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Abstract
Within the frame of the synthesis of glycine antagonists, a series of novel thieno[2,3blpyridinones with substituted phenyl residues in position 5 were synthesised to investigate
the importance of the torsion angle between the pyridinone skeleton and the phenyl ring for
binding affinity. The parent compound, 4-hydroxy-5-phenylthieno[2,3-b]pyridine-6(7H)-one,
and its thienyl analogue, exhibited highest potencies, whereas compounds with orthosubstituted aryl moieties in position 5 showed decreased activities. This seems to be due to
unfavourable steric interactions and increased torsion angles between the thieno[2,3blpyridinone system and the aryl substituent in position 5. Further evidence is drawn by
QSAR studies, which showed an inverse relationship between the size of the ortho-substituent
and the binding affinity.

Introduction
The glycine binding site of the NMDA-receptor is one of the most promising targets for
therapy of cns disorders, such as Morbus Parkinson, epilepsy and stroke. Based on the well
established benzene-thiophene bioisosterism,' we synthesised a series of thieno[2,3b]pyridinones23 with structural analogy to quinoline-type glycine antagonists.* Several
-

*

-

Dedicated to Univ.-Prof. Dr. W. Kubelka with our best wishes on the occasion of his 65& birthday

H.-I? B u c h s t a l I e r etal.:

)

<.

.,.

*

I

-,..
1.

compounds showed Ki-values in the nanomolar range2 and led us to refine the binding site
model proposed by Kemp and Leeson (Figure I).' The amino group acts as H-bond donor and
the hydroxy group, which strictly spoken is a vinylogous carboxy group, serves as H-bond
acceptor. Additionally, a Coulomb-type interaction between positively charged amino acids
and both the carbonyl group and the aryl substituent in position 5 has been

In this

case, the torsion angle between the aryl moiety and the thienopyridinone skeleton is of major
importance for this interaction.
bulk tolerance
cgion

A
H-bond acceptor

Figure 1: Modified "Kemp-Leeson-Model"

Thus, bulky substituents in ortho-position of the 5-phenyl ring should force the aromatic
system out of plane and thus enable to investigate the importance of the torsion angle between
the pyridinone skeleton and the phenyl ring. To further address this working hypothesis, we
synthesised and tested a series of ortho- and para-substituted phenyl analogues as well as the
corresponding 2-pyridyl and the 2-thienyl derivatives (Figure 2).
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Figure 2: Thieno[2,3-blpyridinones with different substitution patterns
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Chemistry
Synthesis of the desired compounds 13-22 was achieved in two steps (Scheme 1). Thus, 2aminothiophenes 1 and 28 were acylated with the corresponding acid chlorides to yield the
phenyl and thienyl analogues 3-11. The pyridyl compound 12 was obtained by DCC coupling
of 2-pyridylacetic acid formed in situ from 2-pyridylacetic acid hydrochloride and
triethylamine with the aminothiophene. Subsequent cyclisation was achieved at low
temperature using a solution of potassium bis(trimethylsily1)amide in toluene or THF.

R'
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I

,COOCH,

Scheme 1

Binding Affinity
Compounds 13-22 were evaluated in in vitro assays for their abilities to displace [3~]glycine
from rat brain membranes. Full details of the methods used have been published.9
Briefly, affinity to the glycine binding site was measured by competition of the binding of
[3~]glycineto membranes prepared from rat hippocampus. For the determination of ICsa
values, membranes were incubated with 10 nrnoVl [3~]glycine and five different

H.-I? B u c h s t a I I e r et al.:

6

concentrations of the antagonist. Incubations were run on ice and started by the addition of
membrane suspension corresponding to approximately 1 mg original tissue weight per vial of
1 ml incubation volume. Vials were centrifuged at 44000g and the resulting pellets incubated

at 60 "C. Finally, 2.5 ml of water-miscible scintillation cocktail (ultima gold, Packard) was
added and samples were quantified in a p-counter. Affinity values for compounds 13-22 are
shown in Table 1.

