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Introduction  

The interaction of ketones of various structures with hydrogen acids is known as 
Schmidt's rearrangement. This reaction is widely used in organic synthesis [1] to produce a 
variety of amides, including isomers [2, 3], as well as analogues of natural products [4, 5]. How-
ever, its application to the rearrangement of ketones containing an isoindole-1,3-dione or 
phthalonitrile fragment is not described in the scientific literature. It is known that various sub-
stituted isoindole-1,3-diones or phthalimides can be used as drugs (thalidomide being the best 
known among them [6]), inhibitors of certain enzymes used for the treatment of various forms 
of cancer [7-9]. In addition, the use of these compounds to treat Alzheimer's disease [10] and 
various forms of depression [11] and the use as anti-inflammatory agents [12] are also known. 
In order to summarize the above, it can be concluded that nitrogen-containing heterocyclic 
systems of different structures still attract the attention of chemists [13-16]. 

The purpose of the study is development of the method for the synthesis of substituted 
amides containing the isoindole-1,3-dione fragment using Schmidt rearrangement in the pres-
ence of sulfuric acid and study the properties of the synthesized compounds. Earlier, we devel-
oped a method for the synthesis of similar amides using polyphosphoric acid (PPA) [17]. In 
terms of economics, replacing PPA with sulfuric acid is technologically more attractive as it 
reduces the cost of the target products. 
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Main body  

For Schmidt rearrangement, ketones of different structures and sodium azide are often 
used in the presence of Bransted or Lewis acids [18], which sometimes act as solvents [1, 19] 
and promoters. In order to achieve our purpose, we proposed to use the previously synthesized 
5-nitro-4-phenacylphthalonitriles [20] in the Schmidt reaction. The interaction of substrate 
1 (a-c) with twice the excess sodium azide in the presence of 80% H2SO4 was conducted at 
90-100 °C for 3.5-5 hours. The non-selective Schmidt rearrangement of the carbonyl group and 
hydrolysis of two cyanogroups of 5-nitro-4-phenacylphthalonitriles to the corresponding iso-
indole-1,3-dions were proceeded simultaneously (so called one-pot reaction) (see Scheme be-
low). 
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1 - 4: a – R=C6H5; b – R=4-MeC6H4; c – R=4-MeOC6H4 

We found that when sulfuric acid was used as solvent, as in the reaction with PPA, a mix-
ture of isomeric products 2 (a, b) and 3 (a, b) was formed. For substrate 1c (R=4-MeOC6H4) 
the dominant formation of amide 3c (over 95%) was observed. Varying the reaction tempera-
ture had no significant effect on the isomer ratio (determined from the characteristic signals of 
the amide protons in the 1H NMR spectra). In addition, it should be noted that further hydrol-
ysis of the isoindole-1,3-diones occurs when the reaction temperature rises above 100 °C, lead-
ing to the formation of dicarboxylic acids in yields up to 15%. Earlier we showed, that upon 
prolonged heating of 5-nitro-4-phenacylphthalonitrile 1 (a-c) in sulfuric acid hydrolysis of cy-
anogroups proceeds with formation of corresponding dicarboxylic acids [21]. 

In general, the reaction considered can be divided into two: the first one is the hydrolysis 
of the cyanogroups of 5-nitro-4-phenacylphthalonitriles to the corresponding isoindole-1,3-di-
ons; the second one is the Schmidt rearrangement of the resulting isoindole-1,3-dions under 
reaction conditions. It was found that the hydrolysis of cyanogroups is a slower step, so the 
above conditions were the most appropriate for the one-pot reaction. 

The separation of the mixture of isomeric amides 2 and 3 was quite difficult. Nevertheless, 
after reduction of the above products by tin chloride according to the previously described pro-
cedure [20] the formation of amines 4 (a, b) and pyrrolo[3,4-f]indole-2,5,7(1H,3H,6H)-trion 5 
was observed. Thus, these compounds could be readily separated by recrystallization from al-
cohol, as structure 5 was slightly soluble in it. The formation of pyrroloindole 5 during the re-
duction of amides 3 (a-c) can probably be explained by the fact that the reaction involves intra-
molecular transamination followed by the elimination of the aromatic amine. 
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The structure of synthesized compounds 2, 3 and 4 was confirmed by NMR spectroscopy 
and mass spectrometry data and agreed with similar compounds synthesized by the 
method [17], the yields of these products also slightly differ from those obtained earlier. 

