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ABSTRACT. In the present work  fragmentation of molecular ions in mass-spectra of benzo[e]pyrrolo[3,2-
g]indole dichloranhydride and diamides (hydrazine) obtained on its basis are compared to fragmentation of
benzopyrroloindole, dihydrazides of indolo[4,5-e]indole and indolo[5,4-e]indole, and hydrazidohydrazones obtained
on their basis. At starting stages elimination of side radicals (R) of molecular ions occurs and [OC-HeT-CO]+

fragments containing dicarbonyl group are produced, having high-intensity peaks in the mass spectra. For these
ions quinoid structure is offered which, presumably, conditions their stability. © 2011 Bull. Georg. Natl. Acad. Sci.
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The work presents mass-spectra analysis of
benzopyrroloindole dichloranhydride 1, synthesized pre-
viously by us, and that of diamides (hydrazine) 2,3,4 ob-
tained on its basis [1] (Fig.1).

Data on the mass-spectra of compounds 1-4 are com-
pared with isomeric dihydrazides 5,6,7 synthesized by us
[2] and with hydrazidohydrazone 8-12 obtained as a re-
sult of interaction between dihydrazides and carbonylic
compounds [3]. Mass-spectrum 5 of dyhydrazide of
indolo[4,5-e]indole [2] is also considered (Fig.2).

Molecular ion peak within mass-spectrum of
dichloranhydride 1 was relatively low in intensity. At the
first and second stages consecutive elimination of two
molecules of hydrogen chloride occurs. The peak of the
derived ion [M-HCI-HCI]+ was of maximal intensity. The
subsequent fragmentation of this ion 258(100) proceeds
in two ways. The first way is consecutive loss of frag-
ments N=C=C=O (decay of pyrrole nuclei) that consider-
ably differs from known schemes of indole fragmentation.
The spectrum showed also the second way for decay of

Fig. 1. Scheme of synthesis of diamides 2-4
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[M-HCI]+  ion 294(38) to form ion 259(68). Formation of
this ion is also significant in the fragmentation process of
diamides 2, 3, 4.

The most convincing scheme of the decay of com-
pound 1 considering all peaks is the following:

In the course of fragmentation of molecular ions of
compounds 2,3,4, after bond breakage with both carbo-
nyl groups due to elimination of corresponding particles
or molecules a fragment was formed with mass 259 and
with a peak of maximal or high intensity in the spectrum.

Fig. 2. Scheme of obtaining hydrazidohydrazones 8-12
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Thereupon HCN and CO groups were consecutively lost.
Similar fragmentation took place also in the mass spectra
of dihydrazides 5-7. In the spectra of diamides 2 and 3
elimination of arylisocyanates from molecular ions was
also observed. Splitting of arylisocyanate ions with masses
119 (compound 2) and 153 (compound 3) was recorded in
the spectrum as single peaks.

In spectra of hydrazidohydrazones 8-12 an analogous
fragmentation of molecular ions was observed. After
breaking bonds with both carbonyl groups and consecu-
tive splitting corresponding particles or molecules, frag-
ment ion with mass 259 was recorded too here. Similarly
to the case of diamides, when this ion decayed, fragment
N=C=C=O was lost (decay of pyrrole nucleus).
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Ions eliminated from side chains of molecular ions
were also recorded in mass spectra as single peaks of
corresponding mass. For example, in the case of com-
pound 9 intensive peak with mass 111 could be radical
C8H15 obtained as a result of binding two radicals of elimi-
nated butylene; in the mass spectra of compound 12 high
intensity peaks of adamantyl radical and those of charac-
teristic ions formed at its following fragmentation [4] are
recorded. It is known [4] that at fragmentation of molecu-
lar ions in the adamantane mass spectra fragment ions are
formed having the following values of m/z:

 M+ 136(AdH)+; 135 Ad+
93(C7H9

+)

67 (C5H8)

107 (C8H11)

79(C6H7
+)

Proceeding from the above and taking into consid-
eration the peaks in mass spectra of compound 12 we can
say that elimination of ions produced as a result of decay
of adamantane radical occurred at the starting stage. Elimi-
nated fragment ions were registered in the spectra: radical
(Ad-1)+ (100) in the form of maximal intensive peak and
ions with masses 107(9.6), 93(16.8), 79(128) in the form of
relative low intensive peaks.

