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A series of polycyclic 1,4-dihydropyridines has been synthesized, viz., 1,4- 
dihydrobenzothieno[3,2-b]pyridine-5,5-dioxides with electron-acceptor substit- 
uents at position 3. Their alkylation, chemical oxidation, and reactivity in 
electrochemical oxidation have been studied. The effect of a sulfonyl group 
in the indene segment on properties (pK, electrochemical oxidation potential) 
of the dihydrobenzothienopyridine system is considered. 

5-Oxo-4,5-dihydro-l,4-1ndeno[l,2-b]pyridines (I) with an electron acceptor substituent 
X in the S-position are known [I, 2]. 
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I a d, f R=CsH~, b, e, g R=CsH,OCHa-p, c R-C6H4NO2-p; a--c X=COOC2Hs, 
d-~ X=CSOC2Hs: II a,r R=H b, s R=CH3. c , d  I , o , t  w, z R=C~Hs, e R= 
=C6H,CI-p; f, rn, p, u,,x, R=C6H4OCH~-p, g R=C6H4OH-p, h R=C6H4Br-p~, i R= 
=C6Ha(OCHa)=-o,m] ,n ~i ,v, y ,aa R=C~H4NO2.p, k R=C6HsCH=CH;a b d ,f _j X= 
=COOC2Hs, c,.e,,k X=COOCHa; l - -n  X=COCHa, o--q X=CN, r_v X=COSC~Hs, 
w-y, x--CSOC~H~, z aa X=CSSC~H~: IH a ~=C~H~,b ~C~H,m-r,, e R=c0p,a-p, 
d , f  R=C6H4NO=-p, r R=CaH4OCHa-p; a , c  X=COOCHa, , ' X=COOC~Hs,e , X =  

=COSC2Hs 

The present work offers a study of a new series of polycyclic 1,4-dihydropyridines, 
viz., i, 4-dihydrobenzothieno [ 3,2-b ]pyridine-5,5-dioxides (lla-aa, llla-f). The purpose of 
the work was to study the chemical, physicochemical, and biological properties of a new 
series of substances with a 1,4-dihydropyridine ring and to find the distinctive properties 
due to the introduction of a sulfonyl group instead of carbonyl in the indene segment. 

The starting materials, l-thionaphthen0ne-3-dioxide-l,l and its arylindene derivatives, 
were synthesized analogously to [3, 5]. Compounds such as llc-q, t-aa were obtained by con- 
densation of 2-arylidene-l-thionaphthenone-3-dioxides-l,l with enamine components iVa-g 
(esters of ~-aminocrotonic IVa,b, and ~-aminothiocrotonic acids IVe,f, etc.) in acetic acid 
with brief heating (method A). We also developed an improved method (method B), the conden- 
sation of 2-arylidene-l-thionaphthenone-3-dioxides-l,l with acetothioacetic esters and other 
B-diketones or their derivatives in the presence of ~mmonium acetate. Thus we avoided the 
sxn~hesis of the unstable sulfur-containing 8-aminocrotonic esters, and increased the yields 
of the desired products II substantially. Dihydrobenzothienopyridine-5,5-dloxides (lla,r) 
and the 4-methyl derivatives (lib,s) are available via the reaction of l~thionaphthenone-3- 
dioxide-l,l with enamine and aldehyde components, analogous to [2]. 

Compounds llh,j are oxidized by nitrogen oxides to the respective pyridines Va,b. Some 
II compounds were also alkylated at nitrogen by methyl iodide in acetonitrile in the presence 
of alkali to form N-methyldihydrobenzothienopyridines (Ilia-f). 

bW, IR, and PMR spectroscopic data confirm the structures of compounds lla-aa, lla-f, 
and Va,b (Tables i and 2). 

The general picture of the electronic structures of compounds !I is close to that of 
the carbonyl analogs !a-g, but II shows a 80-100 nm hypsochromic shift of the long-wave 
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~ a - ~  va-b  

IV a X=COOCH3, b X=COOC2H~, e X=COCH~, d X=CN. e X=COSC:Hs. f X= 
=CSOC2H> g X=CSSC=H~; V a R=C~}I~Br-p, X=COOC2Hs; b R=C~HaNO2-p, X= 

