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INVESTIGATION OF 3-(CARBAZOL-9-YL)-
1,2-EPITHIOPROPANE INTERACTION
WITH AROMATIC AMINES

A. Stanishauskaite', V. Getautis', A. Railaite’

h

In the reaction of 9-(2 3-epithiopropyl)-9H-carbazole with aromatic amines (aniline, 4-methoxy-,
d-methvl-, 4-fluoro-. 4-bromo-, 4-chloro-, 3-chloro-, 2-chloroaniline) and subscquent oxidation of the
mixtures formed of propanethiols and disulfides with 25% H.O. in basic solutions the respective disulfides
have heen svnthesized. Carbazolyl-containing derivatives of the thiazolidine have been obtained.
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Epithio compounds are converted to aminothiols in the reaction with aromatic amines. These aminothiols
are not stable and already under the influence of air oxygen undergo oxidation to form the respective disultides.
Hitherto. interaction of aliphatic and aromatic epithio compounds with aliphatic and aromatic amines has been
mainly investigated (1-4].

We have pertormed the reaction of 9-(2.3-epithiopropyl)-9H-carbazole (ETPC) with amines and studied
the properties of the products obtained. '

After ETPC heating with excess of aniline (1:5) in boiling toluene for 3-4 h 3-anilino-1-(carbazol-9-yl)-
propane-2-thiol (1) was obtained as the main product with 5-60% yield. Moreover. about 18% of bis(3.3"-anilino)-
1.1 -bistcarbazol-9-yldiprop-2-yl disulfide (2) was isolated from the reaction mixture. Products 1. 2 were formed
in a similar ratio when carrying out the reaction at room temperature, but in this case the reaction time was
20-24 days.

Under the above conditions the reactions of 4-tluoro-. 4-bromo-, 3-chloro-. 2-chloro-. 4-methyl-, and
4-methoxyanilines with ETPC resulted in mixtures of the respective propanethiols and disulfides. and an attempt
was made to separate them by multiple crystallization or column chromatography on silicagel. However, attempts
to isolate pure propanethiols failed due to partial oxidation to the respective disulfides by air oxygen. To obtain
disulfides the reaction mixtures were treated with hydrogen peroxide in the presence of sodium hydroxide. Thus,
1.1'-bis(carbazol-9-y1)-3,3"-bis(4-fluoroanilino)-diprop-2-yl  disulfide  (3).  3.3'-bis(4-bromoanilino)-1,1'-
bis(carbazol-9-yl)di-prop-2-yl disulfide (4), 1,1 "-bis(carbazol-9-methyl)-3,3"-bis(4-chloroanilino)-diprop-2-yl
disulfide (5). 1.1'-bis(carbazol-9-yl)-3.3"-bis(3-chloroanilino)-di-prop-2-yl disulfide (6). 1.1'-bis(carbazol-9-yl)-
3.3"-bis(2-chloroanilino)di-prop-2-yl disulfide (7). 1.1'-bis(carbazol-9-yl)-3,3'-bis(4-methylanilino)diprop-2-yl
disulfide (8), and 1,1'-bis(carbazol-9-yl)-3.3'-bis(4-methoxyanilino)diprop-2-yl disulfide (9) were obtained. In the
case of the I-naphthylamine derivative oxidation of propanethiol proceeded was much more easily and only
I.1'-bis(carbazol-9-y1)-3.3'-bis( 1-naphthylamino)diprop-2-yl disuifide (10) was isolated from the reaction mixture.

It was found that the duration of the reaction depends on the nucleophilic properties of the amine and
increases in the tolloving order: 4-methoxyaniline, aniline. 4-methyl-, 4-tluoro-, 4-bromo-, 4-chloro-, 3-chloro-.
2-chloroaniline. The order presented reveals that 4-methoxyaniline reacts with ETPC most easily but
2-chloroaniline with much difficulty. Diphenylamine and p-nitroaniline do not react with ETPC under the conditions

' Kaunas University of Technology, Kaunas 3028, Lithuania; c-mail: alsta@vandenis-sc-uni.ktu.lt. * Joint-
stock company "Achem”, Kaunas, Lithuania. Published in Khimiya Geterotsiklicheskikh Soedinenii. No. 1,
pp. 90-99, January, 2000. Original article submitted October 28, 1998.

82 0009-3122/00/3601-0082$25.00©2000 KluwerAcademic/Plenum Publishers



described above. 2-, 3-. 4-Aminopyridines characterized by strong nucleophilic properties initiate ETPC
polymerization already at room temperature, and after (0.5 h only polymeric compounds can be isolated from the
reaction mixture.
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Besides primary amines ETPC reacted with secondary amines, for example. with N-methyl- and
N-ethylanilines. In this case the propanethiols formed are oxidized with greater difficulty, and derivatives of
I -(carbazol-9-y1)-3-(N-methylanilino)-2-propanethiol (11) and I-(carbazol-9-yl)-3-(N-ethylanilino)-2-
propanethiol (12) were isolated from the reaction mixtures.