At the next stage splitting of corresponding particles
from the side chain continued; as a result of bond cleav-
age with both carbonyl groups an ion with mass 259 was
produced. Successive fragmentation of this ion occurred
analogously to that of compounds 8-11 by consecutive
cleaving HCN and CO groups.

General scheme of molecular ions of amide deriva-
tives of dipyrolonaphthalenes elimination of side radicals
was established by comparison of mass spectra of com-
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pounds 1-12. At starting stages radicals (R) were con-
secutively eliminated and a fragment containing
dicarbonyl group was produced with corresponding
masses m/z=259 or m/z=258, which were recorded in the
mass spectra as peaks of maximal (100%) or high intensity
[OC-HeT-CO]+. For this general fragment ion m/z=259 we
proposed two isomeric quinoid structures 13, 14, which
presumably conditioned their stability.
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The following fragmentation of these ions happens
mainly by consecutive splitting off groups HCN and CO.
In some cases an interesting alternative way of their de-
cay differing considerably from the known scheme of de-
cay of indoles: elimination of fragment -N=C=C=O, is re-
corded in the spectra (decay of pyrrole nucleus).

Experimental part. The reaction course, monitoring
the purity of products, and determination of the Rf  values
were carried out on Silufol UV-254 plates. Silica gel with
particle size 100-250 m was used as the adsorbent in
column chromatography. The mass spectra of compounds
5-12 were obtained on a Finnigan MAT 95 mass
spectrometer (USA) (at the Organic Chemistry Labora-
tory, Saarbrücken University) and those of compounds 1-
4 – on a quadrupole chromatography mass spectrometer
Nermag R10-10B with data processing system Spider (ion-
izing-electron energy 70 eV).

The IR spectra were obtained on a Termo Nikolet
Avatar-370 spectrometer equipped with FTIR in vaseline
mull. The UV spectra were obtained on a Varian Carry 100
UV-Vis spectrometer. The 1H NMR spectra were obtained
on a Bruker AM-400 spectrometer at 400 MHz with TMS
as the internal standard. The error of the chemical shift
measurement was ±0.01 ppm and the error for the cou-
pling constant was ±0.1 Hz (DMSO- d6).

Synthesis of compounds 1-4 is given in [1].
2,9-Di(carbohydrazide)-3H,8H-indolo[4,5-e]indole

(5). 1g (3 mmol) suspension of diethoxycarbonyl
indolo[4,5-e]indole [5] was heated in 59 ml isopropyl alco-
hol, hydrazinhydrate was added. It was boiled for 2 hr,
filtered in the hot state, washed with   isopropyl alcohol,
ether and dried. Cream-coloured crystals were insoluble
in water and hardly dissolved in organic solvents. The
yield was 0.9 g( 85 %), mp 330ºC. IR spectrum,  cm-1:

3100-3300 (NH indole and hydrazine), 3430 (NH2), 1610,
1640 (CO-amide band 1), 1530, 1570 (CO-amide band 2).
1H-NMR spectrum,  ppm: 11.78 (2H, w. s, 3-H, 8-H), 9.49
(2H, w. s, NH-hydrazide), 8.00 (2H, s, 1-H, 10-H), 7.69 (2H,
d, 5-H, 6-H), 7.52 (2H, d, 4-H, 7-H), 4.45  (4H, w. s, NH2),
J4,5=6.77 Hz; mass-spectrum (70 eV), m/z; found: [M+] 322,
C16H14N6. Calculated M=322 [2].

