

43
 

4,
43

 
4.

51
 

4.
51

 

4.
42

 

4.
32

 
4.

4l
 

4.
50

 
4,

62
 

6,
73

m
 

6.
72

m
 

6.
~2

m
 

6.
8!

 m
 

6.
79

 m
 

6.
75

m
 

6,
75

m
 

6.
75

m
 

6.
73

m 
6.

73
q 

6.
82

q 

6.
74

 q
 

6,
74

q 

6.
76

q 

6.
74

d 
, 

6.
76

d 
i 

6,
go

dl
 

6,
97

N
 

6.
96

n 
7,

08
g 

7.
ll5

1 
7,

ll 
I 

7,
01

u 
7,

00
u 

7,
00

 r,
 

6,
98

r 

6,
93

r 

6,
99

r 

7,
00

 c, 

7,
04

q 

7,
04

 d
 a

 

6,
58

q 
6,

49
q 

6,
61

 q
 

6.
53

q 
6.

60
q 

6,
59

q 
6.

52
q 

6.
56

q 
6_

55
d 

fi 
,5O

Cl
 

ti+
47

a 
6,

47
d 

6,
54

d 
6,

49
d 

6,
54

d 
6,

50
d 

6.
57

d 
6,

52
d,

 

6,
68

 d
 

6,
33

 d
 

6,
44

d 

F
ou

nd
, 

13
.5

 
12

.5
 

1 i
.8

 
11

.2
 

9.
9 

11
.6

 
9.

7 
16

.7
 

I 1
,0

 

10
,4

 

8.
7 

8.
8 

14
.7

 
9.

7 
8.

7 
8,

0 

8.
9 

12
.9

 

f•p
iric

al 
o

r~
la

 

C
N

H
,~

N
2 

C,
sH
I4
N2
 

CI
sH

NN
~)

 
Ci

dl
i6

Ns
O 

C~
0H

 1
6N
~ 

C
.H

.C
IN

2
 

C
.H

.B
rN

2
 

C
t4

H
.N

30
2 

C
Is

H
I~

C
IN

2 

C
FJ

t j
3C

IN
20

 

C
~o

ll ~
5C

IN
2 

C
I4

H
 io

B
rC

IN
2 

Q
4H

Io
C

IN
aO

2 

C
,s

tll
2C

I~
N

2 
C

Is
H

,~
C

I2
N

20
 

Q
~H

~4
C

h,
 N

2 

C
I4

tlm
C

la
N

2 

C
H

H
ao

C
I2

N
30

~ 

C
al

cu
- 

la
te

d,
 

Nt
% 

13
.5

 
12

.6
 

I 1
.8

 
11

.2
 

9.
9 

I 1
.5

 
9.

8 
lf

i.6
 

Y
ie

ld
, 

%
 

55
 

66
 

66
 

7(
i 

81
 

91
 

I 0
,9

 
52

 

10
,3

 
55

 

8,
8 

65
 

8,
7 

6'.
~ 

1 |
,6

 
81

 

9,
6 

40
 

8,
7 

48
 

7,
9 

58
 

9.
0 

6d
 

12
,8

 
74

 

aT
h

e 
fi

g
u

re
 

in
 

b
ra

ck
et

s 
in

d
ic

at
es

 
th

e 
am

o
u

n
t 

o
f 

th
e 

is
o

m
er

 
in

m
ix

tu
re

s 
o

f 
(V

I)
 

w
it

h
 

(V
II

I)
 

an
d

 (
V

II
) 

w
it

h
 

(I
X

),
 

Z
. 

b
T

y
p

e 
o

f 
sp

ec
tr

u
m

: 
d 

- 
d

o
u

b
le

t 
(d

 1
 

w
it

h
 

J 
= 

2 
H

z.
, 

d 
2 

w
it

h
 

J 
= 

8 
H

z)
, 

m
 -

 
se

x
te

t,
 

cS
ig

n
al

s 
id

en
ti

- 
fi

ed
, 

5
-H

, 
5 

= 
7

.3
7

 
q 

(V
c)