Molecular Modeling and QSAR-Studies
Conformational studies were performed using the software package INSIGHT I1 (MSI
Munich, Germany) installed on a SGI Indigo2 workstation. Both force field
(DISCOVER/cvff) and semiempirical methods (MOPACIAMl) were used for calculation of
low energy conformations. Using these conformations as starting geometries, the torsion
angle cp was varied in increments of 5". Subsequent optimisation with the "torsion force"
option and calculation of the corresponding energy values gave the torsion anglelenergy
relationship curves shown in Figure 3 and allowed the estimation of relative rotational
barriers (Table 1).

torsion angle (")
Figure 3: Calculated rotational barriers for four different compounds
For the lead compound 13, a rotational barrier of 9.1 kcallmol was calculated. Additionally,
13 exhibits a series of low energy conformations in the range of cp = 50 - 130". In case of the
ortho-substituted analogues 15-18, an increased rotational barrier is observed, which is
accompanied by a decreased range of the torsion angle

for low energy conformations
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(70-120"). para-Analogues 19 and 20 show rotational barriers almost identical to the
unsubstituted derivative 13. Both the thienyl derivative 21 and the pyridyl analogue 22 exhibit
lower rotational barriers than the lead compound 13. The tendency for planar arrangement for
compound 22 might be enhanced by an intramolecular hydrogen bond from the pyridyl
nitrogen atom to the hydroxy group at position 4, which is observed at cp values of 0 +70°.
Lipophilicity values expressed as logP were calculated using the software package
ChemDraw (CS-Cambridge) and are given in Table 1. L and sigma values were taken from
~ e f . " . In case of 21 and 22, L values for hydrogen were taken for R2 and R3. Multiple linear
regression analyses were performed with EXCEL 97 (Microsoft) installed on a pentiwn I1
personal computer. For leave one cross validations, the software package MULREG (K.-J.
Schaper, Borstel) was used.
Table 1: chemical structure and physicochemical parameters for compounds 13-22

#

RI

R~

R3

Ki (PM) Emin(O) (KcaVmol)

10g~

L

G

Results and Discussion
A series of 5-substituted thieno[2,3-blpyridinones was synthesised to investigate the role of
the torsion angle between the pyridinone skeleton and the phenyl ring on binding affinity to
the glycine binding site of the NMDA-receptor. Highest activity was shown by the 3-methyl
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derivative 14, followed by the parent compound, 4-hydroxy-5-phenylthieno[2,3-b]pyridine6(7H)-one (13), and its thienyl analogue 21 (Ki r 20 pM), whereas compounds with orthosubstituted aryl moieties in position 5 generally showed decreased activity with an ranking
order F >> CH3 > C1 > Br. Comparison of ortho-substituted compounds 15 and 16 with their
para-substituted congeners 19 and 20 demonstrates, that the decrease of pharmacological
activity seems to be due to steric rather than electrostatic influences. Thus, the fluoro
derivatives 15 and 19 exhibit almost identical activity, whereas the ortho-chloro analogue 16
is fourfold less active than the corresponding para-chloro derivative 20. Nevertheless,
substitutents on the phenyl ring influence binding affinity also via their electrostatic
contribution. This is demonstrated by the ranking order H > F > C1, which corresponds to the
respective o, values (H: 0.00, F: 0.06, C1 0.23). The 2-thienyl derivative 21 is almost
equipotent to its phenyl analogue 13, which is in accordance to the bioisosterism of the ring
systems. The 2-pyridyl compound 22 shows a tenfold decrease of binding affinity in
comparison to lead compound 13, which might reflect the lower log P value (1.23 vs. 2.14).
An identical relationship might account for the increase of activity of compound 14.
Conformational studies showed, that ortho-substitution leads to increased rotational barriers
and a smaller range of cp for low energy conformations. This decrease of conformational
flexibility is accompanied by a decrease of pharmacological activity. Para-substituted
derivatives 19 and 20 show rotational barriers and conformational flexibility comparable to
lead compound 13. In contrast to the ortho-derivatives 15-18, compounds 19 and 20 show
activities comparable to 13. Although the 2-pyridyl derivative 22 exhibits high
conformational flexibility, its binding affinity is remarkably lower than those of its phenyl
analogue 13. This might be due to the proposed hydrogen bond between the hydroxy group
and the pyridine nitrogen atom, which renders a donorlacceptor interaction with the receptor
site more difficult.
To further strengthen steric hindrance as the main reason for decreased activity of orthosubstituted derivatives, a series of multiple linear regression analyses was performed. Despite
the STERIMOL parameter L for description of steric influences and the SIGMA HAMMET
constant o,which accounts for electrostatic ones, also LogP values were calculated to address
the general importance of lipophilicity in QSAR studies. When using logP, L and o as
descriptor set for multiple linear regression analysis, both o and logP showed no statistical
significance on the 95% confidence level (t-test). The lowest t-value was observed for the
electronic descriptor a. When using logP and L, both variables showed significance on the
90% confidence IeveI. Nevertheless, logP alone gave extremely bad results (equations 1-3).
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Although the multiple correlation coefficients r are high, the predictive power expressed as
cross validated Q~ values is extremely low for all three models (Table 2). Based on an overall
valuation of statistical parameters, the combination of logP and L seems to give the best
model (equation 2).
Table 2: Statistical parameters of equations 1-5
Equ.

