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ABSTRACT. One-step synthesis of 9-(1H-indole-1-il)acridine was developed basing on the direct
hetarylation of indole with 9-chloracridine in the super basic medium. The yield is almost quantitative.
Isomeric pyrroloisatins were synthesized with the aim of modeling structural fragments of highly active
antitumor antibiotics of the duocarmycin group. Joining of an isatine fragment to a benzene ring of
indoline was conducted under the Sandmeier reaction conditions. A mix of angular and linear products:
6-benzoil-3H,6H-1,2-dioxo-7,8-dihydropyrrolo[3,2-e]indole  and 5-benzoil-1H,5H-2,3-dioxo-6,7-
dihydropyrrolo[2,3-f]indole with the ratio 1:3.335 was obtained from 5-amino-N-benzoilindoline. From
the mixture of products obtained in analogous manner from 6-amino-N-acetylindoline only a linear
isomer was isolated. The yield of 7-acetyl-1H,7H-2,3-dioxo-5,6-dihydropyrrolo[3,2-f]indole was 54%. In
our view, the formation of angular isomers is limited due to influence of spatial factors. Structures of
these synthesized compounds were confirmed by spectral methods. © 2016 Bull. Georg. Natl. Acad. Sci.
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Indole derivatives easily get combined with various biomolecules. More than 50 years they are consid-
ered to be privileged structures while creating new potential drugs [1]. An indole ring is connected with
another heterocycle in many natural compounds. An indole fragment is a part of many natural compounds, in
most of which it is annelated with an aromatic ring or another heterocycle. This fact provides multiplicity of
indole alkaloids with wide variety of simple and complex structures [2]. Highly active antitumor antibiotic CC-
1065 contains three pyrroloindoline fragments [3]. A single aromatic system of isomeric pyrroloindoles,
containing two nitrogen atoms being in different positions and their derivatives, is a subject of longtime
interest for researchers. Noncondensed indole compounds, containing fragments of other heterocycles, may
also be of great interest for search of novel physiologically active compounds and, among them, preparations
having antitumor activity. Isomeric pyrrolophenantridines and indolilphenantridines [4], 9-(1H-indole-1-
il)acridine and 9-(1H-indole-5-il)aminoacridine and some derivatives [5-7] are synthesized, which revealed
antitumor and antileukemic activity  [6,7]. The authors of [5,6] have synthesized 9-(1H-indole-1-il)acridine by
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indoline hetarylation with 9-chloracridine  in anhydrous pyridine with further dehydrogenation of the ob-
tained 9-(1H-indole-1-il)acridine.

We have developed one-stage method for the synthesis of 9-(1H-indole-1-il)acridine (3) by the direct
hetarylation  of indole with 9-chloracridine (1) at the room temperature, and in the super basic medium -  ÊÎÍ-
DMSO suspension by the described method [8]. 9-(1H-indole-1-il) acridine (3) is formed with almost quanti-
tative yield (Scheme 1).

Highly active antitumor antibiotic CC-1065 belongs to the group of duocarmycins [3], in the pyrroloindole
fragments of which 3-oxi-indole segments exist, e.g. duocarmycins A.B,C and D. 2,3,5,6-tetraoxo-1H,7H-
pyrrolo[3.2-f]indole [9] and isomeric imidazoindoles [10] are synthesized.

We have synthesized isomeric dihydropyrroloisatynes using a scheme including joining of an isatine
fragment to a benzene ring of indoline. The synthesis was conducted according to the Sandmeier reaction
scheme [11]. 5-amino-N-benzoilindoline (1) was used as initial component (Scheme 2).

