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INVESTIGATION OF 3-(CARBAZOL-9-YL)-1,2- ЕР IТШОР ROР ANE 
LNTERACTION 

WITH AROMATIC AМГ L{Е  

In the reaction of 9-(2,3- е pithiopropу l)-9Н -с arb а zoie with aromatic amines 
(aniline, 4-methoxу -, 4-methyl-, 4-fluor о -, 4-Ь rо mo-, 4-chloro-, 3-chloro-, 2-
chloroaniline) and subsequent oxidation of the mixtures formed of propanethiols and 
disulfides with 25% Н 202 in basic solutions the respective disulfides have been 
synthesized. Carbazolyl-containing derivatives of the thiazolidine have been obtained. 

Keywords: carbazole, aromatic amines, propanethiols, disulfides, thiazolidines. 

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 disulfides. 
Hitherto, interaction of aliphatic and aromatic epith  ю  compounds with aliphatic 
and aromatic amines has been mainly investigated [1-4]. 

We have performed the reaction of 9-(2,3-e р ithioр ropyl)-9H-ca г bazole 
(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 
-anilino-1 -(саг bа zо l-9-у l)ргора nе -2-thiо l (1) was obtained as a main product 

with 5--60% yield. Besides, about 18% of bis(3,3 1 -anilino-1,1 1 -bis(с arbazо l-9-
yl)diprop-2-у 1 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-fluoro-, 4-bromo-, 3-chloro-, 
2-chloro-, 4-methyl-, and 4-m е thoх yanilines with ETPC resulted in the 
mixtures of the respective propanethiols and disulfides, and an attempt was 
made to separate them by multiple crystallization or column chromatography on 
silicagel. However, the attempts to isolate pure propanethiols failed due to a 
partial oxidation to 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 1 -bis(с aгЬ azol-9-у l)-3,3 1 -bis(4-fluo гоап i Г inо )-
diрг oр -2-у l disulfide (3), 3,3 1-bis(4-b г omoaniliв o)- 1,1 1 -Ы s(с aг bazol-9-уГ )di-
рг op-2-у l disulfide (4), 1,1 1-Ы s(с arbа zol-9-ше thу i)-3,3 1 -bis(4-сЫ o г oап iliл o)-
dipг oр -2-у l disulfide (5), 1,1 1 -Ы s(сагЬа zol-9-у l)-3 ,3 1-Ы s(3-с hloг oanilinо )-di-
рг oр -2-у l disulfide (6), 1,1 1 -bis(сагЬа zol-9-у l)-3,3 1 -Ы s(2-с hloгоат LiНп o)di-рг oр -
2-у 1  disulfide (7), 1,1 1 -Ы s(с arЬа zol-9-у l)-3 ,3 1 -Ы s(4-mе thу Iaп ilino)diрг oр -2 у i 
disulfide (8), and 1, 11  -bis(с aгbа zо i-9-у l)-3,3 1 -Ы s(4-mе thохуа nilino)dipгор -2-у l 
disulfide (9) were obtained. In the case of 1-naphthylamine derivative oxidation 
of propanethiol formed was much easier and only 1,1 1 -bis(саг bа zol-9-у l)-3 ,3 -  

bis(1-nар hthу lа minо )diрг oр -2-у l disulfide (10) was isolated from the reaction 
mixture. 
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It was found that duration of the reaction depends on amine nucleophilic 
properties and increases in the following order: 4-methoxyanilin е , aniline, 4-
methyl-, 4-fluoro-, 4-brom о -, 4-chloro-, 3-chloro-, 2-chloroaniline. The order 
presented reveals that 4-methoxyaniline reacts with ETPC most easily but 2-
chioroaniline with much difficulty. Diphenylamine and p-nitroaniline do not 
react with ETPC under the conditions 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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Ar = 1, 2, 14-18,21 СЬН S ; 3, 19 4-FC6H4i 4 4-ВГС 6Н 4 ; 
5 4-C106H4;  6,20 3 -С 1С 6Н 4; 7 2-С 1С б Н 4; 8 4-CH,C6H4; 

9 4-СН З ОС Ь Н 4; 10 1 -С 10Н 7; R= 1-10 Н ; 11, 13 СН 3 ; 
12 С гН S ; 14, 19, 20 R 1 = R2  = H; 15-18 R1  = H; 

