BISINDOLES.
4.* ELECTROPHILIC SUBSTITUTION IN THE 1H,
6H-INDOLO [7,6-g]INDOLE SERIES

Sh. A. Samsoniya, M. V. Trapaidze, UDC 547.759.3'5.07
L. N. Kurkovskaya, L. G. Tret'yakova,
T.K. Efimova, and N. N. Suvorov

We have previously synthesized the progenitor of a new heterocyclic system 1H, 6H-indolo[7,6-g]indole
@) [2, 3]. In this communication we shall present the results of an investigation of the ability of this compound
to undergo electrophilic substitution reactions in the example cases of acylation and nitrogen-coupling re-
actions.
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Under the conditions described for the synthesis of indole-3-aldehyde [4] by Vilsmeier fomylation, we
observed the formation of a mixture of 3-formyl-1H, 6H-indolo[7, 6-glindole (II) and 3,8-diformyl-1H, 6H-in-
dolo{7, 6-glindole (III) in equal proportions. When a threefold excess of Vilsmeier's complex was used, dial-
dehyde III was obtained with a quantitative yield. 1H, 6H-Indolo[7, 6-g]indole did not react with N,N-dimethyl-
acetamide at 70-100°C, further increase in the temperature caused resinification, and there were no acetyla-
tion products in the reaction mixture. Similar results were obtained in the case of the acétylation of angular
benzindoles under the conditions of the Vilsmeier reaction. This is apparently due to the reduced electrophilic
properties of the complex with N,N-dimethylacetamide, as well as the lowering of the electron density in posi-
tion 3 of the indole ring in the case of condensed systems [5, 6].

The acetylation of 1H, 6H-indolo[7, 6-g]indole by acetic anhydride in glacial acetic acid proceeded with
low yields and produced a mixture of acetylated products. They were separated by column chromatography.
The following were isolated: 3-acetyl-1H, 6H-indolo[7, 6-g]indole (IV), 2~acetyl-1H, 6H-indolo[7, 6-glindole
(V), 2,8-diacetyl-1H, 6H-indolo[7, 6-glindole (VI), and 3,10-diacetyl-1H, 6H-indolo[7, 6-glindole (VII[). The
yield of the monoacetyl derivatives significantly exceeded the yields of the diacetyl derivatives owing to the de~
activation of the aromatic ring by the electron-acceptor substituent [7-10]. The occurrence of acetylation in
the benzene part of the molecule is apparently attributable to the additional activation of the reactive c-naph-
thalene position due to the influence of the pyrrole rings. The orientation we observed, which is somewhat un-
usual for indoles, in the case of the acetylation by acetic anhydride is also displayed in the case of dibenzindole

*For report 3 see [1].
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[L1]. The absence of the formation of the 2-formyl derivative in the case of the reaction with Vilsmeier's com-
plex is apparently due to the great selectivity of this weak electrophile.

The nitrogen coupling of 1H, 6H~indolo[7,6-glindole (I) with various diazo compounds with an ambient pH
equal to 6-8 and a molar ratio between the substrate and the diazonium salts equal to 1:3 resulted in the forma-
tion mainly of the corresponding 3-phenylazo derivatives: 3-phenylazo-1H, 6H-indolo{7,6-g]indole (VIIIa), 3-
(4'-chlorophenylazo)-1H, 6H-indolo[7,6-glindole (VIIIb}, and 3-{4'-nitrophenylazo)-1H, 6H-indolo[7, 6-glindole
(Viilc). In contrast to the acylation reaction, the formation of mainly monosubstitited derivatives in the case
of the nitrogen-coupling reaction is apparently due to the weak electrophilicity of the ArN," ion, which is insuf-
ficient for an interaction with the aromatic system, whose electron density has already been reduced by the in-
troduction of a phenylazo group. The decrease in the electron density in positions 8 and 7 of compounds VIIIa-
VIlic is indicated by the downfield displacement of the signals of the protons in these positions in the PMR
spectra relative to the signals of the corresponding protons in unsubstituted indoloindole I (Tables 1 and 2).

The structure of all the compounds synthesized was proved by investigating their PMR spectra and con-
firmed by the data from elemental analysis, IR spectroscopy, UV spectroscopy, and mass spectrometry.

According to Tables 1 and 2, the introduction of electron-acceptor groups results in deshielding of the
protons in comparison to unsubstituted indoloindole I. Alteration of the position of the substituent {2 or 3)
scarcely alters the overall effect of the change in the electron density in the molecule, but it does result incon-
siderable redistribution of the electron density (compare the shifts of 4H and 5H of compounds IV and V in
Table 1), The introduction of another substituent into the molecule causes a smaller overall change in charge.