Parameters

Compounds

1

10gP

2

Q~~~

r

F

13-22

0.04

0.012

-2.27

IogP, L

13-22

0.85

8.95

-0.04

3

logP, L, o

13-22

0.90

5.48

-0.62

4

logP, L

13-19,21,22

0.92

16.49

0.47

5

logP, L

13,14,16-19,21,22

0.95

23.77

0.73

Figure 4 shows a plot of observed vs. calculated Ki values. Analysis of the residuals showed,
that the largest differences between observed log(l/Ki) and calculated log(l/Ki) is obtained
for the para-chloro derivative 20 (A = 0.52) and the ortho-fluoro analogue 15 (A = 0.43).

Figure 4: Correlation of observed vs. calculated log(l/Ki) values
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Stepwise optimisation of the analysis by exclusion of these compounds from the data set led
to equation 5, which shows a remarkable increase of the predictive power (Table 2, Figure 5).
l0g(lKi) = 0.54 (k0.28) 10gP - 0.82(+0.19) L - 1.02 (k0.6 1)

equ. 2

l0g(lKi) = 0.75 (k0.24) 10gP - 0.98 (k0.17) L - 1.05 (L0.49)

equ. 5

Figure 5: Plot of observed vs. predicted log(l/Ki) values for the final equation (5)
Analysis of the coefficients demonstrates, that high lipophilicity is beneficial for activity.
Additionally, the negative sign of the STERIMOL descriptor L is a strong hint for
unfavourable steric influence of the ortho-substituent. Substitution pattern of the outlayers 15
and 20 gives some hints on an additional electronic influence, which would strenghten the
hypothesis of an electrostatic interaction with the aromatic system. Although this series was
planed based on the Kemp-Leeson-model, we could not obtain an increasing activity by
increasing the size of ortho-substuents. Also the outlayer-effect of 15 and 20 needs to be
investigated further.

Summary
A series of novel thieno[2,3-blpyridinoneswith ortho-substituted phenyl residues in position

5 was synthesised to address the question whether enforced out of plane conformation of the
phenyl ring enhances activity due to an additional ion-dipole interaction with a positive
charge on the receptor site. The parent compound, 4-hydroxy-5-phenylthieno[2,3-blpyridine6(7H)-one, and its thienyl analogue, exhibited highest potencies, whereas compounds with
ortho-substituted aryl moieties in position 5 showed decreased activities. QSAR studies
revealed an inverse relationship between the size of the ortho-substituent and the binding
affinity indicating unfavourable steric interactions. Alternatively, loss of activity may also be
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due to an out of plane conformation of the phenyl ring forced by ortho-substitution, which
suggests a biologically active conformation with a torsion angle lower than approximately
30".

