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ABSTRACT

The effective approaches for regioselective dodtmylation and acetylation of 5,12-dialkyl-
6,7-diaryl-substituted  5,12-dihydroindolo[3a2carbazoles by their treatment with
dichloromethyl methyl ether in the presence of Sri€lwith acetyl chloride in the presence of
AICl; to afford the 2,9-diformyl or 2,9-diacetyl derixads, respectively, were developed.
Furthermore, new 2,9-bis(2,2-dicyanovinyl) derivai were synthesized by the Knoevenagel
condensation of diformyl-containing substrates withalononitrile, when new 2,9-
bis(quinoxaline-2-yl)- and 2,9-bis(benpijuinoxaline-2-yl) derivatives were formed via
microwave-promoted oxidation of diacetyl-containswgostrates with SeQo the corresponding
diglyoxals, followed by the reaction of these imtediates witho-phenylendiamine or 2,3-
diaminonaphthalene, respectively. The basic optaral electrochemical properties of some

5,12-dihydroindolo[3,2a]carbazoles were investigated.




1. Introduction

Indolocarbazoles represent wide family consistifidivee classes of isomeric ring-fused
heterocycles, which have attracted considerablearel attention during past decades thanks to
a number of their valuable applications [1,2]. lede derivatives of each of the five
indolocarbazole systems have been found to be lusefuboth medicinal chemistry and
materials science [1,2]. In the latter field, theseonjugated fused systems, most often 5,11-
dihydroindolo[3,2b]carbazoles [3], have been utilized for designietp¢tro)luminescent or
charge transport materials and light-harvestingsdyge organic electronics and photovoltaics
[2]. In turn, some 5,12-dihydroindolo[3@&earbazoles (indolo[3,2}carbazoles) also proved to
be effective for use in organic light-emitting desd(OLEDS) [4—6]. For instance, structures of
indolo[3,2a]carbazole-based host materidiSDP, 4ICDPy and 4ICPPy (see ref. [5]) for

phosphorescent organic light-emitting diode (PhO).Bpplications are shown in Figure 1.

ICDP (X = Y = CH)
4ICDPy (X = Y = N)
4ICPPy (X = N; Y = CH)

Figure 1. Indolo[3,2a]carbazole-based host materials for PhOLEDs

A number of effective methods for the constructioh indolo[3,2-a]carbazoles has
previously been reported in the literature [7—1@hjle known options for further modification
are very limited. Taking into accoumexcessive character of indolocarbazoles, oneefribst
appropriate and attractive tools for framework rfiodtion is electrophilic aromatic substitution
(SeAr). In particular, we have previously describedgadures for regioselective 2,8-formylation
[17,18], 2,8-acetylation [19], 2,8-aroylation [1@]2and 2,8-nitration [21] of 6,12-di(hetero)aryl-
5,11-dihydroindolo[3,&]carbazoles. Continuing our study, we report hessimthetic protocols
for double formylation and acetylation of 6,7-diasybstituted 5,12-dihydroindolo[3,2-
alcarbazoles, shown in Figure 2, and the furtherliegions of the formyl- and acetyl-

substituted substrates for the construction of meggtended derivatives.

Ar Ar
DgPS
N
O

Figure 2. The structure of studied 5,12-dihydroindolo[&]2arbazoles
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2. Results and Discussion

2.1. Synthesis

There are few known ways for synthesis of indo{@carbazoles, bearing aromatic
moieties at C-6 and C-7 positions, such as paltadiatalyzed cascade reaction of 2,3-
unsubstituted indoles with 1,2-diarylacetyleneqg,[p2lladium-catalyzed oxidative annulation of
2',3-unsubstituted 2,3'-biindoles with 1,2-diarggdenes [23] and condensation of 2,3-
unsubstituted indoles with 1,2-diarylethane-1,2ndio (benzils) under catalysis op-
toluenesulfonic acidpt TsOH) [24]. The latter protocol was chosen by sighee most attractive
one for preparing multigram-scale amounts of theirdd indolo[3,2a]carbazoles due to the
transition-metal-free process and commercially labée starting materials. Unfortunately, using
the originally reported procedure [24], indolo[&Rarbazole3a (Ar = Ph) was obtained in 17%
yield instead of stated 62%, since, as soon asdhgion of indolel and benziPa with p-TsOH
(20 mol%) in toluene was heated to a bolil, thers wdast separation of a very viscous gum
from the reaction mixture, and further reaction had proceed in the biphasic system.
Nevertheless, produt could be obtained in 77% yield, when this condeosavas performed
by refluxing the reaction mixture for 10 h in aa@tdle solution instead of toluene one. The
reaction intermediates proved to be highly solubleacetonitrile due to its greater polarity
compared to toluene, in contradiction to the déspeduct3a, which precipitated from the hot
solution after 3-4 h. In the same manner, indoEcarbazolesb,c were prepared from indole
1 and 4,4'-disubstituted benzi®b,c (Scheme 1, Table 1). The treatment of compouhdsth
the appropriate alkyl halide (3 equiv) in the prese of NaH (6 equiv) in the DMSO-THF
mixture (2:8, v/v) allowed us to obtain derivativks-gin 56-96% yields (Scheme 1, Table 1).

Ar

Ar
N
O Ar O Ar
C :N p-TsOH O AIKBr (3 equiv), O

1 H (20 mol%) NaH (6 equiv) N

- N ~Alk
a T oar | CHCN H NH - bMso-THF AIK N
r>, ( T 10 h, reflux O 3h,rt O
O O
2a-c 3a-c 4a-g

Scheme 1Synthesis of indolo[3,2]carbazole derivative3 and4

Table 1.Scope and yields of indolo[3&earbazoles8 and4

Entry Product3 or4 Ar Alk Yield (%)
1 3a phenyl - 77 (1D
2 3b 4-methoxyphenyl - 80
3 3c 4-bromophenyl - 71



4 4a phenyl N-CeH13 85
5 4b phenyl n-CyHg 89
6 4c° phenyl GHsCH 81
7 4d phenyl GHs 92
8 4¢° phenyl ChH 88
9 4f 4-methoxyphenyl n-CgHis 96
10 49 4-bromophenyl  n-CgHis 56

¢ Toluene was used as a solvent to perform theiogact
® Benzylchloride was used to prepare compodmd
¢ lodomethane was used to prepare compdnd

Further in this study, we focused our effort ordfirg suitable reaction conditions for the
regioselective formylation of substrat#sthat to obtain indolo[3,2jcarbazole compounds with
aldehyde groups at the both terminal benzene wfdbe fused frameworks. First, we tried to
perform formylation of indolo[3,2]carbazoleda by the Vilsmeier—Haack protocol [25], that is
often used to prepare formyl derivatives of elattrich (hetero)aromatic compounds. However,
the treatment of compourgh with the Vilsmeier reagent (POEDMF complex) gave a mixture
of several formyl-substituted products, which wiethto separate by crystallization or column
chromatography due to the close nature. At the same, we succeeded to achieve
regioselective formylation of substrad@ using the Rieche method [26,27], consisting in the
treatment of the starting compound with dichloradmyemethyl ether in the presence of Spidl
dry CH,CI, solution at -20 °C for 1 h to form dialdehy8a as the single reaction product in
71% vyield. Other 2,9-dialdehydéswere also prepared in the same manner in 55-8@&ldsyi
(Scheme 2, Table 2).

CHCI,OMe (3 equiv.),
SnCly (4 equiv.)

CH,Cly, 1 h, -20°C

Scheme 2Formylation of indolo[3,2a]carbazolegl at C-2 and C-9 positions

Table 2.Scope and yields of 2,9-diformyl-substituted detixes5

Entry Substratel Ar Alk Product5 Yield (%)
1 da phenyl Nn-CeHi3 5a 71
2 4b phenyl n-C4Hg 5b 68
3 4c phenyl GHsCH; 5c 55
4 4d phenyl GHs 5d 59
5 de phenyl ChH 5e 61
6 af 4-methoxyphenyl n-CgHis 5f 78
7 49 4-bromophenyl  n-CgHj3 59 86
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In turn, the regioselective double acetylation néldlo[3,2a]carbazoles4 proceeded
smoothly by treatment with acetyl chloride in thegence of anhydrous Aldh dry CHClI,
solution at 0 °C for 1 h, thus afforded 2,9-diatstybstiuted derivative$ in 71-88% yields
(Scheme 3, Table 3). The only exception wad\tii¢-dibenzyl-substituted substrate (Table 3,
entry 3), which undergone rapid decomposition urtlese reaction conditions and formed a
complex mixture of compounds. This fact can be @&xgd by unwanted acetylation of the
benzyl groups of compountt as well as its debenzylation with AKCkimilar to a previously
described reaction fdd-benzylcarbazoles [28]. However, we also failegppéoform acetylation
of 4c using acetyl chloride with milder Lewis acids, Bues SnCJ and TiCl, as well as acetic
anhydride with BE etherate. The latter reaction conditions were iptsly used by us for
acetylation of 5,11-dihydroindolo[3 f@carbazole derivatives [19].

HsC

CH3COCI (3 equiv.),
AICl; (4 equiv.)