The complete assignment of the lines in the PMR spectra of compounds I-VIII (Tables 1 and 2) proved to
be possible owing to the existence of the long-range spin—spin interaction constants Jyy, cy of the transoid
type through five bonds [12] and the difference extents of deuteration of the NH protons due to exchange withthe
D,O found in acetone-d;. The rate of the D exchange is higher, the greater is the acidity of the protons indi-
cated, which depends on the nature and position of the electron-acceptor substituents. The latter also mainly
determines the downfield shift of the signal of the nearest NH group. The deuteration process causes changes
in the multiplicity of the signals of the protons interacting with NH: Singlets (JND, CH ~0) appear on a back-
ground of doublets (Jyg, cH = 0.5 to 3 Hz). Thus, the spectra of some compounds, which require prolonged ac-
cumulation (~ 30 min) because of their limited solubility, show smoothed "triplets” or broadened singlets (Table
2, compounds VIIib and VIIic, 2H).

Compound VII does not show a great tendency to undergo deuteration, as might have been expected on the
basis of the shift of the 1H proton. This is due to the participation of the latter in an intramolecular hydrogen
bond with the carbonyl group COCH; in position 10. The latter, as follows from a comparison of the shifts of
the protons in positions 4, 5, 9, and 10 for 3-formylindoloindole II and 3-acetylindoloindolé 1V (Table 1), is the
most shielded and consequently the most reactive of all the positions in the benzene rings (although, as we know,
a PMR-chemical-shift— electron-density correlation is not observed in the general case)._

In the IR spectra of compounds [i- VIII the characteristic absorption bands of the NH groups are observed
in the 3200-3400-cm™! region, the absorption of the aldehyde C=0 group in compounds II and III is manifested
in the form of broad intense bands in the 1640-1660 cm™ ! region, and the carbonyl groups in compounds IV~ VII
are manifested in the form of a band of low intensity in the 1720-1750-cm~! region and an intense band at 1620-
1660 cm~!. The absorption bands caused by the stretching vibrations of the azo groups have low intensities in
compounds VIIla- VIlIc and appear in the 1400-1429-cm™! region, as in the case of the corresponding azo com-
pounds of indole [13].

The UV spectrum of compound 11, as expected, is less structured than is the spectrum of unsaturated
heterocycle I (Fig. 1). The introduction of a second formy! group (compound IIT) results in even greater smooth~
ing of the vibrational structure and a bathochromic shift of the absorption bands (Fig. 1). In the spectra of com-
pounds VIIla-VIIIc the position of the shortwave maximum remains unchanged in comparison to the spectrum of
the unsubstituted indoloindole: The maxima in the 280-360-nm region also vanish in the case of compounds
VIIIb and ViIlc, and an additiohal absorption band appears at 400-560 nm.

EXPERIMENTAL

The course of the reaction and the purity of the compounds were monitored in Silufol UV-254. The pre-
parative chromatography of compounds II-Villa was carried out on SiO, with particle dimensions equal to 100
to 250 p, and that of compounds VIiib and VIIic was carried out on ALLO4 (second activity grade). The IR spectra
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Fig. 1. Electronic spectra: 1) I;
2) I11; 3) II; 4) VIla.

were recorded on a UR-20 instrument in liquid petrolatum, and the UV spectra were recorded on a Specord
specirophotometer in ethanol. The PMR spectra of compounds I- VIl were recorded on a Varian CFT-20 spec-
trometer, and the infernal reference was TMS. The accuracy of the measurement of the chemical shifts was
£0.02 ppm, and that of the spin—spin coupling constants was +0.1 Hz. The mass spectra were recorded on an
MKh-1303 instrument with a modified system for introducing the sample (direct introduction into the ion source)
and an energy of the ionizing electrons equal to 50 eV. ‘

3- Formyl-1H, 6H-indolo{7, 6-glindole (II). A 0.4-ml portion (4 mmole) of freshly distilled POCl; was
added dropwise at 10-15°C to 1.4 ml (17 mmole) of distilled DMFA. The resulting mixture was given a dropwise
addition of a solution of 0.5 g (2 mmole) of compound I in 5 ml of DMFA at 20-30°C. The mixture was stirred
for 1 h at 38-40°C. A yellow precipitate formed. The reactionmass was poured into ice, a solution of 0.76 gof
NaOH in 4 ml of water was added to pH 6-7, and then 20 ml of water were added, and the mixture was boiled for
3-5 min. The precipitate was filtered, washed to a neutral reaction, and dried. The yield was 0.58 g (929).