Pyrrolo[3,4-f]indole-2,5,7-trion 5 was of most interest as a potential building-block for 
the creation of BAS, so its chemical properties were investigated using aldol-croton condensa-
tion with aromatic aldehydes under acid catalysis. The interaction of pyrroloindole 5 with com-
pounds 6 (a, b) was conducted in alcohol in the presence of catalytic amounts of methanesul-
fonic acid at 60-80 °C for 2.5-3.5 hours (see Scheme below). The reaction under study resulted 
by the formation of 3-substituted 1,3-dihydropyrrolo[3,4-f]indole-2,5,7-trions 7 (a, b) as major 
products which, according to 1H NMR spectroscopy, represented a mixture of E/Z isomers in 
the ratio 1:2. 
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The structure of all the synthesized compounds was confirmed by combined NMR and 
mass spectrometry data. During the reduction of compounds 3 (a-c), the formation of pyr-
roloindoltrion 5 was observed in all cases with characteristic NH-proton signals in the region 
of 10.94 ppm and 11.09 ppm. Precise correlation of E/Z isomers of structures 7 (a, b) was also 
made using the NOESY spectrum of compound 7a (Fig. 1). For both isomers a cross-peak of 
1-NH/8-H protons is observed, and for the E-isomer an additional cross-peak of 4-H/2'6'-H 
protons is observed. By literature review, such reactions often proceeded regioselectively to 
form a single Z-isomer [22, 23] or an E-isomer [24]. 

 
Fig. 1. Fragment of the NOESY spectrum of compound 7a 
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As a result of the study a method for the synthesis of substituted amides containing the 
isoindole-1,3-dione fragment using Schmidt rearrangement in the presence of sulfuric acid was 
developed and the properties of the synthesized compounds were studied. 

Experimental part 

IR spectra were recorded on a PerkinElmer Fourier RX-1 with a wavelength of 
700-4000 cm-1. The substances under analysis were in the form of a suspension in petrolatum 
liquidum.  

NMR spectra were registered on the apparatus Bruker DRX-400 or Bruker DRX-500 for 
solutions in DMSO-d6 at 30 °C. Solvent residual proton signals in 1H NMR (δH= 2.50 ppm) or 
in 13C (δC 39.5 ppm) were the reference for the chemical shift readout, tetramethylsilane signal 
was used as the marker.  

Mass spectra were recorded using a FINNIGAN MAT.INCOS 50 chromato-mass spec-
trometer and a KratorMS-30 high-resolution mass spectrometer (England) at 70 eV ionization 
voltage and 100-220 °C temperature in the ionization chamber (N. D. Zelinsky Institute of Or-
ganic Chemistry Russian Academy of Sciences, Moscow).  

Elemental analysis was conducted in the analytical laboratory of INEOS RAS 
(A.N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences, 
Moscow) on a PerkinElmer 2400.  

The melting point was determined by Büchi M-560 melting point and boiling point ap-
paratus.  

 
Methodology for the synthesis of compounds 2 (a, b) and 3 (a-c) 
To the solution of 1 mmol of 5-nitro-4-phenacylphthalonitrile 1 (a-c) in 3 ml of 80% 

H2SO4 was added 2 mmol NaN3 in portions, the reaction mixture was stirred for 3.5-5 h at 
90-100 °C. The reaction was monitored by Thin-Layer Chromatography (TLC) until the disap-
pearing of stain of the starting component. After the reaction was completed, the mixture was 
cooled down to room temperature. The reaction mixture was separated into ice and the precip-
itate of product mixture 2 (a, b) and 3 (a-c) was filtered off. 

Methodology for the synthesis of 1,3-dihydropyrrolo[3,4-f]indole-2,5,7(6H)-trion 5 
To the solution of 3 mmol SnCl2 in 2 ml of concentrated HCl and 2 ml EtOH was added 