CH,Cl,, 1h, 0°C

Y

6a,b,d-g

Scheme 3Acetylation of indolo[3,2a]carbazolegl at C-2 and C-9
Table 3.Scope and yields of 2,9-diacetyl-substituted déirres 6

Entry Substratel Ar Alk Product6 Yield (%)

1 da phenyl N-CgH13 6a 76
2 4b phenyl n-C4Hg 6b 72
3 4c phenyl GHsCH; 6C -

4 4d phenyl GHs 6d 78
S 4de phenyl CH 6e 71
6 4f 4-methoxyphenyl n-CgHia 6f 88
7 49 4-bromophenyl  n-CgH3 69 73

Notably, the structures of the diformyl- and digtsubstituted derivative®a-g and
6a,b,d-g is fully consistent with NMR data and elementahlgsis. For instance'H NMR
spectra of products and6 contained characteristic signals of two non-eqenaformyl groups
at 9.5-9.6 ppm and 9.6-10.2 ppm or two non-equntadeetyl group at 2.1-2.2 ppm and 2.7-2.8
ppm, respectively. However, to confirm unequivogdlisposition of formyl and acetyl functions
in these molecules, we performed X-ray diffractoralysis for the single crystals of derivatives

5d and6e the results are shown in Figures 3 and 4.



Figure 3. ORTEP diagram for the X-ray structure5af. Thermal ellipsoids of 50% probability

are shown

Figure 4. ORTEP diagram for the X-ray structureGd Thermal ellipsoids of 50% probability

are shown.

We also showed usefulness of the formyl- and adatdtionalized substratésand6 as
the building blocks for the synthesis oextended indolo[3,2]carbazole compounds. To this
end, 2,9-dialdehydesab were treated with malononitrile in the presenc@yfolidine acetate
(20 mol%) to obtain 2,9-bis(2,2-dicyanovinyl)-sutged indolo[3,2a]carbazolesra and 7b in
83% and 76% yields (Scheme 4). At the same time,2\®-diacetyl derivative€ were utilized

by as us for the construction of 2,6,7,9-tetra(tegteyl-substituted indolo[3,3}carbazoles3
6



and 9, bearing quinoxaline-2-yl or benzjfiuinoxaline-2-yl units at C-2 and C-9 positions,
respectively. Thus, the oxidation of substr&ad with SeQ in 1,4-dioxane solution at 150 °C
under microwave irradiation conditions for 30 mmnsformed both acetyl groups 6finto
glyoxyloyl (COCHO) functions. The formed crude lgilsoxal intermediates were further treated
with o-phenylendiamine or 2,3-diaminonaphthalene to dffibesired product8a,b and9a,b in

59-77% yields, respectively (Scheme 4).

CH,(CN),

pyrrolidine acetate /'
DMF, 2 h, reflux

53, Alk = n-C6H13
5b, Alk = n-C4Hg

CHs 4. SeO, / 1,4-dioxane,
0.5 h, 150 °C, MW

2. ','/Q\\@:NHz
1
d_~
g NH,

AcOH - 1,4—dioxane,' “oy

@)

1 h, reflux
N 0 o)
6a, Alk = n-CgH13 CHs CHO 8a, 59%; 9a, 64%

6b, Alk = n-C4Hq 8b, 77%; 9b, 59%
Scheme 4Synthesis ofi-extended indolo[3,2]carbazole derivativega,b, 8a,band9a,b

2.2.0Optical and electrochemical study

Cyclic voltammetry (CV) measurements of compourdsf-g, 7a, 8a and 9a were
performed to study their electrochemical propertidse HOMO Epomo) @and LUMO Epymo)
(of compoundsBa and94d) energy values were estimated from the onset paterof the first
oxidation or reduction event according to the failog equations:

Eromo = — [Bonset, oxvs. Fe/red 5.1]
ELumo = — [Bonset, red vs. Ferrcd) 5.1]

All the LUMO energy levels were also calculatednireidOMO energy levels and the
optical band gapigpt) using equation:

_ opt
ELumo = Enomo + Eg -

The obtained data are listed in Table 4.

Table 4. The electrochemical and optical characteristicindblo[3,2-a]carbazoles derivatives

4a,f-g, 7a, 8aand9a. All experiments were carried out in @, solution



Compound Egpt’ eV,a E[onset, OX VS. Fc/Fc+]V EHOMOI eV ﬁonset, red vs. Fc/Fc+]V ELUMO, eV

4a 3.24 0.28 5.38 - 214
4 3.24 0.25 -5.35 - 211
4g 3.23 0.34 -5.44 221
7a 2.54 0.65 -5.75 -3.21
8a 2.79 (2.63) 0.39 -5.49 -2.24 -2.70 (-2.86)
9a 2.53 (2.33) 0.39 -5.49 -1.94 -2.96 (-3.16)

*Estimated from the absorption spec§™ = 1240%e449 [29].

® Electrochemical Fwas calculated from the equatiop£E, ymo — Enomo
°Determined from the onset potential in cyclic voitaogram

The results of voltammetry shows that the oxidaportentials of the studied indolo[3,2-
alcarbazoles derivatives are quite sensitive to ghann the electron-donor properties of the
substituents. Thus, the introduction of an electuithdrawing 2,2-dicyanovinyl fragment
(compound7a) into indolo[3,2a]carbazole core leads to a significant increas€oiet, ox(~ 370
mV). The comparison of fset, 0x0f cCOMpoundda with ones ofdf-g shows, that the introduction
of an electron-withdrawing-bromo substituents increases the oxidation pakhti 60 mV, at
the same time the introduction of an electron-dogamethoxy groups gives a slight decrease.
For compoundsBa and 9a the reduction processes are observed, apparezitijed to the
heterocyclic moieties in the molecules.

The UV/visible absorption and photoluminescencespeof compoundda, 4f, 4g, 7a 8a
and9a were recorded in Ci€l, solution (5-10M) at ambient temperature, and the results are

summarized in Tables 4 and 5.
All selected compounds are wide-bandgap semicondiigtith Egpt of ~3.24 eV forda,

4f-g and 2.50-2.80 eV fora, 8a and9a. Thus, an increase im-conjunction in indolo[3,2-

alcarbazole derivativesa, 8a, 9aleads to a significant decrease in the bandgageval

Table 5.UV/Vis and photoluminescence data #a, 4f, 49, 7a, 8@nd9a

Absorption Photoluminescence
Compound Amax, nm Excitation Emission
(e, 100 Mt-cm™) Amax, nm Amax, nm O, (+10) %

370 (28.6), 370,
354 (17.2), 354,

42 296 (89.9). 296, 388 52
252 (74.3) 252
370 (15.8), 370,
354 (9.7), 354,

4f 295 (50.2), 295, 387 24
280 (44.5), 280,
254 (39.1) 254
371 (17.3), 371,
355 (10.6), 355,

49 296 (54.9). 296, 396 58
250 (48.6) 250
429 (63.9), 429,

7a 345 (34.9), 345, 555 3
294 (49.3) 294

8a 397 (49.3), 397, 528 33
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300 (81.4), 300,

238 (60.4) 238
423 (38.3), 423,
300 (101.1), 309,

9a 267 (77.6), 267, 588 it
232 (57.9) 232

& Solution of quinine bisulfate in 0.1 N,HO, was used as a relative standabd £ 52%,”. = 300 nm) [30]
® Solution of 3-aminophthalimide in ethanol was uasd relative standard{ = 60%,”\ = 400 nm) [31]

The various aryl substituents at C-6 ad C-7 pasitiof the indolo[3,Z&]carbazole core
have no effect on the absorption spectrum maxime $eries of compoundss, 4f, 49 (Figure
5). It can be caused by non-planar dispositionrgisadue to steric factors. On the other hand,
there is a bathochromic shift of absorption bandsthie spectra of indolo[3,8lcarbazole
derivatives7a, 8a, 9a due to ther-extended system compared with one (Figure 6, also see

Supplementary Information).

0.5 -

0.4

o
w

Absorbance (a.u.)

S
1%

0.1

200 250 300 350 400
Wavelenght, nm

Figure 5. UV/Vis spectra of compoundks, 4f, 49
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=
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¥
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200 300 400 500
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Figure 6. UV/Vis spectra of compoundks, 8a, 9a
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It was found that all selected compounds exhibatpluminescent properties (Table 5).
The excitation spectra coincide with the absorptwres. The influence of the structure of
compoundgla, 4f, 49, 7a, 8a, 9an the fluorescence spectra seems to be simithatmbserved
for the absorption spectra. Thus, the fluorescemaeima of indolo[3,2a]carbazoles4a, 4f, 49
are in narrow range of values (380-400 nm). At slane time, the fluorescence spectrum
maxima ofr-extended indolo[3,2]carbazole derivativesa, 8a, 9a(Amax = 520 — 590 nm) have
a significant bathochromic shift in respect to canmpd4a (Amax = 388 nm).