2 , 9 - D i ( c a r b o h y d r a z i d e ) - 1 H , 1 0 H -
benzo[e]pyrrolo[3,2-g]indole (6). 0.2g (0.57mmol) 2,9-
diethoxycarbonyl-1H,10H-benzo[e]pyrrolo[3,2-g]indole
[6] was dissolved in 20 ml isopropyl alcohol and boiled,
then 10ml hydrazine hydrate was added to it. Reaction
mixture was heated to 80 ºC for 3 h mixing permanently.
Isolated sediment was filtered, washed with isopropyl al-
cohol and dried with ether. Brown sediment was got. The
yield was 0.17g (85%). m.p. 403ºC. Rf 0.35 (isopropyl alco-
hol-hexane, 10:1), IR spectrum, v cm-1: 3430 (NH2), 3330
(NH-indole), 3250-3280 (NH-hydrazide), 1610-1670(CO-
amide band 1), 1510-1580 (CO amide band 2). UV spec-
trum, max (lg ): 227(3.16), 238 (3.25), 255 (3.21), 270 (3.32),
282 (3.31), 345 (3.25), 255 nm(3.24). 1H-NMR spectrum, 
ppm: 11.66 (2H, w. s, 1-H,10-H), 9.55 (2H, w. s, NH-hy-
drazide), 8.10 (2H, s, 4-H, 7-H), 7.68(2H, d, 3- H, 8 -H), 7.45
(2 H,d, 5-H, 6-H),  4.41  (4H w. s, NH2), J4,5=6,21 Hz. J4,6=3,29
Hz. Mass-spectrum (70 eV), m/z; found: [M+] 322,
C16H14N6. Calculated: M=322 [2].

2,7-Di(carbohydrazide)-3H,8H-indolo[5,4-e]indole
(7). 0.1g (0.29 mmol) solution of 2,7-diethoxycarbonyl-
3H,8H-indolo[4,5-e]indole [5] dissolved in 10 ml isopro-
pyl alcohol was boiled and 7 ml hydrazine hydrate added.
Reaction mixture was heated to 80 °C for 3 h mixing perma-
nently. Isolated sediment was filtered, washed with iso-
propyl alcohol and dried with ether. Yellow sediment was
got. Rf 0.49 (isopropyl alcohol-hexane, 10:1). The yield
was 0.09 g (80%), Tdecomp>300 ºC. IR spectrum, v, cm-1:
3470 (NH2), 3320 (NH-indole), 3200-3290 (NH-hydrazide),
1640 (CO-amide band 1), 1550(CO-amide band 2). 1H-NMR
spectrum,  (ppm), J,Hz : 11.85 (2H, s, NH indole), 9.73 (2H,
s, NH hydrazide), 4.49 (4H, br. s, NH2), 7.70 (2H, br.. s, 1-H,
6-H), 7.90 (2H, d, 4-H, 9-H), 7.63 (2H, d, 5-H, 10-H), J4,5=9.0.
Mass-spectrum (70 eV), m/z; found: [M+] 322, C16H14N6.

Calculated: M=322.
Methylethylketone benzo[e]pyrrolo[3,2-g]indole-2,9-

yl-di(carbohydrazidohyrdazone)  (8). 0.3 ml
methylethylketone was heated to 50 °C, 0.05g (0.17 mmol)
dicarbohydrazide 6 and 1-2 drops of acetic acid were added
and heated to 78-80 °C for 2 h. Isolated sediment was
filtered, washed with isopropyl alcohol and dried with
diethyl ether. Rf 0.62  (isopropyl alcohol-ether, 6:1). The
yield was 0.057g(78 %), m.p. 303-305ºC. IR spectrum,
v cm-1: 3340 (NH-indole, 3200, 3240 (NH-amide), 1640 (CO-
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amide), 1600 (C=N). 1H-NMR spectrum (DMSO-d6), 
(ppm), J,Hz: 11.88 (2H, br s, NH-indole), 10.34 (2H, s, NH-
hydrazide), 7.99 (2H, d, 3-H, 8-H), 8.15 (2H, dd, 4-H, 7-H),
7.47 (2H, dd, 5-H, 6-H), 2.02 (6H, s, =C-CH3), 2.36-2.42 (4H,
m. CH2-Et), 1.06-1.24 (6H, m, CH3-Et),  J1,3=3.2; J4,5=5.2,
J4,6=3.2,J5,6=6.0, J5,7=2.8. Mass-spectrum (70 eV), m/z;
found: [M+] 430. C24H26N6O2. Calculated: M=430.