The reaction with N-ethylaniline proceeds considerably longer than with aniline (28 and 130 h), apparently
because of steric hindrances.

The structure of propanethiols 1. 11, and 12 disulfides 2-10 were confirmed by elemental analysis and
from the data of 'H and ''C NMR, IR. and UV spectra. In the IR spectra of propanethiols 1. 11, and 12 the SH
¢roup exhibited characteristic peaks at 2553, 2550, and 2552 ¢m’', respectively, and in that of propanethiol 1 the
NH group also gave a peak at 3390 ¢cm. In disulfides 2-10 absorption peuks in the area of 3380-3430 cm' are
characteristic for an NH group: in their 'H NMR spectra signals specific for protons of HiCH,, ArNHCH. and
CH-S-S—-CH were observed in the area of 2.65-4.88 ppm. In disulfides 4 and § the OCH, and CH, groups
displayed singlets at 3.58 and 2.08 ppm, respectively; in the latter and in disulfide 7 AA'BB' systems characteristic of
protons of p-disubstituted benzenes whith centers at 6.33 (J,, =9 Hz), 6.44 (J,, = 8 Hz), and 6.59 (/,, = 8 Hz) ppm
were observed. In the UV spectra all the absorption maxima characteristic of carbazolyl chromophore were
observed. Lines in the ''C NMR spectra fairly exactly matched those calculated theoretically.

Besides the spectral analysis the structure of propanethiols 1. 11 was confirmed by some chemical
transformations. By the action of 1-chloro-2,3-epoxypropane (CEP) on propanethiol 11 the hydrogen of the SH
group was replaced by the epoxypropyl group, and 5-(carbazolyl-9-methyl)-1.2-epoxy-6-(N-methylanilino)-4-
thiahexane (13) was obtained.
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By the action of tormaldehyde, acetone, benzaldehyde, 4-diethylaminobenzaldehyde, and 2-furaldehyde
on propanethiol 1 at room temperature. carbazolyl-containing thiazolidine derivatives 14-18 were synthesized.

The corresponding thiazolidine derivatives (19, 20) were isolated after treating the mixtures obtained by
the action of 4-fluoroaniline and also 3-chloroaniline on ETPC with an excess of formalin. The reaction of
propanethiol 1 with acetone was initiated by sunlight and did not take place in darkness.

By disulfide 2 alkylation with benzyl chioride the dibenzylated derivative, 3.3'-bis(benzylphenylamino)-
I.1'-bis(carbazol-9-yl)diprop-2-yl disulfide (21) was obtained. Compound 21 was tested as an organic
photoconductor for production of electrophotographic layers and exhibited comparatively good photosensitivity
(S...=30.8S,.. =24 m/)) and good physicomechanical properties.

EXPERIMENTAL

"H NMR spectra were recorded on a Hitachi R-22 spectrometer (90 MHz) and Tesla BS 487C (80 MHz)
and presented in Table 2 (multiplicity. number of atoms. group. coupling constant in Hz). The “C NMR spectra
were recorded on a Tesla BS 567A (25.142 MHz). IR spectra on UR-20, and Specord M80 spectrometer for KBr
pellets.The course of the reaction and the purity of the products were controlled by thin-layer chromatography on
Silufol UV-254 (Kavalier) plates.

Svnthesis of 3,3'-Bis(R-phenylamino)—l.l'-bis(carbazol-9-y|)diprop-Z-yI Disulfide (2-9). A mixture of
ETPC (0.01 mol), aromatic amine (0.05 mol) (ratio 1:5), and toluene (25 ml) was kept at room temperature
(method A) or was heated at temperature 105-110°C (method B). The mixture was washed with 10% solution of
HCI to remove the excess of aromatic amine, toluene was distilled off, 25% H.O, (1-1.5 ml) and 0.2N NaOH
(20 ml) was added and the mixture was kept at room temperature. The precipitate of 2-9 was filtered off, washed
with water (to neutral reaction). dried, and recrystallized. In the case of aniline at room temperature after 24 h and
at toluene boiling temperature after 3-4 h 3-anilino-1-(carbazol-9-yl)-2-propanethiol’ (1) (50-65%) and
3.3-bisanilino- 1.1 -bis(carbazol-9-yhdiprop-2-yl disulfide (2) (18%) were obtained.

3,3"-Bis(1-naphthylamino)-1,1'-bis(carbazol-9-yl)diprop-2-y! Disulfide (10). ETPC (2.4 ¢ . 0.01 mob)
was dissolved in toluene (25 ml). [-naphthylamine (7.1 g, 0.05 mol) was added and the mixwre was heated for
65 h at 105-110°C; then the mixture was washed with 10% hydrochloric acid. toluene was distilled off, and the
precipitate of 10 was filtered oft and washed with ethanol.