=COOC2Hs 

maximum " [ 2 ] .  The  l o n g - w a v e  maximum l i e s  i n  t h e  3 7 2 - 4 2 0  nm r e g i o n ,  d e p e n d i n g  o n  t h e  k i n d  o f  
substituents at positions 3 and 4. The substituent effect at position 4 follows the same 
regularities as in the 5-oxo-4,5-dihydro-IH-indeno[l,2-b]pyridines [2]. The hypsochromic 
shift of the long-wave maximum of about 15-20 nm takes place in going from the sulfones 
that are unsubstituted at position 4 (lla,r) to the 4-methyl (lib,s) and 4-aryl (lid,t) 
derivatives (Table i). Replacement of alkoxycarbonyl at position 3 by (ethylthio)carbonyl 
(llr-v), ethoxythiocarbonyl (llw-y), and (ethylthio)carbonyl (llz,aa) causes, in that 
sequence, a gradual b~thochromic shift of the long-wave maximum of about 15 nm. The color 
of the anion solution in aqueous alcoholic alkali also deepens in the same sequence from 
yellowish orange to dark red. The oxidized forms, pyridines Va,b, have no absorption in the 
above long-wave region. 

In the IR spectra of compounds lla-aa at 1145-1155 cm -z we found the absorption maximum 
of the ring sulfonyl group; in the region of the alkoxycarbonyl and (ethylthio)carbonyl 
substituent double bonds there is oxo absorption around 1706 and 1640-1650 cm -z, respective- 
ly, i.e., the thiol ether shows the typical 40-60 cm -z reduction [6] in the location of the 
carbonyl maximum wavelength. Compounds llk-q have an intense nitrile absorption maximum 
at 2210 cm -z 

The oxidized forms -- benzothienopyridines Va,b -- are characterized by high-frequency 
carbonyl absorption bands in the 1720-1725 cm -z region. 

The PMR spectra of compounds llw-y (Table 2) show a shift of the methylene and methyl 
proton signals of the ethoxythiocarbonyl substituent toward the weak field, as compared with 

TABLE 2 .  PMR Spectra of 1,4-Dihydrobenzothieno[3,2-b]pyri- 
dine-55-dioxides (i!a-d, r-aa and llla-e,h) 

Com- 
pound t" 

l la  1.31 
lib !,29 

IIc (3,5I) 
I[d 1,09 
fir 1,13 
Ilv 1,27 

Ilt t,02 
Ilu 1,02 

IIv 1,03 
t lw  1,22 
IlX 1,24 

lIy 1,33 
IiZ 1,1l  
I I a a  t,02 

lIIa (3,60) 
IIIb t,t8 
IlI e (3,60) 
IItd 1,18 
t l te  1,13 
I I l f  1,I6 

i* For lla,b PMR 
DMSO-d6. 

PMR spectrum, 6, ppm (DMSO-d~) 

--Ct.{~CH?* 2-CH# ~* --CHo-- R and arom. protons N--IP* 
(t, 3H) kS, 3H) (q,2"H) 4-CH ($ IH) 

2,38 
2,38 

2,40 
2.41 
2.t7 
2,30 

2,22 
2,33 

2,40 
2.38 
2,38 

2,44 
2.13 
2,07 
2,49 
2,51 
2,5t 
2.51 
2,47 
2,51 

4.18 
4,18 

3,97 
2,71 
2,89 

2,71 
2,71 

2,71 
4,33 
4,33 

4,42 
3,11 
3,04 

4,06 

4,07 
2,82 
2,84 

3,53 s 
4,08 q 

5,06 s 
5,09 s 
3,42s 
4,08 q 

5,07s 
4,98 s 

5,24 s 
i 5,49 s 

5,42 s 
I 5,67 s 
[ 5,24 s 
' 5,31s 
i 

t 5,29 s 
4,96 s 

I 5,00 s 
5,14s 

I 5,02 s 
I 5,24 s 

7,46--7,87 (m 4H) 
1,3t (d 3H); 
7,49--7,93 (m 4H) 
7,20--8,02 (nl 9H) 
7,t2--8,11 O n, 9H) 
7,56--7,93 ~n, 4H) 
0,98 (q ,  3H~; 
7,60--8,04 (m 4H) 
7,18--8,04 (m, 9H) 
3,62 (s, 3H): 
6,67--8,04 (rq 8H) 
7,44--8,13 r 8H) 
7,16--8,00 (rn 9H) 
3,60 (s, 3H) 
6,67--8,00 (m 8H) 
7,47--8,29 (m 8H) 
7,18--8,09 (m 9H) 
7,38--8,09 ~-n, 8H) 
7,24--8,02 In% 9H) 
7,17--8,02 Cm 8H) 
7,29--8,00 {m 8H) 
7,51--8.18 (m 8H) 
6,76--7.96 (m 8H) 
7,53--8,20 m, 8H) 