Experimental
Melting points were determined on a Kofler apparatus and are uncorrected. Vacuum flash
chromatography (VFC) and thin layer chromatography (TLC) were performed on silica gel 60
(Merck). Microanalysis indicated by the symbols of the elements were within 0.3% of
theoretical values and were performed by the Institute of Organic Chemistry, University of
FrankfurtIMain (CHN-Rapid, Heraeus). 300 MHz 'H NMR spectra were recorded on a
Bruker AC 300,200 MHz 'H NMR spectra on a Bruker AC 200 spectrometer; chemical shifts
were reported in parts per million relative to tetramethylsilane. Petroleum ether was distilled
before use. Dichlorrnethane was refluxed over P205 and distilled, dioxane and THF were
refluxed over sodium and distilled. Other chemicals and solvents were used in standard
commercial quality. Abbreviations: DCC, N, N'-dicyclohexylcarbodiimide; DCM,
dichlormethane; DMSO, dimethylsulfoxide; THF, tetrahydrofuran.
Acetylation of 3-11 - General procedure
To a solution of 10 mrnol of the 2-aminothiophenes 1 and 2 in 10 ml anhydrous dioxane 1.3
equiv. phenylacetylchloride, dissolved in anhydrous dioxane, were added dropwise at ambient
temperature. After complete addition the mixture was heated to reflux and was stirred until no
HCI-gas formation was longer observed. The solvent was removed under vaccum and the
residue was dissolved in DCM. The resulting solution was washed with 2N HCl and 5%
NaHC03 solution, dried (Na2S04), filtered and evaporated to dryness. The resulting crude
products were recrystallized from ether and further purified by VFC.

2-[(Phenylacetyl)amino]thiophene-3-carboxylic acid methyl ester (3)
VFC: DCM; yield: 93 %; colourless crystals; mp 88.5-90 OC; 'H NMR (300 MHz, CDC13): 6
10.84 (s, br, lH, NH); 7.49-7.28 (m, 5H, aromat. H, Ph); 7.14 (d; lH, 4-H); 6.70 (d; lH, 5-H);
3.83 (s, 2H, CO-g2-Ph ); 3.78 (s, 3H, OCH3).

4-Methyl-2-[@henylacetyl)amino]thiophene-3-carboxylic acid methyl ester (4)
Yield: 91 %; colourless crystals; mp 105.5-106.5 OC; TLC: DCM, Rf 0.46; 'H NMR (300
MHz, CDC13): 6 11.20 (s, br, lH, NH); 7.48-7.30 (m, 5H, aromat. H, Ph); 6.36 (s, lH, 5-H);
3.84 (s, 2H, CO-CJ2-Ph); 3.77 (s, 3H, OCH3); 2.32 (s, 3H, CH3); CHN calcd: C 62.26 H 5.23
N 4.84; found: C 62.29 H 5.36 N 4.99.
2-{[(2-Fluorophenyl)acetyl]amino)thiophene-3-carboxylic acid methyl ester (5)
VFC: DCM; yield: 74 %; colourless crystals; mp 84-85 "C; TLC: DCM, Rf 0.33; 'H NMR
(200 MHz, CDC13): 6 10.99 (s, br, lH, NH); 7.44-7.05 (m, 5W 4H, aromat. H, Ph; lH, 4-H);
6.73 (d, lH, 5-H); 3.88 (d, JW= 1.3 HZ, 2H, CO-CFJ2-Ph); 3.80 (s, 3H, OCH3); CHN calcd: C
57.33 H 4.12 N 4.78; found: C 57.59 H 4.22 N 4.78.
2-{[(2-Chlorophenyl)acetyi]amino)thiophene-3-carboxylic acid methyl ester (6)
VFC: DCM; yield: 76 %; yellow crystals; rnp 100-101 OC; TLC: DCM, Rf 0.39; 'H NMR
(200 MHz, CDC13): 6 10.88 (s, br, 1H, NH); 7.45-7.16 (m, 4H, arom. H, Ph); 7.12 (d, 1H, 4H); 6.68 (d, lH, 5-H); 3.91 (s, 2H, CO-m2-Ph); 3.75 (s, 3H, OCH3); CHN calcd: C 54.28 H
3.90 N 4.52; found: C 54.52 H 3.96 N 4.50.
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2-{[(2-Bromophenyl)acetylJamino)thiophene-3-carboxylic acid methyl ester (7)
VFC: DCM; yield: 80 %; yellow crystals; mp 97-98 OC; TLC: DCM, Rf 0.4; 'H NMR (200
MHz, CDC13): 8 10.92 (s, br, lH, NH); 7.64 (dd, lH, 3'-H, Ph); 7.48-7.12 (m, 4H: therein 3
arom. H , Ph); 7.20 (d, lH, 4-H); 6.74 (d, 1H, 5-H); 4.0 1 (s, 2H, CO-m2-Ph); 3.82 (s, 3H,
OCH3); CHN calcd: C 47.47 H 3.41 N 3.95; found: C 47.44 H 3.40 N 3.96.
2-{[(2-Methylphenyl)acetyl]amino)thiophene-3-carboxylic acid methyl ester (8)
VFC: DCM; yield: 76 %; yellow crystals; mp 117-118 OC; TLC: DCM, Rf 0.39; 'H NMR
(200 MHz, CDC13): 6 10.71 (s, br, IH, NH); 7.37-7.22 (m, 4H, arom. H, Ph); 7.17 (d, 1H, 4H); 6.71 (d, IH, 5-H); 3.85 (s, 2H, CO-m2-Ph); 3.75 (s, 3H, OCH3); 2.37 (s, 3H, CH3); CHN
calcd: C 62.26 H 5.23 N 4.84; found: C 62.30 H 5.34 N 5.01.