1-(Carbazol-9-y))-3-(N-methylphenylamino)-2-propanethiol (11) and 3-(N-Ethylphenylamino-1-
(carbazol-9-yl)-2-propanethiol (12). ETPC (9.6 ¢ (.04 mol) was dissolved in toluene (40 ml).
N-methyliphenylamine (17 g. 0.16 mol) or N-ethylphenylamine (19.4 g, 0.16 mol) was added to the solution, and
the mixture was heated for 28 (130) h at 100-105°C (TLC control using diethyl ether—acetone—hexane. 2:2:21
system). The mixture was washed with 60 ml of 10% hydrochloric acid, toluene was distilled oft, and precipitates
of compounds 11, 12 filtered oft and washed with 2-propanol.

1,2-Epoxy-5-(carbazolyl-9-methyl)-6-(N-methylphenylamino)-4-thiahexane (13). A mixture of
compound 11 (3.5 g, 0.01 mol), CEP (15 ml). and 3-4 drops of TEA was kept at room temperature. Then the CEP
excess was distilled off and the product was purified by chromatography applying a column packed with silicagel
Silpearl. A system of acetone—hexane 1:4, was used as an eluent.

3-Phenyl-5-(carbazolyl-9-methyl)thiazolidine (14). 40% Formalin (9 ml, 0.1 mol) was added to a
solution of compound 1 (3.3 g. 0.01 mol) in CHCI, (30 ml), and the mixture was stirred for 0.5 h at room
temperature (TLC control, eluent diethyl ether-hexane. 1:4). Then formalin was separated, chloroform evaporated.
and the precipitate filtered oft, and the washed with 2-propanol.

3-Phenyl-5-(carbazolyl-9-methyl)-2,2-dimethylthiazolidine (15). A solution of compound 1 (3. 1 g,
0.01 mol) in acetone (30 ml) was kept at room temperature in sunlight (TLC control, eluent acetone—hexane, 1:4).
The precipitate of compound 15 was filtered off and washed with 2-propanol.

2,3-Diphenyl-5-(carbazolyl-9-methyl)thiazolidine (16). To a solution of compound 1 (3.3 g, 0.01 mol) in
CHCt, (30 mi) benzaldehyde (5.3 g, 0.05 mol) was added, and the mixture was kept for 2 h at room temperature
(TLC control, eluent diethyl ether—hexane, 1:2). Then the mixture was treated with NaHCO, solution, chloroform
was distilled off, and the precipitate 16 was recrystallized.
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2-(4-Diethylaminophenyl)-3-phenyl-5-(carbazolyl-9-methyljthiazolidine (17). 4-(N.N-diethyfaminoj}-
benzaldehyde (8.9 g, 0.05 mol) and K,CO, (2 g) were added to a solution of compound 1 (3.3 g. 0.01 mol) in
toluene (30 ml), and the mixture was stirred for 24 h at room temperature (TLC control, eluent diethyl ether—hexane,
1:2). Then the mixture was washed with water, toluene was distilled off. and the residue was purified by
chromatography using column packed with silica gel Silpearl. System of diethyl ether-hexane was used as an
eluent. The product was recrystallized.

2-(2-Furyl)-3-phenyl-5-(carbazolyl-9-methyl)thiazolidine (18). 2-Furaldehyde (2 ¢. 0.02 mol) was
added to a solution of compound 1 (3.3 g, 0.01 mol) in CHCI, (30 mli), and the mixture was stirred at room
temperature (TLC control. eluent diethyl ether—hexane, 1:1). Trichloromethane and 2-furaldehyde excess were
distilled. and the precipitate filtered oft and washed with a mixture of diethy! ether and hexane (1:1).

3-(4-Fluorophenyl)- and 3-(3-Chlorophenyl)-5-(carbazolyl-9-methyl)thiazolidines (19, 20). A solution
of ETPC (2.4 g. (.01 mol) and 4-fluoroaniline (4.7 mi. 0.05 mol) or 3-chloroaniline (6.4 g. (.05 mol) in toluene
(25 ml) was heated at 100-105°C (TLC control, eluent diethyl ether—hexane. 1:2). Then the mixture was treated
with 10% hydrochloric acid (14 ml). toluene was distilled oft, and the precipitate of thiazolidines 19. 20 was
filtered off. dissolved in CHCI, and treated with an excess solution of 40% formalin. Compounds 19 and 20 were
puritied by the procedure described for 14.

3.3'-Bis(benzy|phen_vlamino)-l.l'-bis(carbazol-‘)-yl)diprop-Z-yl Disulfide (21). The nuxture of I8
(4.2 g, 0.005 mol), benzyl chloride (3.4 ml. 0.03 mol). K.CO, (0.6 g. 0.005 mol). and 2-propanol (30 ml) was
heated for 10 h at 80-85°C (TLC control, eluent diethyl ether-hexane. 1:2). Then the mixture extracted with
toluene. toluene was distilled off. and the precipitate of 21 was filtered oft and washed with ethanol.
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