3. Conclusion

In summary, we demonstrated that electrophilic attonsubstitution reactions are
effective synthetic tools for the primary functitimation of 5,12-dihydroindolo[3,2]carbazoles
framework on examples of its formylation and acgigh. Thus, the convenient procedures for
the synthesis of new 2,9-diformyl- and 2,9-diacetybstituted indolo[3,2]carbazoles with
aromatic fragments at C-6,7 positions were elakdrauring this study. In addition, a few
extended derivatives of indolo[3dearbazole ring system, bearing 2,2-dicyanovinygups as
well as quinoxaline-2-yl or benzgjfjuinoxaline-2-yl parts at C-2 and C-9 positionsgrev
prepared starting from the above mentioned diforand diacetyl substrates to show synthetic

usefulness.

4. Experimental part

All reagents were purchased from commercial souraed used without further
purification.

Analytical studies were carried out using equipmeitthe Center for Joint Use
“Spectroscopy and Analysis of Organic Compounds'thet Postovsky Institute of Organic
Synthesis of the Russian Academy of Sciences (Dirasion). Melting points were determined
on combined heating stages and are uncorrectechelftal analysis was carried on an automated
CHN analyzer. Mass spectrometry was performed usgimggh resolution Q-TOF LC-MS/MS
spectrometer. NMR measurements were performed oR Npéctrometers at 400 MHz and 500
MHz for *H, 101 MHz, 126 MHz and 151 MHz for 13C spectraDkSO-ds or CDC} with
tetramethylsilane as an internal standard. FieNMR spectra of indolo[3,2]carbazoles3b
and 3c could not be determined due to a poor solubilityh@se compounds in a majority of
deuterated solvents.

Cyclic voltammetry was carried out on a Metrohm &dlab PGSTATL28N potentiostat
with a standard three-electrode configuration. Tglhy, a three electrodes cell equipped with a

glass carbon working electrode, a Ag/AgN@.01M) reference electrode, and a glass carbon
10



rod counter electrode was employed. The measurenveeite done in dichloromethane with
tetrabutylammonium hexafluorophosphate (0.1 M)hesdupporting electrolyte under an argon
atmosphere at a scan rate of 100 mV/s. The potesftiAg/AgNO; reference electrode was
calibrated by using the ferrocene/ferrocenium redoxiple (Fc/Ft, which has a known
oxidation potential of +5.1 eV.

Optical spectra were obtained in &, solution (5-18 M) at ambient temperature using a
Shimadzu UV-2600 double-beam UV/Vis spectrophotemeta Varian Cary Eclipse

fluorescence spectrophotometer and a Hellma QSxilfbilprecision quartz cell.

5. General procedure for the synthesis of 6,7-bisaryd;12-dihydroindolo[3,2-

ajcarbazoles (3)

p-Toluenesulfonic acid monohydrate (0.38 g; 20.081%) was added to a solution of
indolel (2.92 g, 25.00 mmol) and the corresponding b&wit (10.00 mmol) in acetonitrile (25
ml), and the resulting mixture was refluxed forHdurs. The solution turned red, and the formed
precipitate of desired produBtwas filtered off, washed with 3 x 5 ml of EtOH dagried at 120
°C.

5.1 6,7-Diphenyl-5,12-dihydroindolo[3,2-a]carbazd[ga)

White powder (3.14 g, 77%), m.p. (321-322 °&).NMR (400 MHz, DMSOd) 5 11.86
(s, 1H), 10.75 (s, 1H), 8.71 (d= 7.8 Hz, 1H), 7.61 (dd] = 13.1, 8.0 Hz, 2H), 7.43 — 7.19 (m,
13H), 6.81 (td,J = 7.6, 7.1, 1.0 Hz, 1H), 6.53 (@= 8.0 Hz, 1H).

Compound3awas previously described in the literature ancitalytical data are identical
to the reported data [24].

5.2 6,7-Bis(4-methoxyphenyl)-5,12-dihydroindolo[3afcarbazole(3b)

White powder (3.75 g, 80%), m.p. (> 360 °&).NMR (500 MHz, DMSOs) & 11.80 (s,
1H), 10.66 (s, 1H), 8.68 (d,= 7.8 Hz, 1H), 7.60 (d] = 8.0 Hz, 1H), 7.57 (d] = 8.0 Hz, 1H),
7.37 (t,J=7.5Hz, 1H), 7.29 (1 = 7.4 Hz, 1H), 7.26 — 7.17 (m, 5H), 6.97 — 6.88 {iH), 6.84
(t, J = 7.5 Hz, 1H), 6.62 (dJ = 8.1 Hz, 1H), 3.79 (dJ = 15.3 Hz, 6H). Anal. Calcd for
Cs2H24N202: C, 82.0; H, 5.2; N, 6.0; Found: C, 81.9; H, 9N\36.1.

5.3 6,7-Bis(4-bromophenyl)-5,12-dihydroindolo[3,2earbazole(3c)

White powder (4.02 g, 71%), m.p. (> 360 °&).NMR (400 MHz, DMSOs) & 11.93 (s,
1H), 10.87 (s, 1H), 8.71 (d,= 7.8 Hz, 1H), 7.92 — 7.82 (m, 4H), 7.67 — 7.57 @H), 7.57 —
7.51 (m, 2H), 7.40 (t) = 7.6 Hz, 1H), 7.36 — 7.22 (m, 4H), 6.89J& 7.5 Hz, 1H), 6.61 (d] =
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7.9 Hz, 1H). Anal. Calcd for £gH1sBroNo: C, 63.6; H, 3.2; N, 4.95; Found: C, 63.9; H, 3\,
4.9.

6. General procedure for the synthesis of 5,12-alkyd;7-diaryl-5,12-
dihydroindolo[3,2-a]carbazoles (4)

The corresponding alkyl halide (3.00 mmol) was adtiethe ice-cooled suspension3f
(2.00 mmol) in a mixture of THF (8 ml) and DMSO 1f#), and then sodium hydride (0.14 g,
6.00 mmol) was added in small portions. The resglthixture was stirred for 3 hours at room
temperature. Then unreacted sodium hydride wasngeased with 2 ml of methanol, the
reaction mixture was diluted with water (20 ml)dahe formed precipitate was filtered off and
recrystallized from DMF (8 ml), washed with 2 x o EtOH and dried.

6.1 5,12-Dihexyl-6,7-diphenyl-5,12-dihydroindoloBa]carbazoleg4a)

White powder (0.49 g, 85%), m.p. (119-120 °&).NMR (500 MHz, Chlorofornd) & 8.43 (t,J

= 8.1 Hz, 1H), 7.52 — 7.40 (m, 3H), 7.35 — 7.23 {tH)), 7.20 (dtJ = 6.9, 2.1 Hz, 5H), 6.86
(ddd,J = 8.0, 7.0, 1.0 Hz, 1H), 6.43 (ddi= 8.0, 1.1 Hz, 1H), 4.94 — 4.88 (m, 2H), 3.74 673.
(m, 2H), 2.28 — 2.18 (m, 2H), 1.62 — 1.56 (m, 2HR2 — 1.31 (m, 7H), 1.23 — 1.12 (m, 2H),
1.12 — 1.02 (m, 2H), 0.95 — 0.88 (m, 3H), 0.84 #50(m, 5H).*C NMR (126 MHz,
Chloroformd) 6 141.1, 140.9, 140.3, 138.8, 138.2, 136.2, 1353,9, 130.3, 127.8, 127.3,
126.6, 126.5, 124.5, 124.1, 123.5, 122.4, 121.28,16, 119.11, 119.07, 118.1, 115.0, 109.5,
109.0, 107.3, 46.5, 44.6, 31.6, 31.4, 30.9, 2867hK,26.2, 22.6, 22.5, 14.01, 13.97. Anal. Calcd
for C42HaaN2: C, 87.45; H, 7.7; N, 4.9; Found: C, 87.6; H, N34.9.

6.2 5,12-Dibutyl-6,7-diphenyl-5,12-dihydroindolofBa]carbazoleg4b)
White powder (0.46 g, 89%), m.p. (182-183 °t§).NMR (500 MHz, Chlorofornd) & 8.43 (d,J
= 8.2 Hz, 1H), 7.49 — 7.38 (m, 3H), 7.36 — 7.23 @), 7.17 (dtJ = 12.1, 6.9 Hz, 6H), 6.86 (t,
J=7.6 Hz, 1H), 6.44 (d] = 8.0 Hz, 1H), 4.90 (1] = 8.0 Hz, 2H), 3.70 () = 8.2 Hz, 2H), 2.19
(p,J = 7.8 Hz, 2H), 1.58 (h] = 7.4 Hz, 2H), 1.42 (p] = 7.8 Hz, 2H), 1.03 (1) = 7.4 Hz, 3H),
0.82 (h,J = 7.5 Hz, 2H), 0.70 () = 7.3 Hz, 3H)*C NMR (126 MHz, Chlorofornd) 5 141.1,
140.9, 140.3, 138.8, 138.3, 136.2, 135.9, 131.0,313127.8, 127.3, 126.6, 126.5, 124.5, 124.1,
123.5, 122.4, 121.2, 121.1, 119.12, 119.08, 11B15,2, 109.5, 109.0, 107.4, 46.2, 44.4, 33.0,
30.8, 20.2, 19.8, 14.0, 13.6. Anal. Calcd fagHzsN2: C, 87.65; H, 7.0; N, 5.4; Found: C, 87.6;
H, 7.0; N, 5.3.