A patent has been taken out for synthesis of a linear isomer of a 5-acetylderivative type from 5-amino-N-
acetylindoline [12]. But we could not isolate corresponding intermediate isonitrosoacetamide due to intense
resinification of the reaction mixture. 5-amino-N-acetylindoline (4) is readily acetylated by a chloralhydrate
and hydroxilamine mix at boiling in diluted HCI at the presence of Na2SO4 with the 85% yield of the corre-
sponding isonitrosoacetamide (5). By cyclization of this compound in concentrated H2SO4 a mix of angular (6)
and linear (7) isomers with the ratio 1:3.335 was obtained. Obviously, a direction of the reaction is defined by
steric factors. From the complex mix of cyclization products of isonitrosoacetamide (8) obtained from 6-
amino-N-acetylindoline (9) we succeeded only in isolation of a linear isomer 10 with the 54% yield
(scheme 3). Apparently, angular isomer 11 is not formed because of strong spatial difficulties in compari-
son with isomer 6.

A structure of the synthesized compounds was verified by spectral methods.
Experimental part. IR spectra are recorded with an instrument Thermo Nikolet Avatar-370 in petroleum

jelly and KBr tablets. NMR 1H spectra are recorded with a spectrometer Bruker AM-400 in dimethylsulphox-
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Scheme 1.  Synthesis of  9-chloroacridine (3)
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Scheme 2. Synthesis of  6-benzoil-3H,6H-1,2-dioxo-7,8-dihydropyrrolo[3,2-e]indole (6) and
5-benzoil-1H,5H-2,3-dioxo-6,7-dihydropyrrolo[2,3-f]indole (7 )
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ide-D6, inner standard TMS. Mass-spectra are obtained with a spectrometer Finigan MAT-95. The data of
mass- and NMR spectra are collected in the Department of Organic Chemistry at the Zaarland University
(Germany).

9-(1Í-indole-1-il)acridine (3). 2.24 g (0.04 mole) of KOH suspension and 1.17 f (0.01 mole) of indole were
mixed in 50 ml of DMCO for 1 h, then 3.2 g (0.015 mole) of 9-chloracridine was added and mixed again for 4 h.
The mix was poured into 100 ml water. Precipitated crystals were filtered, air dried and recrystallized from
ethanol. The yield was 2.82 g (96%). Tm - 213-2150С, Rf 0.29 (hexan-ester, 3:1) IR spectrum, , cm-1: 3085-2854
(CH), 1627.7 (C=C). UV spectrum, max nm (lg): 274 (4.896); 337 (4.870); 368 (3.842); 397 (3.206). NMR spectrum
1H (CDCI3, , ppm, J, Hz): 8.332 (2H, d, J=8.27, H-41, H-51); 7.925 (2H, t, J=8.0, H-31, H-61 H-31, H-61); 7.828(1H,
d, J=3.0, H-2); 7.817 (1H, d, J=8.9, H-4); 7.826 (1H, d, J=8.9, H-4); 7.592 (2H, t, J=8.0, H-21, H-71); 7.354 (2H, d,
J=9.0, H-11, H-81); 7.183(1H, t, J=7.5, H-6); 7.058(1H, t, J=7.5, H-5); 6.983 (1H, d, J=3.0, H-3); 6.675 (1H,d,J=8.0,
H-7); NMR spectrum 13C (CDCI3) , ppm: 149.049; 140.351, 138.047; 131.008; 130.782; 129.502; 127.900; 127.407;
123.351; 122.998; 122.536; 120.921; 120.404; 110.177; 103.805;  Found: m/z 294.1188 [M+]. C21H14N2. Calculated:
M=294.