R2  =15, 16 С Ь Н Si 17 р -(С 2Н 5)zNC6H4i 18 2-furyl; 
1-21 Ht = carbazol-9-у 1 

Besides primary amines ETPC reacted with secondary amines, for example, 
with N-methyl- and N-ethylanilines. In this case the formed propanethiols 
oxidized more hard, and derivatives of 1-(carbazol-9-yl)-3-(N-methylanilino)-2-
propanethiol (11) and 1 -( с aг bа zol-9-у l)-3-(N-е thу lanilino)-2-рг oр anе thiol (12) 
were isolated from the reaction mixtures. 
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Table 1 
Characterization of compounds 1-21 

Corn- 
pound Melting point, °C (solvent) Molecular formula 

Found % 
% 

Yield, % 
Calculated, 

C H Hal N 8 g % 

1 107.5-108.5 С 21 Н 20Ns 76.19 6,01 - 7.99 9.81 19 (A) 57.2 (A) 

(toluene-2-propanol,  1: 2) 75.87 6.06 8.43 9.64 20 (В ) 60.3 (B) 

2 148.5-150,0 С 42Н 38N48z 76.92 5.56 - 8.83 9.71 6 (A) 18.2 (A) 

(toluene-2-propanol, 2 : 1) 76.10 5.78 8.45 9.67 3.3 (С ) 100 (С ) 

3 193.5-165.5 С 42Н 36F2N4s2 72.56 5.04 - 7.93 - 2.8 81.5 
(toluene-trichloromethane, 1: 2) 72.18 5.19 8.02 

4 152.5-153.5 С 44Н 42N402sz 73.28 5.74 - 7.93 - 3.1 86.0 

(toluene) 73.10 5.86 7.75 

5 182.0-183.5 С 44Н 42N482 76,31 6.32 - 8.02 - 2.8 81.0 

(toluene-2-propanol, 2 : 1) 76.49 6.12 8.11 

6 198.5-199.5 C42Н 36Вг 2N482 61.61 4.47 19.51 6.94 - 2.9 71.5 

(toluene-acetone, 2 : 1) 61.47 4,42 19.47 6.83 

7 196.5-198.5 С 42Н 3 б Cl2N4S2 69.22 5.05 10.10 7.87 - 2.4 65.1 

(toluene) 68.93 4.96 9.69 7.66 

8 154.0-156.0 С 42Ns бС 12N4sz 69.11 4.99 10,13 7.59 - 2.1 58.2 

(toluene-2- propanol, 2 : 1) 68.93 4.96 9.69 7.66 

9 180.5-182.0 С 42N36Cl2N482 69.21 4.82 10.14 7.83 2.3 63.1 

(toluene) 68.93 4.96 9.69 7.66 

10 180.5-182.5 С 50H42N482 78.01 5.93 - 7.10 - 3.3 43.5 

(toluene-2- propanol, 2 : 1) 78.71 5.55 7.34 



11 97.0-98.5 СггНгг Nг S 76.52 6.13 7.91 - 8.7 63.0 
(toluene-2- propanol, 2 : 1) 76.26 6.40 8.09 9.25 

12 91.0-92.5 СгзНг 4N г S 76.82 6.83 7.83 - 8.0 55.6 
(toluene-ethanol, 1.5 : 2) 76.63 6.71 7.77 8.89 

13 Oil С 25Н г 0N20S 74.81 6.35 7.07 - 

74.59 6.51 6.96 7.96 

14 156.5-158 O г zHz0N2S 76,77 5,80 8.07 9.36 3.2 
(toluene-2-propanol,  2: 3) 76.71 5.85 8,13 9.31 

15 156.0-157.0 Сг 4Нг 4N г S 77.59 6.68 7.31 8.42 3.3 89.0 
(toluene-acetone, 1 : 1) 77.38 6.49 7.52 8.61 

16 142.5-144,0 C2aЬ 1г 4N2S 80.07 5.71 6,79 7 . 43 3.0 71.0 
(toluene-2- propanol,  1: 1) 79.96 5.75 6 . 66 7.63 

17 136.5-137.5 С 32H33N3s. 78.25 6.82 8.33 6.69 3.8 77.2 
(toluene-2- propanol, 2 : 1) 78.17 6.76 8.55 6.52 