The chromatogram (the eluent was ethyl acetate) showed two spots with Rf 0.71 (II) and 0.38 (iIl). The
separation of this mixture into individual compounds was carried out in a column. Compound II was eluted by
a 2:1 benzene—ether mixture. The yield was 15 mg (2.4% relative to the original I). Compound III was eluted
by ethyl acetate. The yield was 15 mg (2.3% relative to the original I). Aldehyde II was recovered in the form
of colorless crystals with mp 282-283°C. IR spectrum: 3420, 3260 (NH), 1640 (C=0), shoulder at 1655 cm~!.
UV spectrum, Amax (log €): 204 (4.16), 233 (4.23), 252 (4.60), 261 (4.78), 282 (4.44), 338 (3.75), 354nm (3.62).
Found: C, 71.4; H, 4.4; N, 11.1%; M 234. The dissociation scheme is as follows (m/e and relative intensity):

-H {CO) (HCN) (HCN)
M+ 234 (100)——233 (27,8)———205 (258)———178 (26,3)———151 (5,3).
m* 232 m* 154,6 m* 128,1
(CO) (HCN) (LICN)
L > 206 (22,0) ——179 (4,7)——— 152 (2.4).

m* 181 4

Calculated for C,;H,,N,0-H,0: C, 7T1.4; H, 4.8; N, 11.1%; M 252. The compound produced a pink color with
Ehrlich’'s reagent at room temperature.

3,8-Diformyl-1H, 6H~indolo[7,6~glindole (). A 3.72-mlportion (0.048 mole) of redistilled DM FA was cooled to
—5°C, and 1.08 ml (0.012 mole) of freshly distilled POCl; were added dropwise. The mixture was stirred at
room temperature for 40 min. The mixture was cooled again to—5°C and slowly given an addition of a solution
of 0.82 g (4 mmole) of compound I in 10 ml of DMFA at a temperature no greater than 0°C. The mixture was
stirred at 40°C for 2 h. A yellow precipitate formed. The laiter was given an addition of 13 ml of ice water,
then transferred to ice (~2 g) with the use of an additional 20 ml of water, and given a dropwise addition of solu~
tion of 3.4 g of NaOH in 9 ml of water. The precipitate was filtered, washed with cold water to a neutral reac-
tion, and dried. The yield was 0.99 g (95%). The product was recrystallized from ethanol with charcoal, the
decomposition temperature was 340°C, and R¢ was 0.38 (ethyl acetate). IR spectrum: 3230 (NH), 1660 (C=0),
shoulder at 1610 cm~!. UV spectrum, Amax (log€): 208 (4.14), 252 (4.58); 260 (4.61), 276 (4.71), 287 (4.66),
320 (4.19), 335 (4.04), 350 nm (3.82). Found: C, 73.5, H, 4.3; N, 10.6 %; M 262. The dissociation scheme is as
follows (m/e and relative intensity):
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(CO) (CO) (HCN) (HCN)

M+ 262 (100) 934 (13.6)——206 (26,3) ———179 (12,0)—— 152 (15,3).
I-H  (CO) (C0) (HCN) © (HCN)
261 (35,0)———233 (26,3)——205 (28,5) 178 (31,7)—— 151 {19,7).

Calculated for CyH;N,0,: C, 73.3; H, 3.8; N, 10.7%; M 262.

Acetylation of 1H, 6H-Indolo[7, 6-glindole. A 0.41-g portion (2 mmole) of I was given an addition of 10 ml
of redistilled acetic anhydride and 14.7 ml of glacial acetic acid. The mixture was boiled for 17 h and evapo-
rated in a vacuum. This yielded 0.64 g. The chromatogram of this residue (1:1 benzene— acetone) showed sev-
eral spots. The separation of this mixture into individual compounds was carried out in a column.

3-Acetyl-1H, 6H-indolo[7, 6-glindole (IV). This compound was eluted by a 1:1 benzene—ether mixture.
The yield was 15 mg (~4% relative to the original I). It presented itself as yellow crystals with a decomposi-
tion temperature of 177°C and Ry 0.39 (2:1 benzene— acetone). IR spectrum: 3430, 3300, 3220-3240 (NH), 1730,
shoulder at 1720, 1650 (C=0), shoulder at 1620 cm~!. Found: C, 77.0; H, 5.6; N, 10.9%; M 248. Calculated
for CgH;sN,0: C, 77.4; H, 4.8; N, 11.3%; M 248. The compound produced a pink color with Ehrlich's reagent
at room temperature.

