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Reaction of isoindolo[2,1-a]benzimidazoles with maleimides was studied. Obtained adducts were studied with NMR 
1
H,

13
C, and 

COSY spectroscopy techniques, X-Ray. 
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Bruker  400 -
 (CDCl3, DMSO-d6), -

 –  ( ).
. 8- -11H- -

[2,1-a] 3a.
25  3,86  (0,025 ) 4- -1,2-

 4,95  (2- )
(0,025 )  5 . -

 150 °  3 . -
- . -

, ,
.  5,1  (67,7 %), t =288 °C 

5- -8- -11H- [2,1-a] -
5- 4a.
25  2,27  (0,009 ) 5- -8- -
11H- [2,1-a]  2 -

.  140 °C 
 1 . ,

, . -
 3,21  (95 %). 

 2,60  (76 %) 
, t =186 ° .

. 203  (0,5 ) 5-
-8- -11H- [2,1-a] -5-

 1 -

'  10 
0,1  (0,85 ) . -

, , -

. 405  (1 ) 5-
-8- -11H- [2,1-a] -5-

 1 -
 10 

 (1:1)  0,2  (1,7 ) -
. ,

, .
.

5- -8- -11-[3- -1- -2,5-
]-11 - [2,1-a] -5-

6a. 188  (0,5 ) 5- -8-
-11H- [2,1-a] -5- -

 93  (0,5 ) 4- -N-
 10 ,

 0,1  (0,85 ) . -
.

, '  10 ,
.  103  (37 %) t =210 °C ( .). 

5- -8- -11-[4- -1- -2,5- -
] [2,1-a] 6b.

6a '
. -

:  (1:2), -
 Rf=0.5.  43  (19 %) t =237 °C. 

3a
1
H  (400 , DMSO-d6): 5,36 . . ( ., 2 ,

CH2), 7,55-8,5 . . ( ., 7 , Ar-H).
3b

1
H  (400 , CDCl3): 3,88 . . ( ., 3 , OCH3),

5,01 . . ( ., 2 , CH2), 6,91-8,0 . . ( ., 7 , Ar-H). 
3c

1
H  (400 , DMSO-d6): 5,26 . . ( ., 2 ,

CH2), 7,17-8,34 . . ( ., 7 , Ar-H).
4a

1
H  (400 , DMSO-d6): 3,33 . . ( ., 3 ,

OCH3), 4,44 . . ( ., 3 , N-CH3), 5,77 . . ( ., 2 , CH2),
7,79-9,09 . . ( ., 7 , Ar-H).

5a
1
H  (400 , CDCl3): 2.37 . . ( . ., J1=18.2 ,

J2=5.3 , 1H, Hc), 2.8 . . ( . ., J1=18.2 , J2=6,7 , 1 ,
Hc), 2.96 . . ( . ., J1=18.2 , J2=9,5 , 1 , Hd), 3.05 . .
( ., J=21.5 , 1 , Ha), 3.23 . . ( ., J=21.5 , 1 , Ha), 3,26 

. . ( ., J=21.5 , 1 , Hb), 3.4 . . ( ., J=21.5 , 1 , Ha), 
3,55 . . 3.58 . . 3.64 . . 3.68 . . ( ., 3 , N-CH3), 3.73 

. . ( ., J=21.5 , 1 , Hb), 3.95 . . ( ., J=21.5 , 1 , Hb),
4,06 . . ( ., J=8,1 , 1 , He), 4.16 . . ( . ., J1=6.7, J2=9.5 
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, 1 , He), 4,25 . . ( . ., 1 , He), 5.42 . . ( . ., 1 ,
He), 6,79-8,54 . . ( ., 17 , Ar-H).