, 
7

.2
7

 
q 

(V
h

),
 

an
d

 
7

.2
8

 
d

l 
(V

II
).

 
d

A
cc

o
rd

in
g

 
to

 
[2

],
 

m
p 

(V
a)

 
1

4
1

-1
4

2
~

 
(V

c)
 

1
3

8
-1

3
9

~
 

(V
g

) 
1

3
8

-1
3

9
~

 
(V

h
) 

1
4

4
-1

4
6

~
 

M
~ 



TABLE 2 .  

Cospound 

Absorption and Luminescence Spectra of (V)-(IX) 

labSmax' ra (E -'I0 "3) , nm (Stokes .hilt, era. ) 

in methanol in metN--I in toluene 

V a 
Vb 
Vc 
Vd 
Ve 
Vf 
vg 
Vha 

VIb, VIIb 
VIe, VIle 
Vie, Vile 
VIR, VIIg 
VIh,VI I ha 
VIIIb, IXb 
VIIIc. IXc 
VIIIe, IXe 
VllIf, IXf _ 
VIIIh IX h a 

392 (3,6), 292 D1.,258 (19.8) 
389 (4,7), 292p1'., 267 (23,6) 
388 (6,1), 297 (13,9), 277 (20,8) 
388 (6,5), 306 (15,4), 279 (22,2) 
427 (8,6), 301 (22,9), 259 (26,8) 
405 (4,5), 294~1., 265 (24,0) 
405 (4.9), 296"(10.3), 270 (26,0) 
448 (4,9), 304 (11,2), 282 (17,0) 
391 (4,7), 304 (8,4). 270 (23,0) 
39o (6,2), 308 (14,7), 286 (27,2) 
406 (5,9L 309 (21,4). 286 (27,2) 
406 (4,1), 307p1.~268 (26,7) 
455 (4.7), 305 (10,8). 286 (19,7) 
392 (6,6), 305 (9.4), 274 (24,2) 
385 (9,2), 312 (14,5). 286 (22.0) 

i398 (7,5), 312 (21.5), 287 (27.8) 
1410 (3,9), 302 (8,7), 265 (23,7) 
438 (3,3), 344 (7,6), 286 (16,0) 

60r (8870) 
593 (8840) 
466 (4300) 
494 (5530) 
467 (2000) 
606 (8200) 
617 (8500) 

573 
475 
473 
596 

(8100) 
(4600) 
(35O0) 
(7850) 

559 (7600) 
485 (5300) 
489 (4700) 
600 (7700) 

514 (606o) 
5o9 (6130) 
539 (7420) 
5t3 (6480) 
530 (6130) 
529 (6100) 
547 (6720) 

510 
485 
543 
550 

(5580) 
(5090) 
(6270) 
(6510) 

503 (5500) 
546 (7460) 
525 (6140) 
532 (5530) 

aDid not fluoresce. 

out in an inert atmosphere. Even under these conditions, however, it was not possible to 
obtain the PMR specta of (VllIb), (IXb), (VIIlc), or (IXc) (Table I). 

According to the literature [5], the introduction of substituents R 2 has little effect 
on the rates of either step (substitution and condensation) in the formation of dihydroquinox = 
alines. In fact, under the same synthetic conditions (concentrations of reactant and 
catalyst, temperature, and reaction time) the variation of yields of the dihydroquinoxalines 
is slight. Nevertheless, there is a tendency for the reaction rate to increase asthe elec- 
tron-acceptor properties of R 2 are increased~ For example, (Vh) is obtained in a yield of 
91% after 10-15 min. Introduction of chlorine atoms into the o-phenylenediamine molecule 
reduces the reaction rate and the yields of the products (VI-IX). This is in accordance 
with a report [8] of the influence of substituents on the rate of bimolecular substitution. 