2~ Acetyl-1H, 6H-indolo[7, 6-glindole (V). This compound was eluted by a 10:3 benzene—ether mixture.
The yield was 20 mg (4% relative to the original I). It presented itself as yellowish crystals with a decomposi-
tion temperature of 259°C and Rf 0.49 (10:3 benzene—acetone). IR spectrum: 3420, 3310 (NH), 1660, 1725 cni’!
(C=0). UV spectrum, Apax (log €): 204 (4.10), 249 (4.51), 255 (4.59), 276 (4.24), 287 (4.40), 360 nm (4.26).
Found: C, 77.5; H, 5.3; N, 11.2%; M 248. Calculated for C,¢H,,N,O: C, 77.4, H, 4.8; N, 11.3%; M 248. The
compound produced a pink color with Ehrlich's reagent at room temperature. :

2,8~Diacetyl-1H, 6H-indolo[7, 6-g]indole (VI). This compound was eluted by ether. The yield was 10 mg
(1.8% relative to the original I). The decomposition temperature was 190°C, and the Rf value was 0.33 (2:1
benzene—acetone), IR spectrum: 3325, 3290, 3200 (NH), 1645, 1730-1750 em~! (C=0). Found: C, 73.9; H,5.0;
N, 9.6%; M 290. Calculated for CygH;;N,Oy: C, 74.5, H, 4.8; N, 9.7%; M 290. The compound produced a yellow
color with Ehrlich's reagent at room temperature. It presented itself as a yellowish brown powder.

3,10-Diacetyl-1H, 6H-indolo[7, 6-g]lindole (VII). This compound was eluted by a 2:1 benzene ether mix-
ture. The yield was 10 mg (1.8%). It presented itself as yellow crystals, with a decomposition temperature of
204°C and Rf 0.36 (10:3 benzene—acetone). IR spectrum: 3300, shoulder at 3340, 3120-3130 (NH), 1725, 1630-
1650 cm™! (C=0). Found: C, 74.4; H, 5.4; N, 9.3%; M 290. Calculated for CgH4N,Oy: C, 74.5; H, 4.8; N,
9.7%: M 290. The compound produced a violet color with Ehrlich's reagent at room temperature after stand-
ing.

3. Phenylazo-1H, 6H-indolo{7, 6-glindole (VIIIa). A solution of 0.41 g (2 mmole) of I in 72 ml of dioxane
and 20 m] of water (pH 6-7) at 5°C was given an addition of a solution of 6 mmole of phenyldiazonium chloride,
the mixture was stirred at 3-5°C for 3 h and extracted by ether, and the ether extract was washed with a 10%
NaOH solution and then with water to a neutral reaction and dried (Na,S0O,). Evaporation of the solvent yielded
0.34 g (56%) of a substance, which was subjected to column chromatography with elution by a 1:1 benzene~— ether
mixture. Orange crystals with a decomposition temperature of 180°C and Ry 0.36 (benzene) were obtained. IR
spectrum: 3390 (NH), 1400 cm! (N=N). UV spectrum, Apygax (log €): 203.5 (4.25), 261 (4.49), 300 (4.01), 322
(3.91), 337 nm (3.79). Found: N, 17.0%; M 310. Calculated for CoHNs: N, 18.0%; M 310. The compound
produced a violet color with Ehrlich's reagent at room temperature.

3-(4'-Chlorophenylazo)-1H, 6H-indolo[7, 6-glindole (VIilb). A solution of 6 mmole of p-chlorophenyldia-
zonium chloride was added to a solution of 0.41 g (2 mmole) of I in 50 ml of DMFA and 20 ml of water (pH 7-9)
at —5°C, the mixture was stirred at a temperature from —3 to —5°C for 3 h and treated according to the meth-
od described above, and 0.43 g of a crude product was obtained (70%). It was purified by column chromatographj
(the eluent was 1:1 ether—benzene). It was recovered in the form of orange crystals with a decomposition tem-
perature of 270°C and Rg¢ 0.44 (benzene). IR spectrum: 3390, 3410 (NH), 1400 cm~! (N=N). UV spectrum,
Amax (log &): 203 (4.24), 262 (4.60), 335 (4.01), 341 (3.89), 476 nm (4.54). Found: Cl, 10.0; N, 15.7%; M 344.
Calculated for CyH;3CINg: Cl, 10.3; N, 16.3%; M 344.5. The compound produced a violet color with Ehrlich's
reagent at room temperature.