a mixture of 0.5 mmol of compounds 2/3, the reaction mixture was stirred for 1-2 hours at 
40-50 °C. The precipitate was filtered off on cooling. Then it was heated in 2-3 ml of alcohol 
until the boiling. The undissolved product was filtered off from the hot solution and compound 
5 was obtained. Yield 67%, Тm 298–300 °C. Mass-spectrum, ν/sm–1: 3237 (NH), 1770, 1725, 
1706 (C=O), 1615 (Ar). Mass-spectrum (electron-impact (EI), 70 eV), m/z (Iratio (%)): 202 
[M]+ (38), 173 (19), 155 (12). NMR Spectrum 1Н (DMSO-d6, δ, ppm, J/Hz): 3.65 (s, 2H, 3-CH2); 
7.08 (s, 1H, 8-H); 7.62 (s, 1H, 4-H); 10.94 (s, 1H, 1-NH); 11.09 (br. s, 1H, 6-NH). NMR Spec-
trum 13C (DMSO-d6, δ, ppm): 35.95, 102.81, 119.11, 125.37, 132.14, 133.30, 149.19, 168.98, 
169.24, 176.08. Found (%): C, 59.18; H, 2.97; N, 13.82. C10H6N2O3. Calculated, (%): C, 59.41; H, 
2.99; N, 13.86. 
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Methodology for the synthesis of compounds 7 (a, b) 
To the solution of 1 mmol of compound 5 in alcohol was added 1.5 mmol of aldehyde 

6 (a, b) and 0.1 mmol of methanesulfonic acid, the reaction mixture was stirred at 60-80 °C for 
2.5-3.5 hours. The precipitate of the compounds 7 (a, b) was filtered off on cooling.  

(E)-3-(4-chlorobenzylidene)-1,3-[dihydropyrrolo] 3,4-f]indole -2,5,7(6H)-trion 7a:  
NMR 1Н (DMSO-d6, δ, ppm, J/Hz): 7.07 (s, 1H, 8-H), 7.54 (d, 2H, 3’-H, 5’-H, J=8.1), 8.17 (s, 
1H, 4-H), 8.19 (s, 1H, =CH), 8.43 (d, 2H, 2’-H, 6’-H, J=8.1), 11.08 (br. s, 1H, 8-NH), 11.18 (br. 
s, 1H, 1-NH). 

(Z)-3-(4-)chlorobenzylidene-1,3-[dihydropyrrolo] 3,4-f]indole - 2,5,7(6H)- trion 7a:  
NMR 1Н (DMSO-d6, δ, ppm, J/Hz): 7.11 (s, 1H, 8-H), 7.62 (d, 2H, 3’-H, 5’-H, J=8.1), 7.63 (s, 
1H, =CH), 7.74 (d, 2H, 2’-H, 6’-H, J=8.1), 7.81 (s, 1H, 4-H), 11.12 (br. s, 1H, 8-NH), 11.18 (br. 
s, 1H, 1-NH). 

Yield 83%, melting temperature (Tm) 387-388 °C. Mass-spectrum (EI, 70 eV), m/z (Iratio 
(%)): 326 [M]+ (32), 324 [M]+ (100), 225 (39), 213 (54), 190 (18), 163 (23), 109 (18), 44 (33). 

(E)-3-(4-methoxybenzylidene)-1,3-dihydropyrrolo[3,4-f]indole-2,5,7(6H)-trion 7b:  
NMR 1Н (DMSO-d6, δ, ppm, J/Hz): 3.88 (s, 3H, OMe), 7.09 (s, 1H, H-8), 7.15 (d, 2H, 3’-H, 5’-
H, J=8.5), 7.78 (d, 2H, 2’-H, 6’-H, J=8.5), 7.88 (s, 1H, =CH), 8.24 (cs 1H, H-4), 11.10 (s, 1H, 8-
NH), 11.18 (s, 1H, 1-NH). 

(Z)-3-(4-methoxybenzylidene)-1,3-dihydropyrrolo[3,4-f]indole-2,5,7(6H)-trion 7b:  
NMR 1Н (DMSO-d6, δ, ppm, J/Hz): 3.87 (s, 3H, OMe), 7.10 (s, 1H, H-8), 7.14 (d, 2H, 3’-H, 5’-
H, J=8.5), 7.16 (s, 1H, =CH), 7.78 (d, 2H, 2’-H, 6’-H, J=8.5), 7.90 (s, 1H, H-4), 11.18 (s, 1H, 8-
NH), 11.20 (s, 1H, 1-NH), 

Yeild 76%, Тm 393-394 °C. Mass-spectrum (EI, 70 eV), m/z (Iratio (%)): 320 [M]+ (100), 
289 (15), 213 (48), 107 (18), 44 (33). 
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