18 138.0-140.0 C26H22N2O8 76.41 5.47 101 - 3.6 87.8 
(toluene-2-propanol, 2: 1) 76.07 5.40 6.82 7.81 

19 175.0-176.5 022H1 э FN2S 72.69 5,19 5.55 793 - 2.1 58.3 
(toluene-2-propanol,  1: 1) 71.90 5.24 5.24 7.73 8.85 

20 121,5-123.0 СггН 1вС N2S 70.05 5.10 9.66 7 . 50 - 3.1 82 .2 
(toluene-2- propanol, 2 : 1) 69.74 5.05 9.36 7.39 8.46 

21 61-63 с 5 б HSON4S2 79.82 6.05 6.82 - 7.3 86,5 
79.77 5.98 6.64 7.60 



Table 2 
Data of 1Н ,'3C, UV and IR spectra 

Сот -  
pound  

hII NMR spectra (CDCl3), S, ppm UV spectra, 
nm (1g н ) 

IR spectra, v, cm' 1  

1 2 3 3 

1 3390 (NH); 3065, 3047, 3010 (= С -H); 2960, 2935 
(SH); 1595 (C=C, C-N); 760, 730, 694 (C=C of 
carbazole and monosubstituted benzene) 

2 2.85-3.69 m (бН , CHCH NH); 4.13-4.54 т  (4Н , Ht-СН 2); 6.00-7.50 т  237.0 	(4.95); 	260.0 	(4.61); 	293.3 3430 (NH); 3060, 3030, 3010 (= C-II); 2940, 
(24Н  СНн t,пГ ,  NH); 7.80-8.13 m (4Н , 4-Н , 5-H Ht) (4.53); 327.8 (3.91); 341.9 (3.94) 2920, 2880 (СНаг ; е );  1635, 1610 (C=C of 

carbazole and monosubstituted benzene) 

3 2.83-3.78 m (6Н , CHCIJ,NH); 4.10-4.61 т  (4Н , Ht-СН 2); 5.90-7.50 т  (22Н  237.8 (4.93); 260.7 (4.56); 293.3 3400 (NH); 3065, 3050, 3010 (= С -Н ); 2910, 
СН нг ,дГ , NH); 8.03 d (4 Н , 4-Н , 5-H Ht, J= 8 Нг ) (4.52); 327.8 (3.91); 341.9 (3.92) 2890, 2850 ( СН а ие ); 1625, 1593 (CH=CH, C-N); 

818 (C=C ofp-disubstituted benzene); 755, 725 
(CH=CH of carbazole) 

4 2.95-3.23 т  (41-I, СН 2NH);  3.23-3.73 m (2 Н , CH-S-S-CH); 3.58 s ( бН , 237.7 (5,00); 260.0 (4.63); 293.8 3400 (NH); 3050, 3040, 3010 (= С -Н ); 2940, 
ОСН з ); 4.41 д  (4Н , Ht-СН 2 >  .1=7 Hz); 6.33 dd (8 Н , АА 1ВВ 1  system, 
JAB= 8 I-Iz); 7.00-•7.48 in (14H, СНн г , NH); 7.88-8.13 т  (4Н , 4-H, 5-H Ht) 

(4.52); 327.9 (4.00); 342.3 (3.96) 2915, 2890 (CHas£); 1620, 1593 (CH=CH, C-N); 
818 (С =С  ofp-disubstituted  benzene); 750, 725 
(CII=CH of carbazole) 

5 2.08 s (6 Н , СНз ); 2.83-3.15 т  (4Н , СН 2NН ); 3.15-3.73 т  (21-1, 237 . 2 (4.94); 260.0 (4.59); 293.3 3380 (NI-I), 3035, 3005 (= С -II); 2920, 2900, 2850 
СН -S-S-СН ); 4.26 d (4Н , Ht-СТ I2, J= 7 Нг ); 6.44 dd (8 Н , АА г ВВ г  system, 
Jдв = 8 Hz); 6.98-7.46 т  (141-Т , CI-Iн ,, NH); 7.88-8.09 т  (4Н , 4-II, 5-Н  Ht) 

(4.50); 328.0 (3.91); 341.9 (3.94) (CHai e.); 1615, 1590 (CH=C1-I, C-N); 805 (C=C of 
p-disubstituted benzene); 750, 720 (CH=CH of 
carbazole) 