6.3 5,12-Dibenzyl-6,7-diphenyl-5,12-dihydroindolgP3a]carbazolg4c)
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Beige powder (0.46 g, 81%), m.p. (283-284 “E)NMR (400 MHz, Chlorofornd) 5 8.09 (d,J

= 8.2 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.48J& 7.5 Hz, 2H), 7.43 — 7.35 (m, 1H), 7.33 — 7.15 (m
9H), 7.15 — 6.97 (m, 7H), 6.97 — 6.84 (m, 3H), 6(88,J = 7.4, 2.1 Hz, 2H), 6.49 (d,= 8.0 Hz,
1H), 6.12 (s, 2H), 5.07 (s, 2HYC NMR (101 MHz, Chlorofornd) & 142.3, 141.3, 140.0, 138.7,
138.4, 137.84, 137.80, 137.4, 136.1, 131.8, 130232, 128.1, 127.8, 127.5, 127.1, 126.6,
126.5, 125.5, 124.9, 124.5, 124.1, 122.6, 121.2,912119.8, 119.7, 118.8, 115.6, 109.9, 109.8,
107.5, 50.9, 47.9. (2 signal (¢ was not found due to overlapping peaks). Analc€dor
CasHz2N2: C, 89.8; H, 5.5; N, 4.8; Found: C, 89.7; H, 9N\N4.6.

6.4 5,12-Diethyl-6,7-diphenyl-5,12-dihydroindoloBa]carbazole(4d)

White powder (4.27 g, 92%), m.p. (269—270 °&J.NMR (500 MHz, Chlorofornd) &
8.50 (dt,J = 8.3, 0.9 Hz, 1H), 7.52 (di,= 8.2, 0.8 Hz, 1H), 7.50 — 7.42 (m, 2H), 7.36 317(m,
2H), 7.31 — 7.15 (m, 11H), 6.88 (dd#i= 8.0, 7.1, 1.0 Hz, 1H), 6.45 (di,= 7.9, 0.9 Hz, 1H),
5.04 (g,J = 7.2 Hz, 2H), 3.82 (q] = 7.1 Hz, 2H), 1.85 (t) = 7.2 Hz, 3H), 0.98 (t) = 7.1 Hz,
3H).

Compound4d was previously described in the literature anditalytical data are identical
to the reported data [24].

6.5 5,12-Dimethyl-6,7-diphenyl-5,12-dihydroindolg3a]carbazolg4e)

White powder (3.84 g, 88%), m.p. (314—315 °&J.NMR (400 MHz, Chlorofornd) &
8.63 (d,J = 8.1 Hz, 1H), 7.48 (ddd},= 7.0, 5.3, 2.7 Hz, 2H), 7.41 (@~ 8.6 Hz, 1H), 7.33 (dtd,
J=8.2,7.0, 1.2 Hz, 2H), 7.32 — 7.14 (m, 4H), 6(86d,J = 8.1, 7.1, 1.1 Hz, 1H), 6.55 — 6.48
(m, 1H), 4.52 (s, 3H), 3.28 (s, 3H).

Compound4ewas previously described in the literature anduitalytical data are identical
to the reported data [24].

6.6 5,12-Dihexyl-6,7-bis(4-methoxyphenyl)-5,12-dilngindolo[3,2-a]carbazol€4f)

White powder (0.61 g, 96%), m.p. (178-179 °&). NMR (400 MHz, DMSOds) & 8.34
(d,J=8.2 Hz, 1H), 7.53 (d] = 8.2 Hz, 1H), 7.48 — 7.36 (m, 2H), 7.29 — 7.18 2#), 7.07 (d,)
= 8.3 Hz, 2H), 6.97 (d] = 8.4 Hz, 2H), 6.82 — 6.74 (m, 1H), 6.74 Jd; 8.5 Hz, 2H), 6.68 (d]
= 8.5 Hz, 2H), 6.30 (dJ = 7.9 Hz, 1H), 4.90 () = 7.9 Hz, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 3.66
(g,J=8.1, 7.5 Hz, 2H), 2.02 (8,= 7.5 Hz, 2H), 1.51 — 1.39 (m, 2H), 1.38 — 1.22 Gid), 1.16
(p, J = 7.0 Hz, 2H), 1.05 (pJ = 7.0 Hz, 2H), 0.89 — 0.73 (m, 8HYC NMR (126 MHz,
Chloroformd) & 158.2, 158.0, 141.1, 140.9, 138.6, 136.1, 1363@,74, 132.66, 131.2, 131.0,
124.6, 124.0, 123.4, 122.3, 121.3, 121.2, 119.9,011118.2, 115.5, 113.2, 112.7, 109.5, 108.9,
107.2, 55.1, 55.0, 46.5, 44.6, 31.6, 31.4, 30.97,286.5, 26.4, 22.6, 22.5, 13.99, 13.95. Anal.

Calcd for G4H4gN2Os: C, 83.0; H, 7.6; N, 4.4; Found: C, 82.8; H, N84.5.
13



6.7 6,7-Bis(4-bromophenyl)-5,12-dihexyl-5,12-dihydnrdolo[3,2-a]carbazolg4qg)
Beige powder (0.41 g, 56%), m.p. (184-185 “E) NMR (400 MHz, Chlorofornd) § 8.42 (d,J
= 8.2 Hz, 1H), 7.54 — 7.46 (m, 2H), 7.46 — 7.39 @H), 7.39 — 7.30 (m, 4H), 7.16 — 7.08 (m,
2H), 7.12 — 7.00 (m, 2H), 6.97 — 6.89 (m, 1H), 6(d9J = 7.9 Hz, 1H), 4.95 — 4.86 (m, 2H),
3.74 — 3.66 (m, 2H), 2.27 — 2.14 (m, 2H), 1.62521(m, 3H), 1.49 — 1.29 (m, 6H), 1.27 — 1.13
(m, 2H), 1.13 — 1.02 (m, 2H), 0.91 Jt= 7.1 Hz, 3H), 0.88 — 0.78 (m, 5HJC NMR (126 MHz,
Chloroformd) & 141.1, 140.9, 139.0, 138.0, 137.6, 136.4, 13433.4, 132.0, 131.3, 130.6,
124.4, 124.1, 123.9, 122.4, 121.1, 120.97, 12(199,38, 119.37, 119.36, 116.5, 114.8, 109.6,
109.2, 107.7, 46.5, 44.7, 31.6, 31.2, 30.8, 28675,26.3, 22.6, 22.5, 13.98, 13.99. Anal. Calcd
for C4oH42BroNo: C, 68.7; H, 5.8; N, 3.8; Found: C, 68.7; H, Ng4.1.

7. General procedure for the synthesis of 5,12-dialky6,7-diaryl-5,12-
dihydroindolo[3,2-a]carbazole-2,9-dicarbaldehydes (5)

1,1-Dichloromethyl methyl ether (0.28 ml, 3.00 mjnelas added dropwise to the cooled
to -20 °C solution oft (1.00 mmol) and Sn¢(0.47 ml, 4.00 mmol) in dichloromethane (20 ml),
and the resulting solution was incubated for 1 hdte reaction mixture turned red. Then water
(50 ml) was added, and the mixture was stirredOtér hours until discoloration. The organic
phase was separated, the solvent was distilledaoft, the resulting residue of prodd&civas
recrystallized from DMF (8-10 ml), washed with %>l of EtOH and dried at 120 °C.

7.1 5,12-Dihexyl-6,7-diphenyl-5,12-dihydroindolof3a]carbazole-2,9-dicarbaldehyde
(5a)
White powder (0.45 g, 71%), m.p. (213-214 °&).NMR (400 MHz, Chlorofornd) & 10.17 (s,
1H), 9.59 (s, 1H), 8.97 (d,= 1.4 Hz, 1H), 8.03 (dd] = 8.5, 1.3 Hz, 1H), 7.94 (dd,= 8.6, 1.6
Hz, 1H), 7.60 (d,) = 8.6 Hz, 1H), 7.54 (d] = 8.6 Hz, 1H), 7.32 (ddd,= 18.5, 4.2, 2.0 Hz, 5H),
7.26 — 7.15 (m, 5H), 6.80 (d,= 1.5 Hz, 1H), 5.09 — 4.94 (m, 2H), 3.87 — 3.62 &H), 2.41 —
2.22 (m, 2H), 1.73 (p] = 7.4 Hz, 2H), 1.53 — 1.30 (m, 6H), 1.26 — 1.12 2id), 1.14 — 1.01 (m,
2H), 0.91 (tJ = 7.1 Hz, 3H), 0.87 — 0.76 (m, 5HC NMR (101 MHz, Chlorofornd) & 191.8,
191.3, 1445, 144.3, 139.24, 139.19, 137.7, 13¥38.4, 131.6, 129.9, 129.0, 128.9, 128.3,
127.6, 127.21, 127.17, 126.9, 126.5, 125.4, 1231923,89, 120.9, 119.6, 116.2, 109.8, 109.4,
107.8, 46.7, 45.0, 31.7, 31.30, 31.27 , 28.7, 28631, 22.5, 22.4, 14.0, 13.9. Anal. Calcd for
C44HaaN2O2: C, 83.5; H, 7.0; N, 4.4; Found: C, 83.7; H, N1 4.6.

