1,4-DIHYDROBENZOTHIENO[ 3, 2-b JPYRIDINE-5, 5~DIOXIDES
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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 1s considered.

'5-0xo~4,5~dihydro-1,4-indeno[1,2-blpyridines (I) with an electron acceptor substituent
X in the B-position are kmown [1, 2].
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The present work offers a study of a new series of polycyclic 1,4-dihydropyridines,
viz., 1l,4-dihydrobenzothieno{3,2-blpyridine~5,5~dioxides (Ila-aa, I1Ia-f). The purpose of
the work was to study the chemical, physicochemical, and bioclogical 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-thionaphthenone-3~dioxide-1,1 and its arylindene derivatives,
were synthesized analogously to [3, 5]. Compounds such as IIc-q, t-aa were obtained by con-
densation of 2-arylidene-l-thionaphthenone-3-dioxides-1,1 with enamine components IVa-g
(esters of B-aminocrotonic IVa,b, and B-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-1,1 with acetothioacetic esters and other
B-diketones or their derivatives in the presence of ammonium acetate. Thus we avoided the
synthesis of the unstable sulfur-containing B-aminocrotonic esters, and increased the yields
of the desired products II substantially. Dihydrobenzeothienopyridine-5,5~dioxides (IIa,r)
and the 4-methyl derivatives (IIb,s) are available via the reaction of l-thionaphthenone-3-
dioxide~1,1 with enamine and aldehyde components, analogous to {2].

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

UV, IR, and PMR spectroscopic data confirm the structures of compounds IIa-aa, IIa-f,
and Va,b (Tables 1 and 2).

The general picture of the electronic structures of compounds II is close to that of
the carbonyl analogs Ia-g, but II shows a 80-100 nm hypsochromic shift of the long-wave
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maximum [2]. The long-wave maximum lies in the 372-420 nm region, depending on the kind of
substituents at positions 3 and 4. The substituent effect at position 4 follows the same
regularities as in the 5-oxo-4,5-dihydro-1H-indeno{l,2-blpyridines [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 (IIa,r) to the 4-methyl {(IIb,s) and 4-aryl (I14d,t)
derivatives (Table 1). Replacement of alkoxycarbonyl at position 3 by (ethylthio)carbonyl
(IIr~v), ethoxythiocarbonyl (IIw-y), and (ethylthio)carbonyl (IIz,a2a) 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
vellowish 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 Ila-aa at 1145-1155 cm * we found the absorption maximum
of the ring sulfonyl group; in the region of the alkexycarbonyl and (ethylthio)carbonyl
substituent double bonds there is oxo absorption around 1706 and 1640-1650 cm~', respective-
ly, i.e., the thiol ether shows the typical 40-60 cm™' reduction [6] in the location of the
carbonyl maximum wavelength. Compounds IIk-q have an intense nitrile absorption maximum
at 2210 cm™t.

The oxidized forms — benzothienopyridines Va,b — are characterized by high~frequency
carbonyl absorption bands in the 1720-1725 em™' region.

The PMR spectra of compounds IIw-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-Dihydrobenzothienc[3,2-b]pyri-
dine-5,5~dioxides (Ila~d, r-aa and IIla-e,h)

c PMR spectrum, &, ppm (DMSO-dg)
O~
e | _crcH! 2-CH | —CH— N—1i"
pound G G5 (a5 1.CH R and arom, protons (s 1)
HE 1,31 238 418 3,53 s 7.46—7,87 (m 4H) 8,51
b 1,29 2,38 4,18 4,08 ¢ 1.31 @ 3Hj; 9,09
7,49—7.93 {(m 4H)
Tic {3,51) 240 — 5,068 7,20—8,02 {m SH) 935
ird 1,09 241 3,97 5.09 s 7,12—8,11 M OH) 9,73
Jir 1,13 217 2,71 3,428 7.56—7,93 (m, 4H) 9,56
v 1,27 2,30 2,89 | 40849 098 (4, 3H): 9,78
7,60—8,04 (m 4H)
It 1,02 2,22 2,71 507s 7,18—8,04 (m, GH) 9,90
Hu 1,02 2,33 2,71 4,98s 3,62 (s, 3H): 9,84
6,67—8.04 (M 8H)
1187 1,03 2,40 2,71 524s 744—8,13 m, 8H) 10,04 -
w 1,22 2,38 4,33 5,498 7,16—8,00 (m 9H) 9,82
Ix 1,24 2,38 4,33 5428 3,60 (s, 3H) 9,78
6,67—8,00 (m 8H)
11y 1,33 2,44 4,42 5,675 7,47—8,29 (m 8H) 10,07
Ik 1,11 213 3.11 524 7,18—8,09 (m 9H) 9,60
raa 1,02 2,07 3,04 5318 7.38—8,09 gn, 8H) 973
I11a (3,60) 2,49 — 529 s 7.24—8,02 {m 9H) (3.69)
1i1b 1,18 2,51 4,06 | 496s 7,17—8,02 (m 8H) (3,66)
e (3,60) 2,51 — 5,00 s 7,29—8,00 (m 8H) (3.73}
1iid 1,18 2.51 4,07 5,145 7,51—8.18 (m 8H) 38,71
lle 1,13 2,47 2,82 502 s 6,76—7.96 {m 8H) (3.67)
mf 1,16 2,51 2,84 5245 7,53—8,20 fm, 8H) (3,71)

1* ForIlla,b PMR spectrumwas obtained in CDCls with added
DMSO~ds.