6 2.79-3.79 т  (61-I, СНСН  NH); 4.21-4.79 m (4I-I, Ht-CI-I2); 5.90-7.71 in 237.9 (5.04); 260.2 (4.84); 293.8 3410 (NH); 3040, 3020, 3010 ( =С -I-i); 2940, 
(22Н  СНнг ,дг , NH); 7.94-8,29 т  (41-I, 4-1I, 5-II Ht) (4.59); 316.0 (3.92); 327.9 (398); 2920, 2860  (CHflue,); 1620, 1595 (CI-I=CH, C-N); 

342.3 (4.01) 812 (С =С  ofp-disubstituted benzene); 755, 725 
(CH=CH of earbazole) 

7 2.80-3.71 т  (6Н , СНСН  NH ); 4.18-4.60 т  (4I-I, Н t-СН 2);6.59 dd (81I, 237.7 (5.00); 258.7 (4.80); 293.8 3400 (NI-I); 3055, 3045, 3010 (= С --1I); 2930, 
АА г ВВ г  system,  Jnn 	8.001-Iz);6.78-7.65 т  (14Н  СНн г ,д Г , NII);8.11 d (4Н , (4.55); 316,0 (3.89); 327.9 (3.95); 2910, 2860 ( СН ,i;e.); 1622, 1595 (CI-I=CH, C-N); 
4-Н , 5-Н  Ht, J= 7 I-Iz) 342.3 (3.96) 822 (С =С  ofp-disubstitûted benzene); 755, 725 

. (CH=CH of carbazole) 



8 

9 

10 

11 

12 

13 

14 

15 

3390 (NH); 3050, 3010 (=С -Н ); 2920, 2860 
(С 1-IaliP); 1600, 1595  (CH"Cl-I, C-N); 835 (C=C of о - 
disubstituted benzene); 750, 725 (CI-I=CH of 
carbazole) 

3410 (NH); 3065, 3045, 3020 ( =C-Н ); 2950, 
2925, 2900 (CHeue);  1625, 1600 (CH=CH, C-N); 
775 (С =С  of ,n-disubstituted benzene); 755, 728 
(CH=CH of carbazole) 

3410 (NH); 3070, 3045, 3018 (=C-I-I); 2930, 
2920, 2880  (CHant); 1595, 1582 (СН =СН , C-N); 
788, 775 (CH=CI-I of naflalene); 750, 725 
(CI-I=CH  of carbazole); 568 (C-S) . 

3040-З  100, 3010 (''С -Н ;  2930, 2910 (СН ai;р i,); 
2550 (8H); 1595, 1566 (C=C, C-N); 750, 725, 
698 (CH=CH of carbazole and monosübstituted 

3070, 3040, 3022 (=C -Н ); 2940, 2905, 2870 
(CI-Iaue.); 2552 (5Н ); 1618, 1590, (С =С , C-N); 
750, 722, 690 (CH=CH of carbazole and 
monosubstituted benzene) 

3050, 3018 (=С -Н ); 2920, 2890, 2850  (CHanf); 
1625, 1595, (С =С , C-N); 755, 725, 698 (С H=СН  
of carbazole and monosubstituted benzene) 

3063, 3040, 3030 (=С -I-I); 2970, 2928, 2852 
(CHalif,); 1596, (C=C, C-N); 748, 726, 690 (СН =СН  
of carbazole and monosubstituted benzene) 

3055, 3035, 3020 (=С -1-I); 2970, 2930, 2855 
(CHai j t); 1620, 1590, (С =С , C-N); 755 , 730, 710 
(CH=CFI of carbazole and monosubstituted benzene) 

234.6 (4.69); 260.0 (4.57); 293.3 (4.53); 
328.2 (3.89); 342.1 (3.96) 

237.7 (5.00) ; 258.7 (4,69); 293.8 
(4.56); 328.4 (3.92); 342,3 (3.95) 

2.30.0 (5.07) 237.5 (5.07); 294.2 
(4.59); 329.7 (4.37); 341.4 (4.33) 

237.7 (4.71); 260.5 (4.49); 293.8 
(4.28); 313.0 (3.55); 328.8 (3.63); 
342,3 (3.65) 

