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Abstract — A series of 7-aryl-4-oxothieno|2,3-b]pyridine-5-carboxylic acids 8 and their methyl esters 7 were synthesized by intra-
molecular cyclization of the respective 3-N-arylamino-2-(2,5-dichloro-3-thenoyl) acrylates 6. The latter are accessible from methyl 3-
ethoxy-2-(2,5-dichloro-3-thenoyl) acrylate 5 which, in turn, is obtained via the parent B-keto ester 4. Of the present series, the 7-(p-
hydroxyphenyl) and 7-(2'.4'-difluorophenyl) derivatives 8e.i possess the highest activity especially against Klebsiella pneumoniae,
Escherichia coli and Staphylococcus aureus (MICs of 8e/8i = 0.06:0.25, 0.5:1.0 and 1.0:2.0 ug/mL, respectively). © Elsevier, Paris

7-aryl-4-oxothieno[2,3-blpyridines / antibacterial activity

1. Introduction

Synthetic quinolones constitute an important class
of therapeutically useful antiinfectious agents [1-5],
especially norfloxacin la [6] and ciprofloxacin 1b
[7-9]. Several studies |10-15] show that flnoroquino-
lone analogues with an N-1 aryl substituent such as
difloxacin 2a [10-12] and temafloxacin 2b [13] are
broad-spectrum agents which possess excellent anti-
bacterial potencies (see figure 1).

Several 4-oxothieno(2,3-b]pyridine-5-carboxylic acids,
potential bioisosteres of quinolones, were prepared
and biotested [ 16-19]. Substitution at the N-7-position
has so far been confined to alkyl groups and for
example compounds 3a [16] and 3b [17] have
exhibited a good level of activity against Gram-
negative bacteria.

However, incorporation of N-aryl substituents has
not been described in the literature for the thienopyri-
dinone class. Accordingly, and as a continuation of

*Correspondence and reprints

our research project directed towards structure—
activity relationship (SAR) studies, we investigate in
the present work the synthesis and the antibacterial
activity of a new series of 2-chloro-4-oxothieno[2,3-5]-
pyridine-5-carboxylic acids, with aryl substituents at
the N-7-position (8a—K) (see figure 2 and rable I).

2. Chemistry

The N-7-substituted phenyl-4-oxothieno[2,3-b]pyri-
dines 8a-k, investigated in this study, were prepared
by an efficient route as summarized in figure 2. This
synthetic strategy is similar to that recently reported
for the N-7 alkyl analogues (eg 3b) [17]. Thus, the
B-keto ester 4 [20] was condensed with triethyl ortho-
formate in acetic anhydride to produce the 3-ethoxy-
acrylate 5 which, in turn, was reacted smoothly with
the appropriate (substituted) aniline in an addition—
elimination sequence to generate the respective
3-aminoacrylates 6a-k. These enaminoketo esters
exist in (Z)- and (E)-forms in solution in which the
former isomer is predominant. Cyclization of deproto-
nated 6 (HNa in refluxing THF) afforded the corre-
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sponding methyl N-aryl-4-oxothieno|2,3-b]pyridine-
S-carboxylates 7. Mild saponification of the latter
esters 7 furnished the target acids, namely 7-aryl-2-
chloro-4-oxothieno[2,3-b]pyridine-5-carboxylic acids
8a-k.

This strategy allowed us to obtain compounds 8a-k
more easily than by the Gould-Jacobs method since
N-arylation is particularly difficult. Compounds 6-8
were characterized by elemental analyses, 'H and
13C-NMR spectroscopy. and electron impact mass
spectrometry.

3. Results and discussion

Table I summarizes the in vitro antibacterial activity
of the 7-aryl-2-chloro-4-oxothieno{2,3-b]pyridine-5-
carboxylic acids 8a—k against microorganisms repre-
sentative of Gram-positive and Gram-negative bacte-
ria classes (ofloxacin is included for comparison).
Six compounds, with 4'-chloro (8c), 4'-bromo (8d),
4-methoxy (8f), 4-methyl (8g), 2-methoxy (8j),
2'-methyl (8K) as substituents on the N-7-phenyl ring
were totally inactive during the in vitro assay. Only
Kl. preumonia seemed to be poorly affected by these
compounds, and in a similar way by the unsubstituted
compound 8a.