2*Values for 3-CH; (s, 3H) in parentheses.

3*In DMSO~d; solution, signals overlap with those of solvent
methyl.

3%Values for N-CH; (s, 3H) in parentheses.
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TABLE 3. Ionization Constants (pK) and Long-Wave Ab-
sorption Maximum of 1,4~Dihydrobenzothieno[3,2~b]l-py-
ridine-5,5-dioxides Il in 50% Ethanol

Com~ - Taaxe | COM= “max | Com= . Amaxe

pound | "= 1ym™ lpound | P4=01 | F ) pound R0} O
iTa 13,4 490 jivA 12,5 430 ITu 12,4 478
11b 13,5 465 10" 11,5 455 1iv 11,7 484
Iid 13,2 463 1084 12,6 503 1w 12,3 505
nf 13,2 467 1ls 12,7 478 Iy 12,4 500
Ith 12,9 465 It 12,3 480 11z 12,3 519
Hi 12,5 480

TABLE 4, Electrochemical Oxidation Half-Wave
Potentials of 1,4-Dihydrobenzothienco(3,2-b]~
pyridine-5,5-dioxides (IIc, £, j, t, u, w, x)
and 5-0xo~4,5-dihydro~1H-indeno{l,2-blpyri~
dines (Ia-g)

Com- Com- Com-

pound Eua, V pound Eun V ‘ pound Eus V
Ia 1,10 14 1,10 1t 1,35
ib 1,15 ig 1,05 {lu 1,32
Ic 123 1o 133 | Iw 128
id 1,08 1 1,35 Iix 1,20
e — 11 1,43

the ethoxycarbonyl derivatives IId, £, j and the thiol ethers IIt-v (Table 2). The methylene
proton signals of ethoxycarbonyl have a certain paramagnetic shift relative to the protons

of (ethylthio)carbonyl. An analogous weak field shift occurs in thioketones and thiomides
at the G-H protons in a=-position to thiocarbonyl [7, 8]. The same features of an XC shift

of g~CH protons appear in sulfur-containing ester substituents, and in the protons of
—0CH,CH; and —-SCH,CHs segments of these groups in esters of the simplest thiocarboxylic

acids [9]. Introduction of a sulfonyl group (structure 1I) instead of carbonyl (structure

I) increases the pK by 0.5-0.7 units on average (Table 3). Substituents at position &
increas~ the acidity of II in the sequence: CHa < H < CgHiR, 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 B-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 oil and hexachlorobutadiene.
UV spectra were obtained on a Specord UV-vis instrument in 4+107° M ethanol solutions. PMR
spectra were obtained in Perkin-Elmer R 12 A (60 MHz) and Bruker WH 90/DS (90 MHz) instru~
ments. Intermnal 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 microelectrode [10].

Ionization constants were determined spectrophotometrically [11] using the analytical
anion wave in the long~wave region.

Properties of the synthesized substances are shown in Table 1.

2-Methyl-1,4~dihydrobenzothienc[3,2~-blpyridine-5,5~dioxides (IIa, r}. To 0.91 g (5
mmole) of l-thionaphthenone~3-dioxide-1,1 in 5 ml of toluene was added 7 mmole of the cor-
responding B-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-Dimethyl-1,4-dihydrobenzothieno[3,2-blpyridine-5,5~dioxides (IIb,s). To 0.91 g
(5 mmole) of l-thionaphthenone-3-dioxide-1,1 in 10 ml of toluene were added 10 ml of the
corresponding B-aminocrotonic ester IVb,e and 2.8 ml (10 mmole) of acetaldehyde. 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-1,4~dihydrobenzothieno{3, 2~-blpyridine-5,6~dioxides (Ilc-q, t—-aa).
A} A mixture of 50 mmole of 2-arylidene-l-thionaphthenone-3-dioxide-1,1, 55 mmole of the
corresponding B-aminovinyl component IVa-g, and 25 ml of acetic acid was boiled for 30 mim.
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~1,1 15 mmole of
the corresponding sulfur~containing acetoacetic ester, 10 ml of acetic acid, and 7.7 g (108
mmole) of ammonium acetate was boiled for 10 min. After cocling, the vellow precipitate was
separated and crystallized from acetic acid, ethanol, or DMFA.

1, 2-Dimethyl~4-aryl-1,4-dihydrobenzothieno [3,2~b]pyridine~5, 5~dioxides (I1IIa-f). In
60 ml 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 sclvent 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-dioxides (Va,b). The corresponding
compound IIlh, ] was dissolved 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 10 ml of water. The color—
less precipitate was crystallized from acetic acid.
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