240.0 (4.79); 261.8 (4.69); 295.0 
(4.52); 331.8 (3.91); 345.0 (3.95) 

238.4 (4.74); 260.0 (4.45); 293.8 
(4.26); 329.0 (3.65); 344.9 (3.69) 

237.9 (4.69); 261.6 (4.41); 294.2 (4.25); 
330.1 (3.63); 343.7 (3.68) 

238.1 (4.76); 258.7 (4.47); 293.8 (4.31); 
328.8 (3.66); 342.8 (3.71) 

2.99-3.88 m (6I-I, СНСН  NH ); 4.24-4.88 т  (41-1, Ht-СН 2);5.79-7.59 m (221-I 
СНж ,пГ , NH);7.84-8.29 m  (4Н ,  4-H, 5 -H Ht, J= 7 Hz) 

2.99-3.88 m (бН ,  CHCkbNH);  4.10-4.53 m (4Н , Ht-СН 2);5.90-7.60 т  
(22Н  СНнг ,лг ,  NH);7.88-8.34 m (4H, 4-Н , 5-H I-It). 

2.93-3.39 т  (СН  NH ); 3.39-4.14 т  (2H, CH-S-S-CH); 4.14-4.63 m (4H, 
Ht-CH2); 5.85-7.86  ш  (28Н  CI-Iнг ,пг ,  NH); 7.86-8.23 т  (4Н , 4-Н , 5-Н  Ht) 

1.4 d (H, SH);  2.84s (ЗН , СНз );  3.15-3.49  ш  (2Н , CH2N); 3.49-4.00 m (1H, 
СН 2СНСН 2); 4,13-4,38  ш  (2Н , Ht-СН 2); 6.28-7.50 ш  ( иН , СНн г ,д Г ); 
7.85-8.10 т  (2Н , 4-Н , 5-H Ht) 

1.70-3.08 т , 2.98 s (бН , CHCI-I2NCH3); 3.08-3.90 m (513, sCH 2CHCH2); 
4.08-4.60 m  (2Н ,  Ht-СН 2); 5.15-7.63  ш  (1  1 Н  СНнг , л ); 7.91 (2H, 4-H, 5-Н  
Ht, J= 7 Hz) 

3.33 (2Н , ABX system, CH2NPh, JAB = 11 Hz,  JAX  З  IIz, JBx = 5 Hz, Н ,,,. and 
1-I*,,.); 3.73-4.08 m (1 Н , СН 2СНСНг ); 4.08-4.78 m (4H, Ht-CH2, SCH2N); 6.48- 
7.63  ш  (l иН  СНнг ,пг ); 7.80-8.11 (2Н , 4 -Н , 5-H Ht) 

1:19 s; 1,69s (61-I, CI-13); 3.25 (2 Н , ABX system, CH2NPh, JAB = 10 Hz, Jj = 5 
Hz, Jвх =  3 I-Iz, and  Н ); 3.49-3.74 ш  (1 Н ,  CH2CI_1CH2); 4.35 (2Н , А г В г Х  
system, I-It-СН 2, Jд * в 1  = 15 Hz,  Jд 1 х =  10 Hz, Jв г х  = 4.5 1-1z); 6.22-7.33 т  (11 Н  
СНнг ,л ,); 7.76-8.00 (21-1, 4-I-1, 5-H Ht) 



l 4 г  З  

238.4 (4.74); 261.3 (4.43); 285.0 
(4.30); 293.8 (4.31); 329.0 (3.71); 
344.9 (3.67); 416.7 (3.77) 

238.4 (4.71); 260.0 (4.42); 293.8 
(4.28); 329.0 (3.64); 344,1 (3.69) 

221,6 (4,52); 238.4 (4,66); 248.3 
(4.53); 261.7 (4.51); 293.8 (4.30); 
329.0 (3.64); 344.1 (3.69) 

16 

17 

18 

19 

20 

21 

3.65-4.00 m (2Н , CT-ICH N—Ar); 4.00-4.65 m ( ЗН , Ht-СН 2СН ); 6.13 s (1 Н , 
ArCH); 6.35-7.90 m (1611,  СНнг ,АС );  7.90-8.14 m  (2Н ,  4-Н , 5-H Ht) 