spectrumwas obtained 

8,5I 
9,09 

9,35 
9,73 
9,56 
9,78 

9,90 
9,84 

10,04 - 
9,82 
9,78 

10,07 
9,60 
9,73 

(3,69) 
(3,66) 
(3,73) 
(3,7t) 
(3,67) 
(3,7t) 

in CDCI3 with added 

2*Values for 3-CH3 (s, 3H) in parentheses. 
3*In DMSO-d& solution, signals overlap with those of solvent 
methyl. 
3*Values for N-CH3 (s, 3H) in parentheses. 
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TABLE 3. lonization Constants (pK) and Long-Wave Ab- 
sorption Maximum of 1,4-Dihydrobenzothieno[3,2-b]-py- 
ridine-5,5-dioxides II in 50% Ethanol 

C o m -  pound pK_+_0,l ?-max, C o l -  pK+0,l 'max" C o m -  '~,max, 
n m  pound nm pound PK-++~ roT1 

IIa 
l ib  
I ld  
IIf  
H h  
i l l  

13,4 
13,5 
1312 
13,2 
12,9 
12,5 

490 
465 
463 
467 
465 
480 

I I /  
I IO" 
l i t  
I ls  
l l t  

12,5 
11,5 
12,6 
12,7 
12,3 

480 
455 
503 
478 
480 

IIU 
llv 
llw 
I !y  
l !z  

12,4 
11,7 
12,3 
12,4 
12,3 

478 
484 
505 
500 
519 

TABLE 4. Electrochemical Oxidation Half-Wave 
Potentials of 1,4-Dihydrobenzothieno[3,2-b]- 
pyridine-5,5-dioxides (llc, f, j, t, u, w, x) 
and 5-Oxo-4,5-dihydro-iH-indeno[l,2-b]pyri- 
dines (la-g) 

C o m '  
pound ~tt2, V 

1,10 
1,15 
123 
1;os 

Ib 
Ic 
Id 
le 

Com- 
pound 

if 

IIf  
I l j  

E~,.~, V 

I,I0 
1,05 
1,33 
1,35 
1,43 

Com- 
pound 

I I t  
IIu 
I Iw 
IIX 

u ......... ~ , 

E,,2, V 

1,35 
1,32 
1,28 
1.20 

the ethoxycarbonyl derivatives lid, f, j and the thiol ethers llt-v (Table 2). The methylene 
proton signals of ethoxycarbonyl have a certain paramagnetlc shift relative to the protons 
of (ethylthio)carbonyl. An analogous weak field shift occurs in thioketones and thiomides 
at the C--H protons in a-positlon to thiocarbonyl [7, 8]. The same features of an XC shift 
of a-CH protons appear in sulfur-containing ester substituents, and in the protons of 
--OCHaCHs and --SCHaCHa segments of these groups in esters of the simplest thiocarboxylic 
acids [9]. Introduction of a sulfonyl group (structure II) instead of carbonyl (structure 
I) increases the pK by 0.5-0.7 units on average (Table 3). Substituents at position 4 
increas~ the acidity of II in the sequence: CHs < H < C6H,R, in agreement with the increase 
in their electron acceptor properties. 

Replacement of the cyclic oxo group (structure I) by sulfonyl (structure II) increases 
the electrochemical oxidation potentials by 0.15-0.27 V (Table 4). 

The nature of the electron acceptor substituent X at the 8-position of the 1,4-dihydro- 
pyridine ring has relatively little effect on the electrochemical oxidation potential and 
the pK values. 

EXPERIMENTAL 

IR spectra were obtained on a UR-20 instrument in mineral oll and hexachlorobutadlene. 
UV spectra were obtained on a Specord UV-vis instrument in 4,10 -s M ethanol solutions. PMR 
spectra were obtained in Perkin-Elmer R 12 A (60 MHz) and Bruker WH 90/DS (90 MHz) instru- 
ments. Internal standards were HMDS and TMS. Electrochemical oxidation potentials were 
determined by a previously described procedure with a LP-7 automatic recording polarograph 
in acetonitrile using a rotating platinum mlcroelectrode [10]. 

Ionization constants were determined spectrophotometrically [ii] using the analytical 
anion wave in the long-wave region. 

Properties of the synthesized substances are shown in Table i. 