Introduction of a fluorine atom at the 4'-position of
the N-7-phenyl ring (compound 8b) led to conside-
rable enhancement of the antibacterial activity (4- to
8-fold) compared to 8a. The N-(2'-fluorophenyl)
analogue 8h exhibited an activity comparable to 8b.
The presence of two fluorine atoms on the benzene
ring (8i) greatly improved the antibacterial activity
against the eight representative strains, and compound
8i represents the first example of a thienopyridinone
showing slight activity against Streptococcus faecalis.

The 4'-hydroxyphenyl derivative 8e possessed an
excellent level of potency against Klebsiella pneumo-
niae similar to ofloxacin. It exhibited good to mode-
rate activity against the other strains tested, with
the exception of Streptococcus faecalis where it is
inactive.

4. Conclusion

Substituents at the N-7-phenyl ring exert influence
on the antibacterial activity of the thienopyridinones
8a-k in the following decreasing order: 4'-OH = 2'.4'-
F, > 4-F, 2'-F > H, 2'-Me >> 4'-Cl, 4'-OMe, 2'-OMe,
4'-Me > 4'-Br. This order is in parallel with that
reported for the N-1-arylfluoro quinolones [10~12] for
which an ‘active conformation’, based on molecular
modeling and receptor mapping analyses, has been
postulated [15]. Such a receptor model approach
brings new insight into three-dimensional SARs and
demonstrates that both fluorine and hydroxyl, at the
para position of the N-1-phenyl, occupy an optimum
spatial region for increasing the activity. However, the
present series of N-7-arylthienopyridinones 8a-k are
less potent than the respective N-1I-substituted phenyl-
quinolones.

It is probable that the 4'-OH and 2',4'-F substituents
take part in the binding interactions (via hydrogen
bonding) between the thienopyridinone substrate
(8b.e,h.i) and DNA gyrase, a condition which even-
tually disrupts the bacterial DNA replication. This
property of the polar groups, OH and F, is a result of
their relatively small steric effect as compared to the
other bulkier substituents that are also less polar and
aprotic.



Table I. Physicochemical data for compounds (6a—k, 7a—k, 8a—k).

Compound Yield (%) Mp (°C) Molecular formula Molecular weight
. 6a ' 44 " 73-74 C,SH“CIZNO,;S“ 356.23
6b 68 89-90 C,sH,,CI,FNO;S 374.22
6¢ 58 122-123 CsH,,CI;NO;S 390.67
6d 80 125-126 C,sH,,BrCI,NO;S 435.13
6e 47 64-65 (dec) C,sH,,C,NO,S 372.23
of 62 78-79 C¢H,3CILNO,S 386.25
6g 78 105-106 C¢H;:CILNO;S 370.25
6h 72 91-92 C,sH,,CI,FNO,S 374.22
6i 76 117-118 C,sH,CI,F>NO,S 392.21
6) 63 thick oil C¢H,;CLNO,S 386.25
6k 75 72-73 (dec) CsH;CLNO,S 370.25
7a 77 200-201 C,5sH,(CINO;S 319.77
7b 81 220-221 CsHyCIFNO,S 337.76
7c 78 208-210 C,sHyCI,NO,S 354.21
7d 76 196197 C,sHyBrCINO;S 398.67
Te 85 242-243 (dec) C,;sH,,CINO,S 335.77
7t 75 144-145 C¢H-CINO,S 349.79
7g 82 205-206 C¢H,,CINO;S 333.79
7h 64 173-174 C,sHyCIFNO;S 337.76
7i 48 113-114 C,sHyCIF,NO,S 355.75
7j 72 212-213 C,H,CINO,S 349.79
7k 78 168—169 C¢H,CINO;S 333.79
8a 78 275-276 C4H,CINO;S 305.74
8h 84 273-274 C4H,CIFNO;S 323.73
8c 88 271-272 C4H,Cl,NO,S 340.19
8d 82 280-281 C,4H;BrCINO;S 384.64
8e 92 297-298 C4HgCINO,S 321.74
8f 78 219-220 CsH,,CINO,S 335.77
8g 84 243-244 CsH(CINO;S 319.77
8h 92 232-233 C4H,CIFNO,S 323.73
8i 90 213-214 C4H(CIF,NO;S 341.72
8j 78 241-242 CsH,(CINO,S 335.77