0.98; 1.06 two triplets (6Н , СНзСН 2, J= 7 Hz); 3.19, 3.29 two quartets (4Н , 
СНЗСН  , J= 7 Hz); 3.50-4.18 m (ЗН , CHCH2N); 4.36-4.60 m (2 Н , Ht— 
СН 2); 5.81, 6.08 twos (1H, ArCH(s)NH); 6.38-7.66 m (15 Н  СНн г ,д Г); 7.90— 
8.13 m (2Н , 4-Н , 5-H Ht) 

3.48-3.90 m (2Н , CHCH N-Ar); 3.90-4.65 m (4Н , Ht-СН 2СН , SCHN); 
6.04-6.29 m ( ЗН , CH of furan); 6,58-7.56 m (11 H, СНнг , Аг ); 7.95-8.20 m 
(2Н , 4-Н , 5-Н  Ht) 

3.35 (2Н , ABX system, CH2NPh,  JAB  = 10 Hz, JAX = 10 Hх ,  JBX  = 6 Hz,  Н ,-',,,, 
and  Н ,,);  3.84-4.14 m (1H, СН 2СНСНг ); 4.14-4.88 m (2Н , Ht-СН 2); 4.41 s 
(2Н ; SCH2N); 6.46-7.75  ш  (юн ,  СН нг ,д ,); 7.94-8.19  ш  (2Н ,  4-Н , 5-H Ht) 

3.35 (2Н , ABX system, CH2NPh, JAB = 10 Нг , Jдх = 2 Hz, Jвх =  5 Hz, I-I„•,,,, 
and Н  ,,.); 3.75-4.11 т  (1 Н , СН 2СНСН 2); 4.11-4.81 т  (2Н , Ht-СН 2); 4.34 s 
(2Н , SCH2N); 6.29-7.75  ш  ( юН , СНнг ,Аг ); 7.91-8.16 m  (2Н ,  4-H, 5-H Ht) 

3.06-3.94 т  (6Н , CHCH2NAr); 3.94-4.69 т  (8Н , Ht—СН 2, А rCH2N); 6.06— 
7.69  ш  (32Н , С Hн г ,д ); 7.69-8.19  ш  (4Н ,  4-Н , 5 -I-I I$) 

3060, 3050, 3030 (= С —Н ); 2970, 2920, 2860 
(CH,;;¢); 1630, 1605, (C=C, C—N); 760, 735, 705 
(CH=CH of carbazole and monosubstituted 
benzene) 

3060, 3048, 3020 (=С —Н ); 2960, 2924, 2864 
(CHа ;;f,); 1608, 1593 (C=C, C—N); 824 ( С H=С H 
ofp-substituted benzene); 744, 724, 692 (CH=CH 
of carbazole and monosubstituted benzene) 

3035, 3005 (=C—H); 2918, 2850 (CH а ;; г,); 1595 
(C=C, C—N); 745, 726, 690 (CH=CI--I of carbazole 
and monosubstituted benzene) 

3035, 3010 (=_С —H); 2925, 2900 2835 (CHapf,); 
1592 (C=C, C—N); 818 (CH=CH of 
p-disubstituted benzene); 755, 725, (CH=CH of 
carbazole) 

3035, 3010 (=С —H); 2920, 2850 (СН *pf); 1590, 
1560 (C=C, C—N); 775 (CH =CI-I of m -disub-
stituted benzene); 750, 725, (CH=CH of 
carbazole) 

3042, 3031, 3010 (=С —I-I); 2911, 2850 (CI-Iapf,); 
1623, 1595 (C=C, C—N); 750, 725, 695 (CH= С I-I 
of carbazole and monosubstituted benzene) 