2-Methyl-l,4-dihydrobenzothieno[3,2-b]pyridine-5~5-dioxides ' (lla, r). To 0.91 g (5 
mmole) of l-thionaphthenone-3-dioxide-l,l in 5 ml of toluene was added 7 mmole of the cor- 
responding 8-aminocrotonic ester IVb,e. The mixture wasboiled with excess paraformalde- 
hyde for 30 min, then about half of the toluene was distilled off. Upon cooling a yellow 
material precipitated which was crystallized from acetic acid. 
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2,4-Dim@thyl-l,4-dihydrobenzothieno[3,2-b]pyridine-5~5-dioxides (llb,s~ Yo 0.91 g 
(5 mmole) of l-thionaphthenone-3-dioxide-l,l in I0 ml of toluene were added i0 ml of the 
corresponding 8-aminocrotonic ester IVb,e and 2,8 ml (i0 mmole) of acetaldehxde. The 
mixture was boiled for 30 min, then about half of the toluene was distilled off. Upon 
cooling a yellow material precipitated that was crystallized from acetic acid. 

2-Methyl-4-aryl-l,4-dihydrobenzothieno[3, 2-b]pyridine-5,6-dioxides (llc-q, t-aa). 
A) A mixture of 50 mmole of 2-arylidene-l-thionaphthenone-3-dioxide-!,l, 55 mmole of the 
corresponding 8-aminovinyl component IVa-g, and 25 ml of acetic acid was boiled for 30 min. 
After cooling a yellow material precipitated, which was crystallized from acetic acid, 
ethanol, or DMFA. 

B) A mixture of 10 mmole of 2-arylidene-l-thionaphthenone-3-dioxide-l,l 15 mmole of 
the corresponding sulfur-containing acetoacetic ester, i0 ml of acetic acid, and 7.7 g (i00 
mmole) of ammonium acetate was boiled for i0 min. After cooling, the yellow precipitate was 
separated and crystallized from acetic acid, ethanol, or DMFA. 

1,2-Dimethyl-4-aryl-l,4-dihydrobenzothieno [3,2-5]pyridine-5,5-dloxides (IIIa-f). In 
60 mi of acetonitrile there was dissolved 3 mmole of IIc,e,h,J,u,v; 0.16g (4 mmole) of 
finely crushed sodium hydroxide was added, and the mixture was boiled for 5 min. To the 
red solution was added 4.32 g (30 mmole) of methyl iodide, and the mixture was heated on 
the water bath until the red color disappeared. The solvent was distilled off in vacuum, 
the residue was dissolved in 30 ml of water, and the yellow material was crystallized from 
ethanol or acetic acid. 

2-Methyl-4-arylbenzothieno[3,2-b]pyridine-5,5-dioxldes (Va,b). The corresponding 
compound IIh, j was dlssolved in 3 ml of glacial acetic acid, 1 g (15 mmole) of sodium 
nitrite was added, and after 10 min the mixture was diluted with I0 ml of water. The color- 
less precipitate was crystallized from acetic acid. 

LITERATURE CITED 

i. V. Petrow, J. Saper, and B. Sturgeon, J. Chem. Soc., 2134 (1949). 
2. B. A. Vigante, Ya. Ya. Ozo!s, and G. Ya. Dubur, Izv. Akad. Nauk. Latv. SSR, Ser. Khim., 

No. 6, 707 (1980). 
3. F. Feist, Chem. Ber., 58, 2311 (1925). 
4. M. A. Matskanova, Cyclic 8-Diketones (G. Vanag, edo) [in Russian], Izd. Akad. Nauk 

Latv. SSR, Riga (1961), p. 285. 
5. M. A. Matskanova and G. Ya. Vanag, Dokl. Akad. Nauk SSSR, 132, 615 (1960). 
6. A. W. Baker and G. H. Harris, J. Am. Chem. Soc., 82, 1923 (1960). 
7. H. Bredereck, G. Simchen, and B. Funke, Chem. Bet., 104, 2709 (1971). 
8. F. Duus, in: General Organic Chemistry (D. Barton, ed.) [Russian translation], Vol. 5, 

Khimiya, Moscow (1983), p. 564. 
9. R. Radeglia, S. Scheithauer, and R. Mayer, Z. Naturf. B, 24, 283 (1969). 

I0. Ya. P. Stradyn', G. Ya. Dubur, Yu. I. Beilis, Ya. R. Uldrikis, and A. F. Korotkova, 
Khim. Geterotsikl. Soedin,, No. I, 84 (1972). 

!i. A. Albert and E. SerJeant, Ionization Constants of Acids and Bases, Wiley (1962). 

1271 


