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The electronic effect of substituents on the a c i d - b a s e  proper t ies  of 6- and 7-substi tuted 2- 
thionolepidines and 4-thionoquinaldines were investigated. It is shown that the PKa( -H  +) 
values for 6- and 7-substi tuted 2- and 4-thioquinolones and the PKa(+ H +) values for 7-sub-  
stituted 2-thionolepidines and 6-subst i tuted 4-methylmercaptoquinaldines  cor re la te  with the 
a M substituent constants of Jaffe and Taft. The effect of a substituent is t ransmit ted  p r i -  
mar i ly  via an inductive mechanism,  r ega rd less  of its position. 

Mesomer i sm of the thione*--* zwitterion type is charac te r i s t i c  for 2- and 4-thioquinolones [1, 2]. In 
view of the int imate  relationship between the prototropic  proper t ies  and a c i d - b a s e  charac te r i s t i cs ,  the 
ionization constants [3] were determined for I-XI (Table 1). Two ser ies  of values - PKa(+ H +) during t i -  
t rat ion with ac id  (addition of a proton) and p K a ( - H  +) during t i tration with alkali (loss of a proton) - were 
obtained in the determination of the pK a values of the thioquinolones. The pKa(+ K +) value for the thione 
s t ructure  should pertain to the basic group, and the PKa( -H +) value should pertain to the acid group. On 
the other hand, for a zwitterion s t ructure  the pK(+ H +) value charac te r i zes  the  acid group, and the pK(-H +) 
value cha rac t e r i ze s  the basic group. The ionization constants of the investigated thioquinolones were a s -  
signed by means of the UV and IR spec t ra  [1, 2]. The ionization constants obtained were  compared with 

TABLE 1. pK a Values of 6- and 7-Substituted 2-Thionolepidines 
and 4-Thionoquinaldines* 

CH 3 

H 

Series 1-3 

OCHa 
CI 
NO_, 
H 
OCH3 
CI 
H.NCOCHa 
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Uent 

I posinon +H ~ 

! 6 6  - 
i 

6 

2,98(~ 
7 3,40f ~ 
7 3,16) 

PKa 

_ H  § 

12,32] 
11 48~.1 
10,43| 
12,42~ 
12,20 / 
11,50 }5 
1220) 

S 

CH~ R 
H C ~  

Series 4 Series 5 

H 
OCHa 
CI 
NO~ 
H 
OCHa 
CI 
NO2 

substit- 
uent 
position 

pK~ 

+ H  + - H  + 

5,3o~ 
5,0'6 i 
4,50 
3,73 J 

lO,4q 
10,08t, 
9,26[ '~ 
8,261 

* In 70% ethanol at  20~ 

Leningrad Pha rmaceu t i ca l -Chemis t ry  Institute. Transla ted f rom Khimiya Geterotsiklicheskikh 
Soedinenii, No. 3, pp. 399-402, March,  1974. Original ar t ic le  submitted March 15, 1973. 

�9 1975PlenumPublishing Corporation, 227 West 17th Street, New York, N. If. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is m,ailable from the publisher for $15.00. 

350 



TABLE 2. Results  of a Correlation Analysis  of Series  1-5 

i 
Series' Ionization i Parameters* 

c o n s t a n t  ! 
E 
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4 
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p K . ( - H - )  

p K o ( - H - )  

pK~(+H-)  

pK. ( - H  } 

pK~(-H-} 

{ 
i r 
{ o 

Ig Ko ( c a l c . )  
} l g  Ko S(exptl. ) 

I r 
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lg Ko ( ta lc . )  
lg Ko (r 

i So 

; r 
0 

Ig I<o;~alc.~ 
lg Ko [expu.) 

& 

i r 
P 

Ig Ko (calc.) 
Ig Ko (exptI.) 

So 
r 

lg Ko Ocale.) 
lg Ko (exptl.) 

So 

J a f f e  o 

m e t a  p a r a  

0,994 0,949 
--2,914 -- 1,996 
12,53 12,04 
12,42 12,42 
0,122 0,357 

0,995 0,670 
--2,584 -- 1,345 
12,48 12,02 
12,42 12,42 
0,046 0,369 

0,998 0,640 
1,623 0,810 
2,80 3,09 
2,80 2,80 
0,014 0,241 

0,999 0,911 
-3,094 -ZOO0 

10,44 9,88 
10,46 10,46, 
0,026 0,490 

0,999 0,930 
-2,173 - 1,434 

5,28 4,90 
5,26 5,26 

" 0,031 0,306 

* Calculated by the method of least  squares [6]; 

pK~ 

T a f t  o 

m e t a  p a r a  

0,993 0,974 
--3,019 --2,117 

12,57 12,16 
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0,129 0,258 

0,797 
- 1,826 

- -  12,10 
12,42 
0.299 

0,762 
1,10I 

- -  3,04 
2,80 
0,203 

0,999 0,954 
-3,169 -2,467 

10,46 10,06 
10,46 10,46 
0,031 0,356 
0,998 0,960 

- 2,224 -- 1,530 
5,30 4,99 
5,26 5,26 
0;048 0,233 
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Fig. 1 Fig. 2 