It is noteworthy that in the reaction of substituted ~-bromoacetophenones with 4-chloro- 
and 3,5-dichloro-l,2-diaminobenzenes, two isomeric products could be formed: 7- or 6- 
chloro- and 5,7- or 6,8-dichloro-3-aryl-l,2-dihydroquinoxalines (VI-IX). It will be seen from 
Tables i and 2 that substituents R and R l have little influence on the IR and UV spectra of 
dihydroquinoxalines, and it is therefore not possible to use them to locate the positions of 
the chlorine atoms. Checks for the purity of the compounds by TLC were in this instance 
also unreliable in view of the rapid oxidizability of (VI-IX). The isomeric composition 
of the compounds could only be resolved by PMR spectrometry. 

In the PMR spectra, the signal for the proton in the 8-position of the bicycle is shifted 
to higher field than any of the other aromatic protons as a result of the influence of the 
electron-donor imino group, and is readily identified. The signal for this proton consists 
of a doublet with a coupling constant (J) of 2 Hz (meta-constant [9]) for 7-chloro- (VI)and 
8 Hz (ortho-c0nstant [9]) for the 6-chloro isomers (VII); the weak para-interaction with 
the 5-proton of the bicycle was not seen in these spectra. In the PMR spectra of (VIII), 
the doublet for the 8-proton (J = 2 Hz) is retained, whereas in the isomeric compounds (IX) 
this proton is totally absent. As will be seen from Table 1, the chemical shifts of the 6- 
and 7-protons are also highly characteristic, and provide further confirmation of the correct- 
hess of this assignment of the signals to these isomers. The effectiveness of such a 
spectral analysis of the isomeric composition of heterocycles derived from o-phenylenediamine 
has been demonstrated in the case of 2,3-dihydro-IH-l,5-benzodiazepines [i0]~ 

Having obtained the integral spectra of the relevant protons, we estimated the amounts 
of each isomer in the mixtures (VI)-(VII) and (VIII)-(IX) (Table I). It was found that the 
~-bromoacetophenones (IV) react with the diamine (II) to give mixtures of the isomers (VI)- 
(VII) in a ratio of 3:2 (on average), and with diamine (Ill) to give mixtures of (VIII) and 
(IX) (Vlll predominating), or the pure compounds, for instance (Vllle) (for the reasons 
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given above, it was not possible to determine the composition of mixtures (VIIIb)-(IXb) 
and (VIIIc)-(IXc)). The ratios of the isomers (VI) and (VII) indicate that there is little 
difference in the basicities of the amino groups in the diamine (II). Introduction of a 
second halogen atom (diamine III) increases this difference. The results obtained show that 
under basic catalytic conditions, the more basic amino group is preferentially involved in 
the formation of the azomethine bond, i.e., in the condensation reaction. 

These results are in accordance with the findings of, Kano et al. [ii], who examined the 
reactions of a number of substituted o-phenylenediamines, including diamine (II), with 
~-methylsulfinylacetophenone. In this reaction, 6- and 7-chloro-2-phenylquinoxalines (the 
intermediate dihydroquinoxalines were not isolated) were formed in a ratio of 1:3. When 
the 4-methoxy- and 4-nitro-derivatives of the diamine (I) were used in this reaction, only 
one of the possible isomeric phenylquinoxalines was obtained (the 7-methoxy- and 6-nitro- 
2-phenylquinoxaline, respectively), i.e., the more basic amino group is involved in re- 
placement of the methylsulfinyl group. It should be noted that Kano et al. [II] used 
acidic catalysis, and therefore the difference in the course of the reaction of u-methyl- 
sulfinylacetophenone and (IV) with diamines is to be expected in view of the change in 
the acidity of the medium. 