2-{[(4-Fluorophenyl)acetyl]amino)thiophene-3-carboxylic acid methyl ester (9)
VFC: DCM; yield: 66 %; colourless crystals; mp 102.5-104 OC; TLC: DCWpetroleum ether 211, Rf0.2; 'H NMR (200 MHz, CDC13):6 10.92 (s, br, lH, NH); 7.40-7.24 (m, 2H, arom. H,
3'-H, Ph); 7.20-7.00 (m, 3W lH, 4-H; 2H, arom. H, 2'-H, Ph); 6.72 (d, lH, 5-H); 3.81 (s, 3H,
OCH3); 3.80 (s, 2H, CO-CH~-P~);
CHN calcd: C 57.33 H 4.12 N 4.78; found: C 57.52 H 4.23
N 4.75.

2-{[(4-Chlorophenyl)acetyljamino)thiophene-3-carboxylicacid methyl ester (10)
VFC: petroleum ether/DCM - 111; yield: 85 %; colourless crystals; mp 100-101 OC; TLC:
DCM, Rf 0.51; 'H NMR (300 MHz, CDC13): 6 10.96 (s, br, lH, NH); 7.40-7.28 (m, 4H,
arom. H, Ph); 7.18 (d, lH, 4-H); 6.74 (d, lH, 5-H); 3.84 (s, 3H, OCH3); 3.81 (s, 2H, CO-CH2Ph); CHN calcd: C 54.28 H 3.90 N 4.52; found: C 54.24 H 3.99 N 4.47.
4-Methyl-2-[(2-thienylacetyl)amino)thiophene-3-carboxyIicacid methyl ester (11)
Yield: 9 1 %; colourless crystals; mp 114-115 OC; TLC: DCM, Rf 0.5 1; 'H NMR (300 MHz,
CDC13): 6 11.20 (s, br, IH, NH); 7.32 (d, lH, 5'-H, Th); 7.13-6.95 (m, 2W 3'-H, 4'-H, Th);
6.38 (s, lH, 5-H); 4.05 (s, 2H, CO-m2-Th); 3.76 (s, 3H, OCH3); 2.33 (s, 3H, CH3); CHN
calcd: C 52.86 H 4.44 N 4.76; found: C 52.86 H 4.56 N 4.86.