Fig. 1. Correlation of the acidity constants of thioquinolones with the 
(r M constants: A) s er i e s  1; B) s er i e s  2; D) ser i e s  4. 

Fig. 2. Correlation of the basicity constants of thioquinolones (C, 
ser ies  3) and of S-methyl~_ioquinolines (E, s er i e s  5) with the a M 
constants.  

the various substituent constants [4]. The results  of the correlation analysis  are presented in Table 2. 
Investigations establ ished a l inear dependence of the acidity constants of the thioquinolones in ser ies  1, 2, 
and 4 (Fig. 1, l ines A, B, and D, respect ively)  and of the basicity constants for ser i e s  3 and 5 (Fig. 2, l ines 
C and E) with the Jaffe and Taft a M substituent constants.  The correlation of the ionization constants with 
the Jaffe crlV I and induction constants (~O) indicates the pr imary  inductive character of the transmiss ion of 
the electronic  effect  of a substituent. It is  seen from the data in Table 2 that the p values for thioquino- 
lones of s er i e s  1 and 4 are higher than those in ser i e s  2; this indicates the great effect  of substituents in 
the 6 position on the reaction center. The reaction constant of s er i e s  3 of thioquinolones differs from the 
p values of the other ser i e s  with respect  to sign; this probably attests to the occurrence of titration through 
a transition state other thanthat in the other ser i e s .  The ionization constants [pKa(+H+)] in ser i e s  3 and 4 
were determined during titration with acid, but they characterize  the basici t ies  of the various functional 
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groups: in series 3 the pK(+ H +) values characterize the basic properties of the sulfur atom, while they 
characterize the basic properties of the nitrogen atom in series 5. Judging from the absolute value of re- 
action constant p, it can be assumed that the degrees of polarity of the transition states in series 1 and 4 
are close and higher than in series 2 and 5. Although the substituents are in different positions in the thio- 
quinolones in series 1 and 2, the (r M constants give the best correlation coefficient for both series. The 
benzene ring of the thioquinolone molecules, regardless of the position of the substituent, can be regarded 
as an overall substituent with respect to the reaction center. An induction mechanism, regardless of the 
position of the substituent, apparently plays the decisive role in the transmission of the effect of a substit- 
uent to the reaction center. 

EXPERIMENTAL 

The purity and authenticity of the products were monitored by thin-layer chromatography (TLC) on 
AI203. The solvent was CHCI3, and the chromatograms were developed in UV light. The pK values were 
determined by potentiornetric titration with an LPU-01 potentiometer. 

The 7-substituted 2- and 4-thioquinolones were obtained by the method in [2]. The characteristics 
of the 7-substituted thioquinolones and their S-methyl derivatives are presented in Table 3. The other sub- 
stances were described in [I, 5]. 

7-Amino-2-hydroxylepidine (XII). A solution of 8.4 ml (0.1 mole) of diketene in 20 ml of dry ben- 
zene was added in the course of 15 rain to 10.8 g (0.i mole) of rn-phenylenediamine in 50 ml of dry ben- 
zene, after which the reaction mixture was refluxed for 1 h. The benzene was then removed by distillation 
to dryness, and the residue was dissolved in absolute ethanol. The ethanol solution was filtered, and the 
filtrate was diluted with water and cooled to precipitate a light-gray subsLance [93% (80% by the method in 
[5])] with mp 270-272 ~ No melting-point depression was observed for a mixture of this product with a 
genuine sample of XII [5]. 

7-Acetamido-2-chlorolepidine (XIID. A mixture of 0.96 g (5 mmole) of 7-amino-2-chlorolepidine 
and 6 ml (6 mmole) of acetic anhydride was refluxed until the solid had dissolved completely, after which 
the solution was poured into water. The yellow precipitate was washed repeatedly with water until it was 
neutral to give a product (73%) with mp 178-180 ~ (dec., from alcohol). Found: CI 15.0; N 11.7%. CI2HIIN2OCI. 
Calculated: Cl 15.1; N 11.9%. 
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