Methylethylketone indolo[5,4-e]indole-2,9-yl-
di(carbohydrazidohydrazone) (9). 0.3 ml
methylethylketone was heated to 50 °C. 0.05 g (0.16 mmol)
dihydrazide 7 and 1-2 drops of acetic acid were added
mixing permanently. Reaction medium was heated to 80-
82 °C. In 2 hours 8 ml methylethylketone was added.
Brown-coloured sediment was filtered, washed with iso-
propyl alcohol  and dried with diethyl ether. The yield was
0,04g (58%).  Tdecomp.>240 °C. Rf 0.30 (isopropyl alcohol-
ether, 6:1). IR spectrum, v cm-1: 3350 (NH-indole), 3170-
3280 (NH-amide), 1640, 1660 (CO amide), 1580 (C=N). 1H-
NMR spectrum (DMSO-d6), (ppm), J, Hz:  11.97 (2H, s,
NH indole), 10.32 (2H, s, NH amide), 7.88 (2H, br s, 1-H, 6-
H), 8.03 (2H, d, 4-H,9-H), 7.68 (2H, d, 5-H, 10-H), 2.03(6H, s,
=C-CH3), 2.39(4H, br s, -CH2), 1.16 (br s, -CH2-CH3), J4,5=8.6.
Mass-spectrum (70 eV), m/z; found: [M+] 430. C24H26N6O2.
Calculated: M= 430.

Cyclohexanone benzo[e]pyrrolo[3,2-g]indole-2,9-yl-
di(carbohydrazidohydrazone) (10). 2 ml cyclohexanone
was heated to 50-60 °C, 0.04g (0.12 mmol) dihydrazide
benzo[e]pyrrolo[3,2-g]indole 6 and 2-3 drops of acetic acid
were added. White-colored sediment gradually became
light brown. Reaction medium was heated to 100 °C for 2
h. Isolated sediment was filtered and washed with isopro-
pyl alcohol. The yield was 0.03 g (53%), Tdecomp >3000C. Rf

0.50 (isopropyl alcohol -ether, 6:1). IR spectrum, v, cm-1:
3370 (NH-indole), 3250-3260 (NH-hydrazone), 1670 (CO-
amide), 1610 (C=N). 1H-NMR spectrum (DMSO-d6),
(ppm), J, Hz:  11.85 (2H, s, NH indole), 10.59 (2H, s, NH
amide), 7.94 (2H, d, 3-H, 8-H), 8.18 (2H, m, 4-H, 7-H), 7.46
(2H, dd, 5-H, 6-H), 1.61-1.77 (12H, m, Hb-Hc), 2.35-2.46 (8H,
m, Ha),  J4,5=6.0,  J4,6=3.2. Mass-spectrum(70  EV), m/z;
found: [M+] 482. C28H32N6O2. Calculated: M= 482.

Cyclohexanone indolo[5,4-e]indole-2,9-yl-
di(carbohydrazidohydrazone) (11). 2 ml cyclohexanone
was heated to 50-60 °C, 0.04g (0.12  mmol)
di(carbohydrazide)-3H,8H- indolo[5,4-e]indole (7) and 2-
3 drops of acetic acid were added. Reaction mixture was
heated to about 100 °C for 2 h, held for 24 s and settled
with diethyl ether. Brown-coloured sediment was formed.
Rf 0.50 (diethyl ether-hexane, 9:1). The yield was 0.03 g
(50%), T m.p. 230-232° C. IR spectrum, v, cm-1: 3247(NH-
amide), 3350(NH-indole), 1697 (Co-amide), 1643 (C=N). 1H-
NMR spectrum(DMSO-d6) (ppm), J, Hz: 11.98 (2H, br s,
NH indole), 10.58 (2H, s, NH amide), 7.86 (2H, br s,  1-H, 6-
H), 8.04 (2H, d, 4-H,9-H), 7.66 (2H, d, 5-H, 10-H), 1.64-1.77
(12H, m, =Hb-Hc), 2.25-2.40 (8H, m., Ha), J45 =7.2. Mass-
spectrum(70 eV), m/z; found: [M+] 482, C28H32N6O2. Cal-
culated: M= 482.