Continue of table 2 



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, the data of 1 H and 13С  NMR, IR, IJV spectra. 
In the Ж  spectra of propanethiols 1, 11, and 12 Su group exhibited 
characteristic peaks at 2553, 2550, and 2552 cm 1,  respectively, and in that of 
propanethiol 1 NH group also gave a peak at 3390 cm 1.  In disulfides 2-10 
absorption peaks in the area of 3380-3430 cm 1  are characteristic for an NH 
group, in their 1Н  NMR spectra signals specific for protons of Ht С H,, 
Аг NHCH2  and с H—s—S—CH were observed in the area of 2,65-4,88 ppm. In 
disulfides 4 and 5 ОСН 3  and CH3  groups displayed singlets at 3,58 and 2,08 
ppm, respectively, in the latter and in disulfide 7 АА 1 BB 1  systems characteristic 
of protons ofp-disubstituted benzenes whith centers at 6,33 (J = 9 Hz), 6,44 
(J = 8 Hz), 6,59 (J = 8 Hz) ppm were observed. In UV spectra àH the 
absorption maxima characteristics of carbazolyl chromophore were observed. 
Lines in 13С  NMR spectra fairly exactly matched thoses 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 СЕР ) on propanethiol 11 the hydrogen of SH group was replaced 
by epoxypropyl group, and 5-(carbazolyl-9-methyl)-1,2-epo х y-6-(N-
mе thylanilino)-4-thi а hе xanе  (13) was obtained. 

By the action of formaldehyde, acetone, benzaldehyde, 4-
diethylaminobenzaldе hу dе  and 2-furald е hydе  on propanethiol 1 at room 
temperature carbazolyl-containing thiazolidine derivatives 14-18 were 
synthesized. 

The corresponding thiazolidine derivatives (19, 20) were isolated after 
treating with a formalin excess the mixtures obtained by the action of 4-
fluoroaniline and also 3-chl о rо aniline on ETPC. It was noticed that the reaction 
of propanethiol 1 with acetone was initiated by the sun light and did not take 
place in darkness. 

By disulfide 2 alkylation with benzyl chloride dibenzylated derivative, 3,3 1
-bis(benzylphenylamino)-1,11 -bis(carbazol-9-yl)diprop-2-y1 disulfide (21) was 

obtained. Compound 21 was tested as an organic photoconductor for 
production of electrophotographic layers and exhibited a comparatively not bad 
photosensitivity (S = 30, 5125 = 24 m'/J) and good physicomechanical 
properties. 

EXPERIMENTAL 

1H NMR spectra were recorded on a Hitachi R-22  spectrometer (90 MHz), Tesla Bs 487 С  
(80 MHz), and presented in Table 2 (multiplicity, number of atoms, group, coupling constant in 
Н z), bC NMR spectra on a Testa Bs 567 А  (25.142 MHz), IR spectra on UR-20, 8 ре cord M80 
spectrometer for KBr pellets.The course of reaction and the purity of products were controlled by 
thin-layer chromatography on Silufol UV-254 (Kavalier) plates. 

Synthesis of 3,3 1-bis(R-phenу laminо )-i,1 1-Ь is(с arbazо l-9-у l)diprо p-2-у 1 disulfide (2-9). 
The mixture of 0.01 mole of ETPC, 0.05 mole of aromatic amine (ratio 1:5) and 25 ml of toluene. 
was kept at room temperature (method А ) or was heated at temperature 105-110°C (method B). 
Mixture was washed with 10% solution of HCI to remove the excess of aromatic amine, toluene 
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was distilled off, 1-1.5 ml 25% Н 702  and 20 ml 02N NaOH 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-l-(carbazol-9-yl)-2-propanethiol (1) (50-
65%) and 3,3-bisа nilino-1,1 1 -Ы s(carbazol-9-у l)diprop-2-у l disulfide (2) (18%) were obtained. 

3,3 1-Bis(1-naphthylamin о )-1,1 1-Ы s(carbazol-9-у 1)diprop-2-у 1 disulfide (10). ETPC (2.4 g, 
0.01 mol) was dissolved in 25 ml of toluene, 1-naphthylamine (7.1 g, 0.05 moi) was added and 
the mixture was heated for 65 h at 105-i 10°C, then the mixture was washed with 10% 
hydrochloric acid, toluene was distilled off the precipitate of 10 was filtered off and washed with 
ethanol. 

1-(С arbazol-9-у l)-3-(N-methyipheпу lamiп o)-2-propa п ethiol (11), 3-(N-ethylph еп yf-
amino-1-(carbazol-9-у l)-2-pr о panethiol (12). ЕТРС  (9.6 g, 0.04 mol) was dissolved in 40 ml of 
toluene, N-methylphenylamine (17 g, 0.16 mol) or N-ethylphenylarnine (19.4 g, 0.16 mol) was 
added to the solution and the mixture, was heated for 28 (130) h at 100-105 ° С  (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 off, precipitates 11, 12 filtered off and washed with 
2-propanol. 