7.2  5,12-Dibutyl-6,7-diphenyl-5,12-dihydroindolo[Ba]carbazole-2,9-dicarbaldehyde

(5b)
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White powder (0.39 g, 68%), m.p. (206-207 °&).NMR (400 MHz, Chlorofornd) & 10.16 (s,
1H), 9.58 (s, 1H), 8.97 (d,= 1.5 Hz, 1H), 8.06 — 7.98 (m, 1H), 7.94 (dd&; 8.6, 1.6 Hz, 1H),
7.59 (d,J = 8.7 Hz, 1H), 7.54 (d] = 8.6 Hz, 1H), 7.42 — 7.13 (m, 10H), 6.80 d; 1.6 Hz, 1H),
5.06 — 4.97 (m, 2H), 3.84 — 3.75 (m, 2H), 2.34212m, 2H), 1.82 — 1.67 (m, 2H), 1.47 (bs

8.1 Hz, 2H), 1.10 (t) = 7.3 Hz, 3H), 0.87 (h] = 7.1, 6.6 Hz, 2H), 0.74 (8,= 7.2 Hz, 3H)*C
NMR (126 MHz, Chlorofornd) 6 191.8, 191.4, 144.6, 144.4, 139.3, 139.2, 13738,2, 136.4,
131.6, 129.9, 129.0, 128.9, 128.3, 127.6, 127.24,.18, 127.0, 126.6, 125.4, 124.0, 123.9,
121.0, 119.6, 116.2, 109.8, 109.5, 107.9, 46.68,433.4, 30.8, 20.0, 19.8, 14.0, 13.6. Anal.
Calcd for GoHzeN202: C, 83.3; H, 6.3; N, 4.9; Found: , 83.3; H, 6.R54.8.

7.3 5,12-Dibenzyl-6,7-diphenyl-5,12-dihydroindol¢?3a]carbazole-2,9-dicarbaldehyde
(5¢)
White powder (0.37 g, 55%), m.p. (304-305 °&J.NMR (400 MHz, Chlorofornd) & 9.62 (s,
1H), 9.48 (s, 1H), 8.50 (d,= 1.4 Hz, 1H), 7.87 (ddd, = 8.5, 5.1, 1.5 Hz, 2H), 7.59 — 7.48 (m,
4H), 7.42 (ddJ = 22.2, 7.9 Hz, 2H), 7.36 — 7.28 (m, 4H), 7.23.687(m, 6H), 7.02 — 6.93 (m,
4H), 6.90 (d,J = 1.5 Hz, 1H), 6.55 — 6.47 (m, 2H), 6.23 (s, 25i)14 (s, 2H)*C NMR (101
MHz, Chloroformd) & 191.9, 191.5, 145.7, 144.8, 139.6, 138.9, 13734,.2, 137.0, 136.69,
136.66, 131.5, 129.9, 129.63, 129.58, 128.4, 18,2, 127.35, 127.27, 127.1, 127.0, 126.6,
126.1, 125.2, 124.7, 124.6, 124.5, 120.4, 120.8,711110.5, 110.2, 107.9, 50.8, 48.3. Anal.
Calcd for GeH32N202: C, 85.7; H, 5.0; N, 4.3; Found: C, 85.5; H, 5\l 4.6.

7.4  5,12-Diethyl-6,7-diphenyl-5,12-dihydroindolofBa]carbazole-2,9-dicarbaldehyde
(5d)
White powder (0.32 g, 59%), m.p. (315-316 °&).NMR (400 MHz, Chlorofornd) & 10.18 (s,
1H), 9.60 (s, 1H), 9.06 (d,= 1.4 Hz, 1H), 8.03 (dd] = 8.6, 1.4 Hz, 1H), 7.96 (dd,= 8.6, 1.6
Hz, 1H), 7.63 (d)) = 8.6 Hz, 1H), 7.56 (d] = 8.5 Hz, 1H), 7.38 — 7.31 (m, 5H), 7.30 — 7.18 (m
5H), 6.82 (dJ = 1.6 Hz, 1H), 5.14 (g] = 7.2 Hz, 2H), 3.90 (q] = 7.1 Hz, 2H), 1.96 () = 7.2
Hz, 3H), 1.04 (tJ = 7.1 Hz, 3H).*C NMR (126 MHz, Chlorofornd) & 191.9, 191.6, 144.4,
144.1, 139.24, 139.18, 137.7, 137.2, 136.4, 13129,.9, 129.2, 129.0, 128.3, 127.6, 127.3,
127.2, 127.0, 126.8, 125.4, 124.15, 124.09, 12119,6, 116.3, 109.8, 109.3, 107.9, 41.6, 39.5,
16.6, 14.1. Anal. Calcd for §H2gN20,: C, 83.05; H, 5.4; N, 5.4; Found: C, 83.1; H, 9\;
5.35.

7.5 5,12-Dimethyl-6,7-diphenyl-5,12-dihydroindolgfBa]carbazole-2,9-dicarbaldehyde
(5e)
White powder (0.30 g, 61%), m.p. (284-285 °&).NMR (400 MHz, Chlorofornd) & 10.16 (s,

1H), 9.62 (s, 1H), 9.16 (d, = 1.5 Hz, 1H), 7.99 (ddd} = 23.7, 8.6, 1.5 Hz, 2H), 7.55 (dii=
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27.7, 8.6 Hz, 2H), 7.36 (dd1,= 5.6, 3.9, 2.2 Hz, 3H), 7.35 — 7.17 (m, 7H), 6(89) = 1.6 Hz,
1H), 4.65 (s, 3H), 3.35 (s, 3H)°C NMR (126 MHz, Chlorofornd) & 191.9, 191.7, 145.40,
145.36, 140.3, 139.0, 137.6, 137.1, 137.0, 1320,91 129.0, 128.9, 128.3, 127.5, 127.3, 127.2,
126.8, 126.6, 125.4, 124.3, 124.0, 120.7, 119.8,111109.5, 109.4, 107.7, 35.7, 33.5. Anal.
Calcd for G4H24N20,: C, 82.9; H, 4.9; N, 5.7; Found: C, 82.8; H, N95.6.

7.6 5,12-Dihexyl-6,7-bis(4-methoxyphenyl)-5,12-dilngindolo[3,2-a]carbazole-2,9-
dicarbaldehydg5f)
Cream powder (0.54 g, 78%), m.p. (225-226 “E).NMR (500 MHz, DMSOsdg) & 10.10 (s,
1H), 9.56 (s, 1H), 8.88 (d,= 1.3 Hz, 1H), 7.97 (dd] = 8.6, 1.3 Hz, 1H), 7.81 (dd,= 8.6, 1.6
Hz, 1H), 7.76 (dJ = 8.6 Hz, 1H), 7.69 (d] = 8.6 Hz, 1H), 7.18 — 7.12 (m, 2H), 7.08 — 7.01 (m
2H), 6.90 — 6.84 (m, 2H), 6.81 — 6.77 (m, 2H), (@A) = 1.5 Hz, 1H), 5.02 () = 8.0 Hz, 2H),
3.83 (s, 3H), 3.81 — 3.74 (m, 5H), 2.10 Jp; 8.0 Hz, 2H), 1.62 (p] = 7.4 Hz, 2H), 1.44 — 1.26
(m, 6H), 1.21 — 1.14 (m, 2H), 1.12 — 1.04 (m, 16184 (dt,J = 18.1, 7.2 Hz, 8H)}*C NMR
(126 MHz, Chloroformd) 6 191.9, 191.3, 158.7, 158.6, 144.6, 144.3, 13®87,4], 136.3, 132.4,
131.6, 130.9, 129.8, 129.0, 128.8, 127.2, 126.8,412124.0, 123.7, 121.0, 119.7, 116.7, 113.8,
113.1, 109.8, 109.4, 107.8, 55.3, 55.2, 46.7, 4%107 , 31.31, 31.32, 28.8, 26.28, 26.35, 22.6,
22.5, 14.0, 13.9. Anal. Calcd fongi1gN2O4: C, 79.7; H, 7.0; N, 4.0; Found: C, 79.8; H, 6\9;
4.1.

7.7 6,7-Bis(4-bromophenyl)-5,12-dihexyl-5,12-dihgindolo[3,2-a]carbazole-2,9-
dicarbaldehydg5g)
Cream powder (0.68g, 86%), m.p. (253-254 “€).NMR (400 MHz, DMSOds) & 10.12 (s,
1H), 9.60 (s, 1H), 8.92 (d, = 1.4 Hz, 1H), 8.01 (dd] = 8.5, 1.2 Hz, 1H), 7.85 — 7.82 (m, 2H),
7.75 (d,J = 8.6 Hz, 1H), 7.59 — 7.53 (m, 2H), 7.49 — 7.42 2H), 7.31 — 7.23 (m, 2H), 7.19 —
7.10 (m, 2H), 6.76 (d] = 1.4 Hz, 1H), 5.06 (f) = 7.9 Hz, 2H), 3.89 — 3.73 (m, 2H), 2.23 — 1.99
(m, 2H), 1.64 — 1.56 (m, 2H), 1.45 — 1.27 (m, 6HR6 — 1.14 (m, 2H), 1.13 — 1.03 (m, 2H),
0.88 — 0.82 (m, 8H)}*C NMR (126 MHz, Chlorofornd) § 191.6, 191.3, 144.6, 144.4, 139.1,
137.9, 136.6, 136.5, 135.6, 133.1, 131.7, 131.6,013129.2, 129.1, 126.9, 126.6, 125.4, 124.1,
123.5, 121.7, 121.6, 120.8, 118.1, 116.0, 109.9,7,0108.2, 46.8, 45.2, 31.7, 31.30, 31.26,
28.8, 26.3, 26.2, 22.55, 22.49, 13.98, 13.94. ABalcd for G4H42BroN,O,: C, 66.8; H, 5.35; N,
3.5; Found: C, 66.8; H, 5.4; N, 3.55.