Acetyladamantane indolo[5,4-e]indole-2,9-yl-
di(carbohydrazidohydrazone) (12). 0.06g Acetylada-
mantane was dissolved in small amount of isopropyl al-
cohol, 0.05g (0.16mmol) indoloindole dihydrazide 7 dis-
solved in dimethylformamide was added. Reaction me-
dium was heated up to about 80 °C for 3 h, sediment was
filtered and dried with diethyl ether. The yield was 0.06 g
(56%). Tdecomp.>300 0C. Rf 0.55 (isopropyl alcohol-ether,
6:1). IR spectrum, v cm-1: 3301(NH-indole), 3193 (NH-
amide), 2676, 2723 (Ad), 1627 (CO-amide), 1535 (C=N). 1H-
NMR spectrum(DMSO-d6) (ppm), J, Hz: 11.99 (2H, br s,
NH indole), 10.60 (2H, br s, NH amide), 7.89 (2H, br s, 1-H, 6-
H), 8.06 (2H, d, 4-H, 9-H), 7.71 (2H, d, 5-H, 10-H), 1.48-1.81
(30H, Ad), 1.70-1.81(C-CH3), J45=7.6. Mass-spectrum (70 eV),
m/z; found: [M+] 642, C40H46N6O2. Calculated: M= 642.

Acknowledgement. The above project has been ful-
filled by financial support of the Georgia National Science
Foundation (Grant #GNSF/ST07/4-181; #GNSF/ST08/4-
413). Any idea in this publication is possessed by the
authors and may not represent the opinion of the Georgia
National Science Foundation itself. We also want to thank
the Deutsche Akademische Austauschdienst (DAAD) for
supporting the partnership and the exchange program
between Ivane Javakhishvili Tbilisi State University and
Saarland University.



60 Shota Samsoniya, Marina Trapaidze, Nino Nikoleishvili, ...

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 2, 2011

organuli qimia

dipirolonafTalinebis amiduri nawarmebis
mas-speqtrebSi fragmentaciis Taviseburebani

S. samsonia*, m. trapaiZe**, n. nikoleiSvili**, n. kupraSvili***,
n. esakia**, d. zurabiSvili**

* akademiis wevri, i. javaxiSvilis sax. Tbilisis saxelmwifo universiteti
** i. javaxiSvilis sax. Tbilisis saxelmwifo universiteti
*** saqarTvelos saswavlo centri „ji-el-si” (GLC), Tbilisi, nucubiZis q. 223

warmodgenilia benzo[e]pirolo[3,2-g]indolis diqloranhidridisa da mis safuZvelze miRebuli
diamidebis mas-speqtrebSi molekuluri ionebis fragmentaciis Taviseburebani. igi Sedarebulia
benzopiroloindolis, izomeruli indolo[4,5-e]indolisa da indolo[5,4-e]indolis dihidra-
zidebisa da maT safuZvelze miRebul hidrazidohidrazonebis fragmentaciasTan. gakeTebulia
daskvna sinTezirebuli amiduri nawarmebis mas-speqtrebSi fragmentaciis zogadi kanonzomierebis
Sesaxeb: sawyis stadiebze xdeba molekuluri ionebis gverdiTi  radikalebis (R) eliminireba da
dikarbonilis jgufis Semcveli fragmentebis [OC-HeT-CO]+ warmoqmna, romelic mas-speqtrebSi
dafiqsirebulia an maqsimaluri(100%), an maRali intensiurobis pikebis saxiT. am ionebisaTvis
mowodebulia qinoiduri struqtura, romelic savaraudod maT mdgradobas ganapirobebs. Semdgomi
fragmentacia mimdinareobs ZiriTadad CO da HCN jgufebis TandaTanobiT moxleCiT. zogierT
SemTxvevaSi ki dafiqsirebulia maTi daSlis saintereso alternatiuli gzac, speqtrebSi fiqsirdeba
-N=C=C=O fragmentis eliminireba (pirolis birTvis daSla), romelic gansxvavdeba indolebis
daSlis cnobili sqemisagan.
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