5b
1
H  (400 , CDCl3): 2.19-2.41 . . ( ., 6 ,

C6H4-CH3), 2,44 . . ( . ., J1=18.2 , J2=5.3 , 1H, Hc),
2,88 . . ( . ., J1=18.2 , J2=6,7 , 1 , Hc), 3,04 . .
( . ., J1=18.2 , J2=9,5 , 1 , Hd), 3,15 . . ( ., J=21.5 

, 1 , Ha), 3,32 . . ( ., J=21.5 , 1 , Ha), 3,36 . . ( ., 
J=21.5 , 1 , Hb), 3.49 ( ., J=21.5 , 1 , Ha), 3.61 . .
3,65 . . 3.74 . . 3.78 . . ( ., 3 , N-CH3), 3,82 . . ( ., 
J=21.5 , 1 , Hb), 4,03 . . ( ., J=21.5 , 1 , Hb), 4,14 ( 
., J=8,1 , 1 , He), 4,25 . . ( . ., J1=6.7, J2=9.5 , 1 ,

He), 4,34 . . ( . ., 1 , He), 5,53 . . ( . ., 1 , He),
6,47-8,59 . . ( ., 17 , Ar-H).

5c
1
H  (400 , DMSO-d6): 2,41 . . ( . .,

J1=18.2 , J2=5.3 , 1H, Hc), 2,92 . . ( . ., J1=18.2 ,
J2=6,7 , 1 , Hc), 3,05 . . ( . ., J1=18.2 , J2=9,5 ,
1 , Hd), 3,18 . . ( ., J=21.5 , 1 , Ha), 3,36 . . ( ., 
J=21.5 , 1 , Ha), 3,41 . . ( ., J=21.5 , 1 , Hb), 3,56 

. . ( ., J=21.5 , 1 , Ha), 3,71-3,89 . . ( ., 9 , N-CH3

OCH3), 4,05 . . ( ., J=21.5 , 1 , Hb), 4,16 . . ( .,
J=8,1 , 1 , He), 4,27 . . ( . ., J1=6.7, J2=9.5 , 1 ,
He), 4,38 . . ( . ., 1 , He), 5,43 . . ( . ., 1 , He),
6,25-8,71 . . ( ., 17 , Ar-H).

6a
1
H  (400 , DMSO-d6,): 1.69 . . ( ., 3 ,

CH3), 2.35 . . ( ., J=18.2 , 1 , CH2), 2.74 . . ( .,
J=18.2 , 1 , CH2), 3,02 . . ( ., 3 , N-CH3), 3,19 . .
( ., 3 , OCH3), 5,13 . . ( ., 1 , CH), 6.57-7.88 . . ( .,
12 , Ar-H).

6b
1
H  (400 , DMSO-d6): 1,30 . . ( ., J=7.3 

, 3 , CH3), 3.72 . . ( ., 3 , N-CH3), 4.26 . . ( . .,
J1=7.3 , J2=2.2, 1H, CH), 7.32 . . ( ., J=7.4 , 2 , N-
Ph), 7.39 . . ( ., J=7.4 , 1 , N-Ph), 7,42 . . ( ., J=2.2 

, 1 , CH), 7,47 . . ( ., J=7.4 , 2 , N-Ph), 7,64-7,77 
. . ( ., 3 , Ar-H), 7,88 . . ( ., J=9 , 1 , Ar-H -

), 8,00 . . ( ., J=8 , 1 , Ar-H), 8,25 . .
( . ., J1=9 , J2=1.9 , 1H, Ar-H ), 8,61 

. . ( ., J=1.9 , 1 , Ar-H ).