8. General procedure for the synthesis of 1,1'-(5,1@lkyl-6,7-diaryl-5,12-
dihydroindolo[3,2-a]carbazole-2,9-diyl)bis(ethan-1-one)s (6)
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Acetyl chloride (0.21 ml, 3.00 mmol) was added avige to the ice-cooled solution df
(2 mmol) and AIC4 (0.53 g, 4.00 mmol) in dichloromethane (20 ml)d &he resulting solution
was incubated for 1 hour. The reaction mixture edrred. Then 50 ml of water was added, and
the mixture was stirred for 0.5 hours until disecatmn. The organic phase was separated, the
solvent was distilled off, and the resulting resicii product6 was recrystallized from DMF (8-
10 ml), washed with 2 x 5 ml of EtOH and dried 20 £C.

8.1 1,1'-(5,12-Dihexyl-6,7-diphenyl-5,12-dihydrointb[3,2-a]carbazole-2,9-diyl)bis(ethan-1-
one)(6a)

White powder (0.50 g, 76%), m.p. (208-209 °t8).NMR (400 MHz, Chlorofornd) § 9.18 (d,J

= 1.6 Hz, 1H), 8.11 (ddl = 8.7, 1.4 Hz, 1H), 8.05 (dd,= 8.7, 1.7 Hz, 1H), 7.53 (d,= 8.8 Hz,
1H), 7.45 (d,J = 8.7 Hz, 1H), 7.39 — 7.28 (m, 6H), 7.24 (dd; 4.5, 2.1 Hz, 4H), 6.96 (d,= 1.7
Hz, 1H), 5.02 (tJ = 7.9 Hz, 2H), 3.92 — 3.60 (m, 2H), 2.77 (s, 3H27 — 2.15 (m, 2H), 2.19 (s,
3H), 1.65 (gJ = 7.7 Hz, 2H), 1.47 (] = 8.5 Hz, 2H), 1.42 — 1.28 (m, 4H), 1.27 — 1.14 2),
1.09 (p,Jd = 6.9 Hz, 2H), 0.92 — 0.72 (m, 10HYC NMR (126 MHz, Chlorofornd) & 197.8,
197.2, 143.69, 143.66, 139.7, 139.1, 137.9, 13863K.4, 131.6, 130.1, 129.2, 129.0, 128.1,
127.5, 127.1, 127.0, 125.5, 123.92, 123.87, 12B28.3, 120.8, 119.1, 116.2, 109.0, 108.8,
108.1, 46.7, 44.9, 31.7, 31.3, 31.2, 28.7, 26.72,286.1, 26.0, 22.5, 22.4, 13.99, 13.92. Anal.
Calcd for GeHagN20O2: C, 83.6; H, 7.3; N, 4.2; Found: C, 83.5; H, N44.5.

8.2 1,1'-(5,12-Dibutyl-6,7-diphenyl-5,12-dihydrointb[3,2-a]carbazole-2,9-diyl)bis(ethan-1-
one)(6b)

White powder (0.44g, 72%), m.p. (257-258 °&J.NMR (500 MHz, Chloroformd) & 9.20 (d,J

= 1.6 Hz, 1H), 8.11 (ddl = 8.8, 1.5 Hz, 2H), 8.05 (dd,= 8.7, 1.7 Hz, 1H), 7.54 (d,= 8.7 Hz,
1H), 7.45 (dJ = 8.7 Hz, 1H), 7.40 — 7.29 (m, 5H), 7.25 (s, 3HRO — 7.22 (m, 2H), 6.97 (d,=

1.7 Hz, 1H), 5.03 (&) = 7.9 Hz, 2H), 3.82 — 3.75 (m, 2H), 2.77 (s, 3MP9 — 2.21 (m, 5H), 2.19
(s, 3H), 1.77 = 1.61 (m, 2H), 1.46 (b= 7.7 Hz, 2H), 1.06 () = 7.3 Hz, 3H), 0.87 (q) = 7.5
Hz, 2H), 0.74 (tJ = 7.3 Hz, 3H).*C NMR (126 MHz, Chlorofornd) & 197.8, 197.3, 143.7,
139.7, 139.1, 137.88, 137.86, 136.7, 136.4, 13131, 129.1, 129.0, 128.1, 127.5, 127.1,
127.0, 125.6, 123.91, 123.86, 123.7, 123.3, 1218,1, 116.2, 109.0, 108.8, 108.1, 46.5, 44.7,
33.4, 30.8, 26.7, 26.0, 20.0, 19.8, 14.0, 13.6.1A@Galcd for GoH4oN.O,: C, 83.4; H, 6.7; N,
4.6; Found: C, 83.3; H, 6.7; N, 4.8.

8.3 1,1'-(5,12-Diethyl-6,7-diphenyl-5,12-dihydroiotb[3,2-a]carbazole-2,9-

diyl)bis(ethan-1-one)6d)
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White powder (0.37 g, 78%), m.p. (264-265 °@). NMR (400 MHz, Chloroformd) &
9.26 (d,J = 1.6 Hz, 1H), 8.14 (dd} = 8.7, 1.5 Hz, 1H), 8.07 (dd,= 8.6, 1.8 Hz, 1H), 7.57 (dd,
= 8.7, 4.4 Hz, 1H), 7.48 (d,= 8.7 Hz, 1H), 7.42 — 7.26 (m, 5H), 7.30 — 7.17 &M), 6.98 (d)
= 1.7 Hz, 1H), 5.12 (gq) = 7.2 Hz, 2H), 3.88 (q] = 7.1 Hz, 2H), 2.79 (s, 3H), 2.20 (s, 3H), 2.02
—1.90 (m, 3H), 1.04 (q] = 7.2 Hz, 3H).*C NMR (151 MHz, Chlorofornd) & 197.9, 197.5,
143.5, 143.4, 139.7, 139.0, 138.0, 136.8, 136.5,613.30.1, 129.3, 129.2, 128.3, 127.6, 127.3,
127.1, 125.5, 124.2, 124.0, 123.9, 123.5, 120.9,211116.2, 109.0, 108.8, 108.1, 41.6, 39.4,
26.8, 26.1, 16.6, 14.1. Anal. Calcd fogsB3.N.0,: C, 83.2; H, 5.9; N, 5.1; Found: C, 83.3; H,
5.75; N, 5.15.

8.4 1,1'-(5,12-Dimethyl-6,7-diphenyl-5,12-dihydralolo[3,2-a]carbazole-2,9-
diyl)bis(ethan-1-one)6e)

White powder (0.37 g, 71%), m.p. (323-324 °@). NMR (400 MHz, Chloroformd) &
9.37 (d,J = 1.6 Hz, 1H), 8.12 (dd] = 8.7, 1.6 Hz, 1H), 8.08 (dd,= 8.6, 1.7 Hz, 1H), 7.52 (d,
= 8.7 Hz, 1H), 7.43 (d) = 8.7 Hz, 1H), 7.40 — 7.35 (m, 2H), 7.32 — 7.24 8H), 7.04 (dJ =
1.7 Hz, 1H), 4.63 (s, 3H), 3.34 (s, 3H), 2.78 (!),32.22 (s, 3H).”°*C NMR (101 MHz,
Chloroformd) & 197.9, 197.5, 144.7, 144.5, 140.1, 139.5, 13739,.2, 136.5, 132.0, 130.1,
129.3, 129.1, 128.2, 127.5, 127.14, 127.11, 12524.3, 123.9, 123.7, 123.5, 120.5, 119.3,
116.2, 108.9, 108.7, 107.9, 35.6, 33.3, 26.7, 2&n@l. Calcd for @GeH2sN2O,: C, 83.05; H, 5.4;
N, 5.4; Found: C, 83.1; H, 5.4; N, 5.2.