2-[(2-Pyridylacetyl)amino]thiophene-3-carboxylic acid methyl ester (12)
1.44 g (9.16 mmol) 2-aminothiophene-3-carboxylic acid methyl ester (1) and 1.75 g (10.1
mrnol) 2-pyridylacetic acid hydrochloride was dissolved in a mixture of 1.44 ml (10.1 rnmol)
triethylamine and 15 ml anhydrous DCM. The mixture was cooled to 0 OC and a solution of
1.9 g (10.1 mmol) DCC, dissolved in 15 ml anhydrous DCM, was added. After 16.5 h the
reaction mixture was filtered and washed with water. The organic layer was dried with
Na2S04,filtered and evaporated to dryness. VFC: (etherlpetroleum ether - 111) of the crude
product gave 12. Yield: 2.05 g (81 %); colourless crystals; mp 43.5-45 OC; TLC:
DCMfMeOH - 911, Rf 0.7; 'H NMR (300 MHz, CDC13): 6 12.11 (s, br, 1H, NH); 8.75-7.30
(m, 4H, Py); 7.20 (d, lH, 2'-H, 'J = 5.7 Hz); 6.72 (d, lH, 3'-H, 'J = 5.7 Hz); 4.03 (s, 2H, COCH2-Py);
- 3.90 (s, 3H, OCH3); CHN calcd: C 56.51 H 4.74 N 10.14; found: C 56.76 H 5.57 N
10.16.
Cyclization - General procedure to 13-21
2 rnmol3-11 were dissolved in 4-5 ml anhydrous THF and the solution was cooled to -70 OC.
2.2 equiv. of a 0.5 M solution of KN[Si(CH3)3]2 in toluene or a 1 M solution in THF,
respectively, were added dropwise. The reaction mixture was stirred overnight and warmed
up to room temperature. After evaporating to dryness the residue was dissolved in water and
washed several times with ether. The aqueous layer was acidified with 2 N HC1, the resulting
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precipitate filtered by suction, washed with water an dried. The crude products were triturated
with ether, filtered and dried. CHN analyses were made after sublimation.
4-Hydroxy-5-phenylthieno[2,3-b]pyridine-6(7H)-one (13)
Yield: 42 %; colourless crystals; mp 302-304 OC dec; TLC: DCM/MeOH - 1011, Rf 0.31; 'H
NMR (300 MHz, DMSO-d6): 6 7.46 (d; IH, 4-H; 'J = 5.79 Hz); 7.36-7.22 (m; 5H; aromat.
H); 7.16 (d; lH, 5-H, 'I = 5.79 Hz); CHN calcd: C 64.18 H 3.73 N 5.76; found: C 64.31 H
3.83 N 5.66.

4-Hydroxy-3-methyl-5-phenylthieno[2,3-b]pyridine-6(7-one
(14)
Yield: 45 %; beige solid; mp 3 10 OC dec; TLC: DCMJMeOH - 1011, Rf 0.43; 'H NMR (300
MHz, DMSO-d6): 6 11.90 (s, br, 1H, OH); 9.64 (s, br, 1H, NH); 7.5-7.15 (m, 5H, mom. H,
Ph); 6.71 (s, lH, 2-H); 2.41 (s, 3H, CH3); CHN calcd: C 64.90 H 4.36 N 5.41; found: C 64.76
H 4.36 N 5.21.
5-(2-Fluorophenyl)-4-hydroxythieno[2,3-b]pyridine-6(7H)-one (15)
Yield: 47 %; beige solid; mp 302-305 "C dec; TLC: DCM/MeOH - 1011, Rf 0.32; 'H NMR
(200 MHz, DMSO-d6): 6 11.90 (s, br, lH, OH); 10.70 (s, br, lH, NH); 7.57-6.97 (m, 6H/ lH,
2-H; lH, 3-H; 4H, arom. H, Ph); CHN calcd: C 59.76 H 3.09 N 5.36; found: C 59.49 H 3.20
N 5.28.

5-(2-Chlorophenyl)-4-hydroxythieno[2,3-b]pyridine-6(7-one (16)
Yield: 50 %; beige solid; mp 298-301 OC; TLC: DCM/MeOH - 1011, Rf 0.32; 'H NMR (200
MHz, DMSO-d6): 6 12.00 (s, br, 1H, OH); 10.60 (s, br, 1H, NH); 7.59-7.05 (m, 6Hl lH, 2-H;
lH, 3-H; 4H, arom. H, Ph); CHN calcd: C 56.22 H 2.90 N 5.04; found: C 55.99 H 3.10 N
4.90.
5-(2-Bromophenyl)-4-hydroxythieno[2,3-b]pyridined(7H)-one (17)
Yield: 44 %; beige solid; mp > 3 10 OC; TLC: DCMIMeOH - 1011, Rf 0.35; 'H NMR (200
MHz, DMSO-d6): 6 12.00 (s, br, lH, OH); 10.50 (s, br, lH, NH); 7.74-7.59 (m, lH, 3'-H,
Ph); 7.50-7.07 (m, 5W lH, 2-H; lH, 3-H; 3H, arom. H, Ph); CHN calcd: C 48.46 H 2.50 N
4.35; found: C 48.56 H 2.76 N 4.29.