3- (4'- Nitrophenylazo)~1H, 6H-indolo[7, 6-glindole (VIIIc). This compound was obtained from 0.41 g (2
mmole) of I and 6 mmole of diazotized p-nitroaniline in analogy to compound VIIIb. The yield of the crude pro-
duct was 0.35 g (50%). The product was purified in a column (the eluent was 2:1 ether—benzene). It was re-
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covered in the form of Bordeaux red crystals with a decomposition temperature equal to 315°C and Ry 0.54
(10:1 benzene—acetone). IR spectrum: 3410, 3340 (NH), 1429 cm~! (N=N). UV spectrum, Amax (log €): 203.8
(3.87), 260.5 (4.11), 291 (3.63), 526 nm (4.22). Found: N, 19.3%; M 355. Calculated for CyH;3N;0,: N, 19.8%;
M 355. The compound produced a violet color with Ehrlich's reagent at room temperature.

LITERATURE CITED

1. Sh. A. Samsoniya, I. Sh. Chikvaidze, N. N. Suvorov, and 1. M. Gverdtsiteli, Soobshch, Akad, Nauk GruzSSR,
91, 609 (1978).

2. Sh. A. Samsoniya, M. V. Trapaidze, I. M. Gverdtsiteli, and N. N. Suvorov, Khim. Geterotsikl. Soedin.,
No. 9, 1279 (1977).

3. Sh. A. Samsoniya, M. V. Trapaidze, N. N. Suvorov, and I. M. Gverdtsiteli, Soobshch, Akad. Nauk GruzSSR,
91, 361 (1978).

4. Synthesis of Organic Preparations [Russian translation], Vol. 11, Inost. Lit., Moscow (1949), p. 30.

5. T. A. Tkachenko, Candidate's Dissertation, Moscow (1973).

6. A. F. Pozharskii, Khim. Geterotsikl. Soedin., No. 6, 723 (1977).

7. V.LI.Shvedov, A. K. Chizhov, and A. N. Grinev, Khim. Geterotsikl. Soedin., No. 3, 339 (1971).

8. C. Grundman and I. M. Dean, Angew. Chem., 77, 966 (1975).

9. V. G. Avramenko, G. S. Mosina, and N. N. Suvorov, Trudy MKhTI D. I. Mendeleeva, No. 66, 129 (1970).
10. L. Kamenov, L. G. Yudin, V. A. Budylin, and A. N. Kost, Khim. Geterotsikl. Soedin., No. 7, 923 (1970).
11. R. M. Mirzametova, V. N. Buyanov, and N. N. Suvorov, Khim. Geterotsikl. Soedin., No. 3, 366 (1979).
12. S. P. Hiremath and R. S. Hosmane, Adv. Heterocycl. Chem., 15, 277 (1973).

13. V. G. Avramenko, V. D. Nazina, and N. N. Suvorov, Khim. Geterotsikl. Soedin., No. 8, 1071 (1970).

INDOLE DERIVATIVES.
118.*SYNTHESIS OF DERIVATIVES OF PYRROLOI[1,2-a]JINDOLES
ON THE BASIS OF 1-ACETYL-3-INDOLINONE

V. S. Velezheva, V. P. Sevodin, UDC 547.74/75'756.07:542.941.7'951.1
M. B. Baru, and N. N. Suvorov

The methods of building up 9-keto-9H-pyrrolo[1, 2-alindoles on the basis of 1-(o-carboxyphenyl)pyrroles
have found application in the synthesis of the antibiotic mitomycin, although they are distinguished by low yields

in the cyclization step [2-4].
Ry i) /CN
A
|
e

g’ S

\ o
cocu
1 e —
ococH, ;
| H3N a 0
1, vi, 1X 1 v, v

VIL, VI X IV X=CN; V X=COOH; vi, VH R=CH; 11, VIl R=H;
IX R=CH,CH,CN; X R --COCH,

In the method we propose for constructing the tricyclic sysfem of mytomycin we start out from the con-
densation product of 1-acetyl-3-indolinone (I) with acrylonitrile, i.e., from 2,2-di-B-cyanoethyl-3-indolinone
(1), which is easily cyclized under the action of an ethereal solution of hydrogen chloride to form hydrochloride

*For report 117 see [1].

D. 1. Mendeleev Moscow Chemical-Engineering Institute, Moscow 125047, Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 9, pp. 1228-1230, September, 1979. Originalarticle submitted October 30,
1978.
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