1-benzoil-5-isonitrosoacetamideindoline (5). 10.3 g (0.032 mole) of Na2SO4·10H2O was added to the 0.66
g (0.004 mole) chloralhydrate solved in 10 ml water. Then solution of 1g (0.004 mole) 1-benzoil-5-aminoindoline
(4) and 0.88g (0.013 mole) hydroxilamine hydrochloride in 50 ml water and 0.5 ml concentrated HCL was added.
The mix is stirred and boiled for 1 h. Settled after cooling sediment was filtered, washed with water until
neutral reaction and dried. The yield was 1g (85%). The obtained product was purified on the column with
silica gel, eluent – benzene-aceton, 1:1. Rf 0.63 (benzene-acetone, 3:1). Tm = 230-231 0C. IR spectrum (petro-
leum jelly), , cm-1: 3260 (NH), 3190 (=N-OH), 1770 (C=O), 1650 (C=N). NMR spectrum 1H (DMSO- D6, , ppm,
J, Hz): 12.1 (1H, c, H-ON); 10.12 (1H, c, H-N); 7.67 (1Í, d, J=7.5,H-7); 7.56 (1H, c, H-4); 7.49 (1H, d, J=7.5, H-6);
7.47-7.43 (5H, m, H-Ph); 3.98 (2H, t, J=8.0, N-CH2); 3.07 (2H, t, J=8.0, CH2-CH2); 2.07 (1Í, c, H-C=N). Found:
m/z 309.1085 [ M+]. C17H15N3O4. Calculated: M=309.

6-benzoil-3H,6H-1,2-dioxo-7,8-dihydropyrrolo[3,2-e]indole (6) and 5-benzoil-1H,5H-2,3-dioxo-6,7-
dihydropyrrolo[2,3-f]indole (7). 1.1g (0.0036 mole) of 1-benzoil-5-isonitrosoacetamido indoline (5) was
added slowly, by small portions to 10 ml concentrated H2SO4 heated up to 500 C. The mix was heated to 800

C, stirred for 30 min, cooled and poured in 100g grinded ice. The sediment was filtered, washed with water
until neutral reaction and dried. The yield was 0.9g (87%). The mixture of isomers was divided on the
column with silica gel, eluent – benzene-acetone, 4:1. A fraction Rf 0.5 (benzene-acetone, 2:1) contains

Scheme 3. Synthesis of  7-acetyl-1H,7H-2,3-dioxo-5,6-dihydropyrrolo[3,2-f]indole (10)
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0.15g (14.5%) of 6-benzoil-3H,6H-1,2-dioxo-7,8-dihydropyrrolo[2,3-e]indole (6). Tm= 243-2440C. IR-spectrum
(KBr), , cm-1: 3456 (NH), 1743.42 (C=O -Bz), 1738 (C=O -amide), 1635.42 (C=O -ketone). NMR spectrum 1H
(DMSO- D6, , ppm, J, Hz): 11.04 (1H, c, H-N); 7.50 (1H, d, J=7.3, H-4); 6.72 (1H, d, J=7.3, H-5); 7.57-7.35 (5H, m,
H-Ph); 4.03 (2H, t, J=8.2, N- CH2); 3.20 (2H, t, J=8.2, CH2-CH2). Found: m/z 292.0843 [ M+]. C17H12N2O3. Calcu-
lated: M=292.

Fraction Rf 0.3 (benzene-acetone, 2:1) contains 0.5g (48.36%) of 5-benzoil-1H,5H-2,3-dioxo-6,7-
dihydropyrrolo[3,2-e]indole (7). Tm= 273-2740C. IR-spectrum (KBr), , cm-1: 3471.41 (NH), 1743.42 (C=O -Bz),
1740 (C=O -amide), 1627.71 (C=O -ketone). NMR spectrum 1H (DMSO-D6, , ppm, J, Hz): 10.96 (1H, c, H-N);
7.49 (1H, c, H-4); 7.57-7.49 (5H, m, H-Ph); 6.84 (1H, c, H-8); 3.98 (2H, t, J=7.3, N- CH2); 3.11 (2H, t, J=7.3,
CH2-CH2). Found: m/z 292.0806 [ M+]. C17H12N2O3. Calculated: M=292.