A very important property of the dihydroquinoxalines obtained is their fluorescence 
(with the exception of (Vh-IXh), which contain a nitro-group, Table 2). It has been shown 
[7] by quantum chemical calculations of the electronic spectra of molecules containing the 
N-arylidene-ortho-phenylenediamine chromophore that the long-wavelength absorption band may 
be correlated with the one-electron transition 0 ~ I, localized at this chromophore. This 
transition is accompanied by transfer of electron density from the amino (or imino) group 
to the azomethine bond, as shown by the effects of the substituent R 2, which are seen 
clearly in the experimental spectra of (V)-(IX). Thus, the introduction of electron- 
acceptor groups R 2 (CI, Br, NO 2) favors this transfer. The incorporation of the chromophore 
system into the flattened'dihydroquinoxaline ring also results in the absorption of (V)-(IX) 
being strong as compared with their p, ~-analogs (azirinoquinoxalines and dihydrobenzodia- 
zepines [7]), and in the occurrence of fluorescence. 

In examining the fluoresence and absorption spectra, obtained in methanol solution 
(Table 2), attention is drawn to their differing sensitivity to the electronic character of 
R 2, in consequence of which the Stokes shift varies from anomalously high (-8800 cm -l) to 
extremely low values (2000 cm-Z'f~r (Ve)). When the spectra were obtained in toluene, these 
anomalies were not seen, leading to the conclusion that the spectral behavior of the dihydro- 
quinoxalines in methanol is due to solvation by the solvent. It is known [12] that if the 
excited state of a molecule is considerably more polar than the ground state, then an increase 
in the polarity of the solvent will stabilize the excited state to a greater extent than 
the ground state. Stabilization of the excited state will also facilitate specific inter- 
actions with the protic solvent. 

Stabilization of the excited state in dihydroquinoxalines may occur as follows: 

"'" ~ 2 CCH~ 2 H.'" ~ / R  

R RI N 
H'.. H--OCH 3 

Electron-donor substituents R 2 destabilize form B, resulting in a considerable hypso- 
fluoric effect in the polar solvent, whereas when R 2 is an electron acceptor group, the 
opposite effect operates. Stabilization of structure B is much less in toluene than in 
methanol, and hence the effect of R 2 on fluorescence lmax is largely evened out. 

Worthy of special note is the fact that in carrying out the spectral measurements the 
stability of the quinoxalines to oxidation was very different in toluene and methanol. The 
spectra of (V-IX) in methanol remained virtually unchanged over periods of weeks, whereas 
the measurements in toluene required the prior deoxygenation of the solvent and rapid 
scanning. 
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EXPERIMENTAL 

The IR specta of (V)-(IX) were obtained in KBr disks on a Specord IR-75 spectrometer, 
electronic absorption spectra in methanol and toluene at concentrations of (2-3)'i0 "s mole/ 
liter on a Specord UV-VIS spectrophotometer, and fluorescence spectra in the same solvents 
using an apparatus consisting of the monochromator from an SF-4A spectrophotometer, an 
F~U-38 radiation detector, and a DRSh-500 mercury lamp as light source. The spectra obtained 
were corrected for the spectral sensitivity of the apparatus. The optical density at the 
excitation wavelength was not greater than 0.2. PMR spectra were obtained on Tesla BS- 
2487-B (80) and Varian XL-100 instruments, with TMS as internal standard. 

3-Phenyl-!,2-dihydr0quinoxaline <Va). A mixture of I.i 8 (i0 mole) of o-phenylenedia- 
mine, 2~ g (I0 n~mole) of ~-bromoacetophenone, and 0.83 g (i0 mmole) of sodium acetate in 
50 ml of methanol was boiled under reflux for 2 h, while passing a stream of methane or carbon 
dioxide continuously through the solution. Inorganic salts were then removed by filtration, 
and the filtrate cooled in a chamber filled with carbon dioxide, which was also used to 
filter off the crystals of (Va) which separated, yield 1.14 g (55Z), mp 121-122~ (from 
methanol). 

Dihydroquinoxalines (V)-(IX) were obtained similarly, except that for (Vh)-(IXh) the 
reflux time was shortened to 20 min. 
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