8.5 1,1'-(6,7-Bis(4-bromophenyl)-5,12-dihexyl-5, Hiydroindolo[3,2-a]carbazole-2,9-
diyl)bis(ethan-1-one)6f)
White powder (0.72 g, 88%), m.p. (266-267 °&).NMR (400 MHz, DMSOds) & 9.05 (d,J =
1.6 Hz, 1H), 8.10 (ddj = 8.7, 1.4 Hz, 1H), 7.89 (dd,= 8.7, 1.7 Hz, 1H), 7.68 (d,= 8.8 Hz,
1H), 7.63 (d,J = 8.8 Hz, 1H), 7.61 — 7.53 (m, 2H), 7.50 — 7.39 @H), 7.33 — 7.26 (m, 2H),
7.21 - 7.12 (m, 2H), 6.78 (d,= 1.7 Hz, 1H), 5.02 (t) = 7.7 Hz, 2H), 3.87 — 3.70 (m, 2H), 2.71
(s, 3H), 2.19 (s, 3H), 2.07 (d=8.5 Hz, 2H), 1.57 () = 7.8 Hz, 2H), 1.39 (d] = 16.0 Hz, 2H),
1.32 — 1.16 (m, 6H), 1.14 — 1.02 (m, 2H), 0.84 {te; 7.0, 3.7 Hz, 8H)**C NMR (101 MHz,
Chloroform4d) 6 197.5, 197.1, 143.67, 143.66, 138.9, 138.4, 1383®8,6, 135.1, 133.1, 131.8,
131.6, 131.0, 129.4, 129.2, 125.8, 124.2, 123.8,41222.9, 121.6, 121.5, 120.7, 117.5, 116.1,
109.2, 109.0, 108.5, 46.7, 45.1, 31.6, 31.3, 3288, 26.7, 26.25, 26.18, 25.8, 22.50, 22.45,
13.96, 13.94. Anal. Calcd fors€H46Br.N2O.: C, 67.5; H, 5.7; N, 3.4; Found: C, 67.5; H, 9\7;
3.6.
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8.6 1,1'-(6,7-Bis(4-methoxyphenyl)-5,12-dihexyl-2;flihydroindolo[3,2-a]carbazole-2,9-
diyl)bis(ethan-1-one)6g)
White powder (0.53 g, 73%), m.p. (208-209 °&).NMR (500 MHz, DMSO#ds) 5 9.05 (d,J =
1.6 Hz, 1H), 8.08 (dd] = 8.7, 1.4 Hz, 1H), 7.87 (dd,= 8.7, 1.7 Hz, 1H), 7.64 (d,= 8.7 Hz,
1H), 7.59 (d,J = 8.7 Hz, 1H), 7.23 — 7.17 (m, 2H), 7.12 — 7.06 @H), 6.96 — 6.89 (m, 2H),
6.84 — 6.77 (m, 3H), 5.02 @,= 7.8 Hz, 2H), 3.81 (s, 3H), 3.80 — 3.68 (m, 5AY,1 (s, 3H), 2.15
(s, 3H), 2.06 (q) = 7.8 Hz, 2H), 1.56 (q] = 7.7 Hz, 2H), 1.39 (d] = 6.6 Hz, 2H), 1.35 — 1.13
(m, 6H), 1.13 — 1.03 (m, 2H), 0.93 — 0.75 (m, 8H& NMR (101 MHz, Chlorofornd) § 197.7,
197.2, 158.56, 158.52, 143.7, 139.5, 136.98, 136198.3, 132.5, 132.1, 131.1, 130.1, 129.1,
128.9, 125.5, 124.0, 123.8, 123.7, 123.4, 120.8,211116.8, 113.7, 113.0, 109.0, 108.8, 108.1,
55.3, 55.1, 46.7, 44.9, 31.7, 31.3, 31.2, 28.77,286.3, 26.2, 25.9, 22.48, 22.47, 13.98, 13.91.
Anal. Calcd for GgHs,NO4: C, 80.0; H, 7.3; N, 3.9; Found: C, 79.9; H, 7.R53.9.

9. General procedure for the synthesis of 2,2'-((5,18wlkyl-6,7-diaryl-5,12-
dihydroindolo[3,2-a]carbazole-2,9-diyl)bis(methaneylylidene))dimalonottriles (7)

Dicarbaldehydées (0.50 mmol) and malononitrile (0.13 g, 2.00 mmakre added in a
mixture of DMF (3 ml), AcOH (2 ml) and pyrroliding.17 ml, 2.00 mmol), the resulting
solution was refluxed for 2 hours. Then the reactioixture was cooled, and the formed
precipitate was filtered off and crystallized fraaMF (3 ml), washed with 2 x 2 ml EtOH and
dried at 120 °C to give the desired prodiict

9.1 2,2'-((5,12-Dihexyl-6,7-diphenyl-5,12-dihydradolo[3,2-a]carbazole-2,9-
diyl)bis(methaneylylidene))dimalononitrile (7a)

Orange powder (0.30 g, 83%), m.p. (253-254 *B)NMR (500 MHz, Chlorofornd) & 8.90 (d,
J=1.7 Hz, 1H), 8.38 (dd] = 8.9, 1.9 Hz, 1H), 8.14 (dd,= 8.8, 1.6 Hz, 1H), 7.91 (s, 1H), 7.64
(d, J = 8.9 Hz, 1H), 7.55 (d] = 8.8 Hz, 1H), 7.40 — 7.31 (m, 3H), 7.30 — 7.26 @H), 7.20 —
7.12 (m, 2H), 6.44 (d] = 1.9 Hz, 1H), 5.05 () = 7.4 Hz, 2H), 3.83 — 3.70 (m, 2H), 2.16 — 2.01
(m, 2H), 1.53 — 1.44 (m, 2H), 1.44 — 1.36 (m, 2HB3 — 1.16 (m, 6H), 1.15 — 1.04 (m, 2H),
0.90 — 0.77 (m, 8H)Y*C NMR (101 MHz, Chlorofornd) & 160.5, 160.1, 144.5, 144.4, 139.5,
138.7, 137.8, 137.0, 136.3, 131.4, 129.7, 129.8,4,2127.74 , 127.66, 127.56, 127.51, 127.1,
124.3, 124.0, 123.01, 122.96, 121.5, 120.5, 1161%,0, 114.9, 114.1, 113.7, 110.73, 110.72,
107.8, 46.6, 45.2, 31.4, 31.2, 30.6, 28.9, 26.40,282.45, 22.38, 13.87, 13.86. Anal. Calcd for
CsoHaaNe: C, 82.4; H, 6.1; N, 11.5; Found: C, 82.3; H, ;N911.7.
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9.2 2,2'-((5,12-Dibutyl-6,7-diphenyl-5,12-dihydrailolo[3,2-a]carbazole-2,9-
diyl)bis(methaneylylidene))dimalononitrilé7b)
Orange powder (0.51 g, 76%), m.p. (281-282 *B)NMR (500 MHz, Chlorofornd) & 8.95 (d,
J=1.7 Hz, 1H), 8.39 (ddl = 9.0, 1.9 Hz, 1H), 8.13 — 8.07 (m, 1H), 7.911¢d), 7.64 (dJ =9.0
Hz, 1H), 7.55 (dJ = 8.8 Hz, 1H), 7.41 — 7.27 (m, 3H), 7.30 — 7.25 @id), 7.20 — 7.14 (m, 2H),
6.44 (d,J = 1.9 Hz, 1H), 5.08 () = 7.2 Hz, 2H), 3.83 — 3.76 (m, 1H), 2.10 — 2.03 2H), 1.51
—1.43 (m, 2H), 1.39 (@l = 7.5 Hz, 2H), 0.95 (t) = 7.4 Hz, 3H), 0.86 (q] = 7.5 Hz, 2H), 0.75
(t, J = 7.2 Hz, 3H).*C NMR (126 MHz, Chlorofornd) & 160.6, 160.2, 144.59, 144.56, 139.7,
138.7, 137.9, 137.1, 136.4, 131.5, 129.7, 129.8.512127.9, 127.7, 127.60, 127.57, 126.9,
124.4, 124.1, 123.07, 123.05, 121.7, 120.6, 11618,1, 114.9 , 114.2, 113.8, 110.8, 110.7,
107.9, 46.5, 45.1, 32.8, 31.0, 20.2, 19.8, 13.%.18nal. Calcd for GgHseNs: C, 82.1; H, 5.4; N,
12.5; Found: C, 82.1; H, 5.4; N, 12.4.

10.General procedure for the synthesis of 5,12-dialky®,7-diphenyl-2,9-
di(quinoxalin-2-yl)-5,12-dihydroindolo[3,2-a]carbazoles (8) and 2,9-
bis(benzop]quinoxalin-2-yl)-5,12-dialkyl-6,7-diphenyl-5,12-dhydroindolo[3,2-
aJcarbazoles (9)
Diacetyl derivatives (0.25 mmol), Se®(0.06 g, 0.50 mmol), 1,4-dioxane (5 ml), angDH
(50 ul) were placed in a 10 ml microwave reaction vidie resulting mixture was irradiated for
0.5 h (200 W) at 150 °C. Then the black precipitat elemental Se was filtered off, and the
bright yellow filtrate was used in the next stag&henylenediamine (0.08 g, 0.7 mmol) or 2,3-
diaminonaphthalene (0.12 g, 0.75 mmol) and glagieDH (0.75 ml) were added to the
previously obtained filtrate, and the resultingusioin was refluxed for an hour. After cooling the
reaction mixture, the precipitate of prod@cor 9 was separated by filtration and recrystallized
from DMF (10 ml), washed with 2 x 2 ml EtOH andedtiat 120 ° C.