1-acetyl-6-isonitrosoacetamidoindoline (9) was obtained in analogous manner as compound 2 from 1g
(0.0057 mole) 1-acetyl-6-aminoimdolime (8), 1.04 g (0.0057 mole) chloralhydrate, 14.8g Na2SO4·10H2O and
1.25g (0.021 mole) hydrochloride hydroxylamine. The yield 0.52 g (36.9%). It was purified on the column with
silica gel, eluent – benzene-acetone, 1:1. Rf  - 0.63 (benzene-acetone, 3:2). Tm = 233-235 0C. IR spectrum
(vaseline oil ), , cm-1: 3300 (NH), 3210 (=N-OH), 1680 (C=O), 1640 (>C=N). NMR spectrum 1H (DMSO-D6, ,
ppm, J, Hz): 12.08 (1H, c, H-ON); 10.15(1H, c, H-N); 8.26 (1H, c, H-7); 7.46 (1H, d, J=8.2, H-4); 7.14 (1H, d, J=8.2,
H-5); 4.08 (2H, t, J=8.35, N-CH2); 3.06 (2H, t, J=8.35, CH2-CH2); 2.14(3H, c, CH3); 2.07 (1Í, c, H-C=N). Found:
m/z 347.0927 [M+]. C12H13N3O3. Calculated: M=247.

7-acetyl-1H,7H-2,3-dioxo-5,6-dihydropyrrolo[3,2-f]indole (10) was obtained analogously of compound
4 from 0.5 g (0.002 mole) of 1-acetyl-6-isonitrozoacetamidoindoline (6). It was purified on the column with
silica gel, eluent – benzene-acetone 3:1. Rf  - 0.63 (benzene-acetone, 3:2). Rf  0.39 (benzene-acetone, 3:2). Tm.
2610 C (decomposes). IR spectrum (petroleum jelly), ½, cm-1: 3220 (NH), 1725(C=O -Ac), 1718 (C=O- amide),
1620 (C=O -ketone). NMR spectrum 1H (DMSO-D6, , ppm, J, Hz): 10.38 (1H, c, H-N); 7.76 (1H, c, H-8); 7.02 (1H,
c, H-4); 3.64 (2H, t, J=8.2, N-CH2); 2.87 (2H, t, J=8.2, CH2-CH2); 2.10(3H, c, CH3).  Found: m/z 230.0668 [M+].
C17H12N2O3. Calculated : M=230.
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organuli qimia

indolisa da piroloindolis zogierTi axali
nawarmis sinTezi

S. samsonia*, d. yajriSvili**, n. TargamaZe, n. narimaniZe**,
i. CikvaiZe**

* akademiis wevri, zust da sabunebismetyvelo mecnierebaTa fakulteti, ivane javaxiSvilis sax.
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SemuSavebulia 9-(1H-indol-1-il)akridinis erTsafexuriani sinTezi, romelic
dafuZnebulia indolis pirdapiri hetarilirebis reaqciaze 9-qlorakridiniT superfuZe
areSi. gamosavlianoba TiTqmis raodenobrivia. maRalaqtiuri antikancerogenuli
doukarmicinis jgufis antibiotikebis struqturuli fragmentebis modelirebis mizniT
sinTezirebulia izomeruli piroloizatinebi. indolinis benzolis birTvze izatinuri
fragmentis miSeneba movaxdineT zandmeieris reaqciis pirobebSi. 5-amino-N-benzoilin-
dolinidan miiReba angularuli da xazovani produqtebis - 6-benzoil-3H,6H-1,2-dioqso-
7,8-dihidropirolo[3,2-e]indolis da 5-benzoil-1H,5H-2,3-dioqso-6,7-dihidropir-
olo[2,3-f]indolis narevi 1:3.335 TanafardobiT. xolo 6-amino-N-acetilindolinidan
analogiuri gziT miRebuli produqtebis narevidan movaxerxeT mxolod xazovani izomeris
gamoyofa. 7-acetil-1H,7H-2,3-dioqso-5,6-dihidro-pirolo[3,2-f]indolis gamosavlianoba
54% Seadgens. Cveni azriT, angularuli izomerebis warmoqmna SezRudulia sivrciTi
faqtorebis gavlenis gamo. yvela sinTezirebuli naerTis aRnagoba dadasturebulia
speqtruli meTodebiT.
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