4-Hydroxy-5-(2-methylphenyl)thieno[2,3-b]pyridine-6(7H)-one(18)
Yield: 28 %; orange-brown solid; mp 292-295 "C dec; TLC: DCMIMeOH - 10/1, Rf 0.48; 'H
NMR (200 MHz, DMSO-4): 6 11.80 (s, br, 1H, OH); 10.30 (s, br, lH, NH); 7.44 (d, 1H, 3H); 7.31-6.97 (m, 5W 4H, arom. H, Ph; lH, 2-H); 2.08 (s, 3H, CH3); CHN calcd: C 65.35 H
4.31 N 5.44; found: C 65.07 H 4.40 N 5.38.

5-(4-FIuorophenyl)-4-hydroxythieno[2,3-b]pyridine-6(7H)-one (19)
Yield: 50 %; beige solid; mp 308-310 OC dec; TLC: DCM/MeOH - 1011, Rf 0.34; 'H NMR
(200 MHz, DMSO-d6): 6 1 1.90 (s, br, IH, OH); 10.50 (s, br, 1H, NH); 7.62-6.95 (m, 6Hl 1H,
2-H; lH, 3-H; 4H, arom. H, Ph); CHN calcd: C 59.76 H 3.09 N 5.36; found: C 59.61 H 3.21
N 5.38.
5-(4-Chlorophenyl)-4-hydroxythieno[2,3-b]pyridine-6(7H)-one (20)
Yield: 34 %; beige solid; mp > 310 "C; TLC: DCMIMeOH - 1011, Rf 0.42; 'H NMR (300
MHz, DMSO-d6): 6 12.00 (s, br, lH, OH); 10.60 (s, br, lH, NH); 7.53-7.31 (m, 4W lH, 3-H;
4H, arom. H, Ph), 7.17 (d, lH, 2-H); CHN calcd: C 56.22 H 2.90 N 5.04; found: C 56.50 H
3.05 N 4.97.
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4-Hydroxy-3-methyl-5-(2-thienyl)thieno[2-b]pyridine-6(7-one(21)
Yield: 79 %; colourless solid; mp 292-294 OC; TLC: DCM/MeOH - 1011, Rf 0.37; 'H NMR
(300 MHz, DMSO-d6): 6 12.20 (s, br, lH, OH); 10.10 (s, br, lH, NH); 7.5317.43 (2d, 2Hl 5'H, 3'-H, Th); 7.09 (m, lH, 4'-H, Th); 6.73 (s, lH, 2-H); 2.44 (s, 3H, CH3); CHN calcd: C
54.73 H 3.44 N 5.32; found: C 54.70 H 3.53 N 5.29.

4-Hydroxy-5-(2-pyridyl)thieno[2,3-b]pyridine-6(7H)-one (22)
1 g (3.62 rnmol) 12 was dissolved in 14 ml of anhydrous THF. After cooling to -70 O C 16 ml
(7.96 mmol) KN[Si(CH3)3]20.5 M in toluene were added dropwise. The reaction mixture was
warmed up to room temperature and after 22 h evaporated to dryness. The residue was
dissolved in 100 ml of hot ethyl acetate and filtered by suction. After cooling the filtrate to
room temperature the rising precipitate was collected and dried. Yield: 50 mg (6 %);
colourless crystals; mp 295 OC dec; TLC: DCUlMeOH - 9/1, Rf 0.42; 'H NMR (300 MHz,
DMSO-d6): 6 19.27 (s, br, lH, OH); 11.78 (s, br, lH, NH); 9.33 (d, lH, P -Ha); 8.51 (d, lH,
Py-Hd); 8.12-8.06 (m, lH, Py-H,); 7.38 (d, lH, Py-Hb); 7.18 (d, lH, 2-H, J = 5.56 HZ); 7.01
(d, lH, 3-H, = 5.56 H); CHN calcd: C 59.00 H 3.30 N 11.47; found: C 59.08 H 3.35 N
11.30,

Y
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