10.1 5,12-Dihexyl-6,7-diphenyl-2,9-di(quinoxalin®)-5,12-dihydroindolo[3,2-
ajcarbazole(8a)
Yellow powder (0.49 g, 59%), m.p. (220-221 °&).NMR (500 MHz, Chlorofornd) & 9.49 (s,
1H), 9.43 (dJ = 1.6 Hz, 1H), 8.80 (s, 1H), 8.38 (dil= 8.6, 1.8 Hz, 1H), 8.27 (dd,= 8.6, 1.5
Hz, 1H), 8.21 (dd) = 8.2, 1.4 Hz, 2H), 8.15 (dd,= 8.3, 1.4 Hz, 1H), 8.04 (td,= 8.8, 1.4 Hz,
2H), 7.85 — 7.56 (m, 6H), 7.50 — 7.19 (m, 10H),37(d,J = 1.8 Hz, 1H), 5.14 () = 7.9 Hz,
2H), 3.84 — 3.77 (m, 2H), 2.32 @,= 7.8 Hz, 2H), 1.68 (dt) = 15.3, 7.7 Hz, 2H), 1.54 — 1.48
(m, 2H), 1.31 (qJ = 7.8 Hz, 2H), 1.27 — 1.06 (m, 6H), 0.90 — 0.79 &), 0.71 (tJ = 7.3 Hz,
3H). *C NMR (126 MHz, Chlorofornd) & 152.8, 152.3, 143.6, 143.2, 142.5, 142.3, 142.24,
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142.16, 141.1, 140.8, 140.0, 139.0, 138.2, 13&%,5 131.7, 130.2, 130.0, 129.7, 129.3, 129.2,
129.1, 128.8, 128.5, 128.3, 128.1, 127.50, 127128,10, 127.07, 124.5, 123.8, 123.4 122.6,
121.9, 120.6, 118.8, 115.9, 109.9, 107.9, 46.9,431.6, 31.33, 31.29, 28.7, 26.5, 26.2, 22.44,
22.38, 13.9, 13.8. (2 signal (¢ was not found due to overlapping peaks). Analc€dor
CsgHsoNg: C, 83.6; H, 6.3; N, 10.1; Found: C, 83.75; H,;&310.1.

10.2 5,12-Dibutyl-6,7-diphenyl-2,9-di(quinoxalin-2h-5,12-dihydroindolo[3,2-
a]carbazole(8b)
Yellow powder (0.60 g, 77%), m.p. (175-176 °).NMR (500 MHz, Chlorofornd) & 9.50 (s,
1H), 9.44 (dJ = 1.6 Hz, 1H), 8.81 (s, 1H), 8.39 (dil= 8.6, 1.8 Hz, 1H), 8.29 (dd,= 8.6, 1.5
Hz, 1H), 8.21 (ddJ = 8.3, 1.4 Hz, 2H), 8.16 (dd,= 8.3, 1.4 Hz, 1H), 8.09 — 7.98 (m, 2H), 7.86
—7.58 (m, 6H), 7.50 — 7.21 (m, 10H), 7.14 & 1.8 Hz, 1H), 5.17 () = 7.9 Hz, 2H), 3.95 -
3.68 (m, 2H), 2.35 (p] = 7.9 Hz, 2H), 1.77 (q] = 7.6 Hz, 2H), 1.51 (p] = 8.0 Hz, 2H), 1.00 (t,
J = 7.4 Hz, 3H), 0.90 (hJ = 7.3 Hz, 2H), 0.76 (tJ = 7.3 Hz, 3H).'*C NMR (101 MHz,
Chloroformd) & 152.7, 152.0, 143.4, 143.0, 142.9, 142.4, 14242.Q, 139.9, 139.1, 138.2,
136.7, 136.5, 131.7, 130.24, 130.18, 130.0, 1209,0, 128.9, 128.71, 128.68, 128.5, 128.3,
128.0, 127.9, 127.5, 127.1, 127.0, 124.5, 123.Q.6/ 123.57, 122.5, 121.9, 120.8, 118.9,
115.9, 110.0, 108.0, 46.4, 44.7, 33.5, 30.9, 21018, 14.1, 13.6. (2 signal (¢ was not found
due to overlapping peaks). Anal. Calcd fgyHisNe: C, 83.5; H, 5.7; N, 10.8; Found: C, 83.4;
H, 5.7; N, 11.0.

10.3 2,9-Bis(benzo[g]quinoxalin-2-yl)-5,12-dihexgl7-diphenyl-5,12-dihydroindolo[3,2-

a]Jcarbazole(9a)

Dark orange powder (0.60 g, 64%), m.p. (282-283 *8)NMR (500 MHz, Chlorofornd) &
9.57 (s, 1H), 9.51 (dl = 1.6 Hz, 1H), 8.83 (s, 1H), 8.76 (s, 1H), 8.711¢4), 8.58 (d,) = 5.3 Hz,
2H), 8.49 (dd,) = 8.6, 1.8 Hz, 1H), 8.35 (dd,= 8.5, 1.5 Hz, 1H), 8.15 (d,= 8.2 Hz, 2H), 8.07

(t, J = 8.6 Hz, 2H), 7.72 (d] = 8.7 Hz, 1H), 7.65 — 7.42 (m, 8H), 7.41 — 7.32 4H), 7.33 —
7.25 (m, 3H), 7.17 (d) = 1.8 Hz, 1H), 5.20 () = 7.9 Hz, 2H), 3.82 () = 8.2 Hz, 2H), 2.41 —
2.34 (m, 2H), 1.76 () = 7.8 Hz, 2H), 1.57 — 1.47 (m, 2H), 1.37 Jo5 7.8 Hz, 2H), 1.27 — 1.07
(m, 6H), 0.91 — 0.81 (m, 5H), 0.71 &= 7.4 Hz, 3H).2*C NMR (126 MHz, Chlorofornd) &
152.3, 151.2, 144.7, 144.1, 142.5, 142.3, 139.9,0.3138.8, 138.1, 137.8, 137.1, 136.6, 136.4,
134.2, 134.0, 133.2, 133.0, 131.7, 130.3, 128.8.3® 128.26, 128.2, 127.9, 127.5, 127.4,
127.2,127.1, 127.0, 126.8, 126.7, 126.4, 126.2,312124.0, 122.7, 121.8, 121.0, 118.9, 115.8,
110.1, 109.9, 107.9, 46.6, 45.0, 31.7, 31.38, 31283, 26.5, 26.2, 22.50, 22.47, 14.0, 13.9. (4
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signal (4G,) was not found due to overlapping peaks). Analc€for GssHseNg: C, 84.95; H,
6.05; N, 9.0; Found: C, 84.8; H, 6.2; N, 8.9.

10.4 2,9-Bis(benzo[g]quinoxalin-2-yl)-5,12-dibutgl-7-diphenyl-5,12-dihydroindolo[3,2-
a]carbazole(9b)

Orange powder (0.52 g, 59%), m.p. (319-320 6) NMR (500 MHz, Chlorofornd) &
9.58 (s, 1H), 9.53 (dl = 1.5 Hz, 1H), 8.84 (s, 1H), 8.76 (s, 1H), 8.721¢d), 8.59 (d,) = 6.2 Hz,
2H), 8.50 (dd,) = 8.5, 1.8 Hz, 1H), 8.36 (dd,= 8.7, 1.5 Hz, 1H), 8.16 (dd,= 7.7, 5.6 Hz, 2H),
8.08 (t,J = 8.1 Hz, 2H), 7.74 (d] = 8.7 Hz, 1H), 7.66 — 7.42 (m, 8H), 7.42 — 7.26 {id), 7.19
(d,J=1.7 Hz, 1H), 5.22 (t) = 7.9 Hz, 2H), 3.88 — 3.80 (m, 2H), 2.40Jt 7.7 Hz, 2H), 1.83
(q,J = 7.6 Hz, 2H), 1.57 — 1.45 (m, 2H), 1.04Jt 7.4 Hz, 3H), 0.91 (m, 2H), 0.77 &= 7.3
Hz, 3H).*C NMR (101 MHz, Chlorofornd) & 152.1, 151.0, 144.6, 143.9, 142.6, 139.8, 139.7,
139.2, 138.1, 138.0, 137.9, 136.80, 136.78, 136.34,48, 134.6, 134.43, 134.38, 131.8, 131.7,
130.3, 128.9, 128.62, 128.57, 128.43, 128.39, 12A28.4, 127.2, 127.0, 126.7, 124.47, 124.45,
124.3, 122.9, 121.8, 119.2, 115.9, 115.8, 110.6.,511110.3, 110.1, 108.0, 46.6, 44.8, 33.5,
30.9, 20.2, 19.9, 14.2, 13.6. (6 signal fpGnvas not found due to overlapping peaks). Anal.
Calcd for GeHseNe: Cs2HagNe: C, 84.9; H, 5.5; N, 9.6; Found: C, 84.9; H, 3\59.5.
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Highlights
. Modifications of 5,12-dihydroindol o[ 3,2-a] carbazole compounds were investigated
. Methods for double formylation and acetylation of these heteroacenes were elaborated

. Prepared diformyl and diacetyl derivatives were used to construct n-extended molecules