1,2-Epoxy-5-(carbaz о lу l-9-methyl)-6-(N-m е thу lpheпу lamiio)-4-thiahexane (13). The 
mixture of compound 11(3.5 g, 0.01 mol), 15 ml of CEP and 3-4 drops of TEA was kept at room 
temperature. Then the СЕР  excess was distilled off and the product was purified by 
chromatography appiaying a column packed with silicagel Silpearl. A system of acetone-hexane 
1:4, was used as an eluent. 

3-Phenyl-5-(carbazol3l-9-meth у l)thiazо lidine (14). 9 ml (0.1 mol) of 40% formalise were 
added to a solution of compound 1 (3.3 g, 0.01 mol) in 30 ml of CHC13, and the mixture was 
stirred for 0.5 h at room temperature (TLC control with diethyl ether-hexane, 1:4 system). Then 
formaline was separated, trichloromethane distilled off, precipitate filtered off and washed with 2-
propanol. 

3-Р heп yi-5-(carbazol у l-9-methyl)-2,2-dimethylthiaz о lidiп e (15). A solution of compound 
1(3.3 g, 0,01 mol) in 30 ml of acetone was kept at room temperature in the sun light (the control 
with acetone-hexane, 1:4 system). Precipitate of 15 was filtered off and washed with 2-
propanol. 

2,3-Diphenyl-5-(carbazolу l-9-m е thу l)thiazо lidine (16). To a solution of compound 1 (3.3 g, 
0.01 mol) in 30 ml of СНС 1;  benzaldehyde (5.3 g, 0.05 mol) of was added, and the mixture was 
kept for 2 h at room temperature (diethyl ether-hexane, 1:2). Then the mixture was treated with 
the NâНСО 3  solution, trichioromethane was distilled off precipitate 16 was recrystallized. 

2-(4-Dieth у lamiп ophenyl)-3-phenyl-5-(carbazolу l-9-methу l)thiazohdine (17). 4-(N,N-
diethylamino)benzaldehyde (8.9 g, 0.05 mol), 2 g of К 2CO3  were added to a solution of 
compound 1(3.3 g, 0.01 mol) in 30 ml of toluene, and the mixture was stirred for 24 h at room 
temperature (diethyl ether-hexane, 1:2). Then mixture was washed with water, toluene was 
distilled off and 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-Furу l)-3-phenyl-5-(carbaz о lу l-9-methу l)thiazо hdine (18). 2-Furaldehyde (2 g, 0.02 
mol) was added to a solution of compound 1 (3.3 g, 0.01 mol) in 30 ml of С HCl3  and the 
mixture was stied at room temperature (system diethyl ether-hexane, 1:1). Trichloromethane 
and 2-furaldehу dе  excess were distilled, precipitate filtered off and washed with a mixture of 
diethyl ether and hexane, 1:1. 

3-(4-Fluorophenyl)-, 3-(3-chlor о pheпу l)-5-(carbazol у l-9-methу l)thiazоН diп es (19, 20). A 
solution of ETPC (2.4 g, 0.01 mol) and 4-fluor о aniliл e (4.7 ml, 0.05 mol) or 3-chloroaniline 
(6.4 g, 0.05 mol) in 25 ml toluene and mixture was heated at 100-105 °C (system diethyl 
ether-hexane, 1:2). Then the mixture was treated with 14 ml of 10% hydrochloric acid, toluene 
was distilled off, precipitate of thiazolidines 19, 20 was filtered off, dissolved in С HCI3  and 
treated with formalise 40% solution excess. Compounds 19 and 20 were purified by the 
procedure described for 14. 

3,31-Bis(be п zу lphenу lamino)-1,1 1-Ы s(carbazal-9- у l)diprо p-2-у l disulfide (21). The 
mixture of 18 (4.2 g, 0.005 mol), benzyl chloride (3.4 ml ,0.03 mol), К 2CO3  (0.6 g, 0.005 mol) 
and 30 n1 of 2-propanol was heated for 10 h at 80-85 °C (system diethyl ether-hexane, 1:2). 
Then the mixture extracted with toluene, toluene was distilled off, precipitate of 21 was filtered 
off and washed with ethanol. 
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