7a
1
H  (400 , DMSO-d6): 3,74 . . ( ., 3 , N-

CH3), 3.92 . . ( ., J=2.3 , 2 , CH2 ), 7,31 
. . ( ., J=7.4 , 1 , N-Ph), 7.38 . . ( . ., 1 ,
= ), 7,41 . . ( ., J=7.4 , 2 , N-Ph), 7,48 . . ( ., 

J=7.4 , 2 , N-Ph), 7,65-7,8 . . ( ., 3 , Ar-H), 7.93 . .
( . J=9 , 1 , Ar-H ), 7,99 . . ( ., J=8.2 

, 1 , Ar-H), 8.27 . . ( . ., J1=2.2 , J2=9 , 1 , Ar-H
), 8,62 . . ( ., J=2.2 , 1 , Ar-H -

);
13

C  (DMSO-d6): 32.4 . . (N-CH3), 34.6 
. . (CH2), 112.2 . ., 116,1 . ., 118,9 . ., 127,7 . .,

128,2 . ., 128,9 . ., 129,5 . ., 129,7 . ., 130,1 . ., 
130,3 . ., 131,0 . ., 131,6 . ., 131,9 . ., 133,1 . ., 
134,5 . ., 140,8 . ., 142,2 . ., 143,8 . ., 156,3 . ., 
170,3 . . (C=O), 174.0 . . (C=O).

7b
1
H  (400 , CDCl3): 2.35 . . ( ., 3 , C6H4-

CH3), 3.73 . . ( ., J=2.3 , 2 , CH2 ), 3.75 
. . ( ., 3 , N-CH3), 7.17 . . ( ., J=8.3 , 2 , N-C6H4),

7.24 . . ( ., J=8.3 , 2 , N-C6H4), 7,48 . . ( ., J=9 ,
1 , Ar-H ), 7,55 . . ( . ., 1 , = ),
7,6 – 7,71 . . ( ., 4 , Ar-H), 8,30 . . ( . ., J1=2.2 ,
J2=9 , 1 , Ar-H ), 8,73 . . ( ., J=2.2 ,
1 , Ar-H ).

7c
1
H  (400 , CDCl3): 3.72 . . ( ., J=2.3 ,

2 , CH2 ), 3,74 . . ( ., 3 , N-CH3), 3,79 
. . ( ., 3 , OCH3), 6.95 . . ( ., J=8.9 , 2 , N-C6H4), 

7,21 . . ( ., J=8.9 , 2 , N-C6H4), 7,46 . . ( . J=9 ,
1 , Ar-H ), 7,57 . . ( ., J=2.3 , 1 ,

= ), 7,59-7,73 . . ( ., 4 , Ar-H), 8.29 . . ( . ., 
J1=2.2 , J2=9 , 1 , Ar-H ), 8,72 ( ., 
J=2.2 , 1 , Ar-H ).
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. , -
[2,1-a] ,

8- -11 - [2,1-a] , -
 5- -8- -11 - [2,1-a] -5- ,

7- -11 - [2,1-a] , 6H- -
[2',3':4,5] [2,1-a] ,  11- -6H-

[2',3':4,5] [2,1-a] -11- .
 5- -8- -11 -

[2,1-a] -5- -
, ,

 1- -5- -2-( )-[2'-(1-
R-2,5- )-2'-(1-R-2,5- ) -

]-  (R=Ph, p-C6H4CH3, p-C6H4OCH3). 
 2- -N- -

 - 5-
-8- -11-[3- -1- -2,5- ]-

11 - [2,1-a] -5-
5- -8- -11-[4- -1- -2,5- -
] [2,1-a] .

 3-
(E)-1-[2-(1- -1H- -2- ) ] -1-R-
2,5-  (R=Ph, p-C6H4CH3, p-C6H4OCH3). -

-
.

,  3,4-
, 3,4-

3,4- -

, -
.

[2,1-
] . ,  7,9-

[2,1- ] -
 ( ).

, -
,

1

,
13

, COSY. 
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The catalytic activity in the hydrogen oxidation reaction has been examined for supported Pt–NbOx and Cs
+
/Pt–NbOx catalysts. It has 

been shown that the composite catalysts show higher catalytic activity than traditional catalysts with the same content of supported 
platinum. By XRD, XPS and electron microscopy it has been determined the active surface formation – oxygen deficient oxides NbOx.
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