8k 84 244-245 (dec) C,sH,,CINO,S 319.77




9 9 o 0 0 0 o
AJ'\—/'EK)\ L, m e o, D(u\H)KOMe G CO,Me
CVs (1 Cl Cl CH — > o
5 S b4 Crsal '’y QAN
! OFt H |
4 5 6 | Ar
Ar
R l(iv
Compounds 6-8 (Ar = @Rl )
0
. X {_COH
Entryl a b ¢ d e f g h i k o N
R' Il H F C Br OH OMe Me F H H Clyg I,“?
R"|H H HH H H H F OMe Me Ar
Reagents

(i) CH(OEb); + Ac,0

(i) Ar-NH, + CH,Cl, / reflux

(iif) NaH + THF / 60 °C
(iv) NaOH /H*

Figure 2.

Table I1. In vitro antibacterial activity (MIC values, in pg/mL) of the different thieno[2,3-b]pyridinones 8a—k, and of ofloxacin
(OFL) as the reference agent.

8f

8g

ATCC 9144

ATCC 11700

ATCC 4617

Escherichia coli

ATCC 10536

ATCC 10031

ATCC 13047

Proteus mirabilis
IP 54163

OFL 8a 8b 8c 8d 8e 8h 8i 8j 8k
Lé'rt"ap);vlu('()('vus aureus ' 7&)‘125 64 16 > 128 > 128 I > 128 > 128 16 2 > 128 61;
Streptococcus faecalis 4 >128 >128 >128 >128 >128 >128 > 128 >128 32 >128 >128
Bordetella bronchiseptica 1 >128 >128 >128 >128 16 > 128 > 128 >128 4 > 128 128

<006 32 4 >128 >128 0.5 > 128 > 128 4 1 > 128 32
Klebsiella pneumoniae <0.06 1 0.125 4 > 128 <0.06 8 4 <0.06 0.25 32 2
Enterobacter cloacae <0.06 32 8 > 128 > 128 1 > 128 > 128 16 2 > 128 32

<006 64 8 >128 > 128 1 > 128 > 128 16 2 > 128 32
Pseudomonas aeruginosa 1 >128 >128 >128 >128 16 > 128 > 128 >128 16 >128 >128

ATCC 27853




5. Experimental protocols

The required arylamines were purchased from Acros. Melting
points were determined on an electrothermal melting-tempera-
ture apparatus and are uncorrected. 'H- and 3C-NMR spectra
were recorded on a Bruker-WM 400 and 300 MHz instrument
with TMS as internal reference. Electron-impact (EI) mass
spectra were obtained using a Finnigan MAT 731 spectrometer
at 70 eV. Elemental analyses, carried out by MHW Labora-
tories, Arizona, USA, were within + 0.4% of theorical values.

5.1. Pharmacological tests

The MICs were determined by conventional agar dilution
procedures according to the method of Mueller—Hinton at
pH 7.4. Aqueous stock solutions of the test compounds were
prepared with 0.1 N NaOH. Serial dilutions were then made to
obtain test concentrations ranging from 128-0.06 pg/mL. The
agar plates were inoculated with approximately 104 CFU per
spot. The agar plates were then incubated at 37 °C for 18 h.
The MICs were taken as the lowest concentration of the test
compounds that inhibits visible growth.

5.2. Svntheses

5.2.1. Methyl 2-(2,5-dichloro-3-thenoyl)-3-ethoxyacrylate 5 [ 17 ]
A stirred mixture of 4 [20] (5.3 g, 21 mmol), triethyl ortho-
formate (4.6 g, 32 mmol) and acetic anhydride (8.6 g,
85 mmol) was heated at 130-135 °C (oil bath) for 3 h with
removal of the ethyl acetate formed during the reaction. The
resulting solution was concentrated in vacuo (100 °C/1 mmHg,
I h) to a brown mobile 0il which was used as such in sub-
sequent steps. The yield of 5 is nearly guantitative (~ 6.4 g).

5.2.2. Methyl 3-anilino-2-(2,5-dichloro-3-thenoyl) acrylate 6a

To a stirred solution of 5 (6.2 g, 20 mmol) in dichloromethane
(80 mL) was added freshly distilled aniline (2.8 g, 30 mmol),
and the resulting reaction mixture was refluxed for 2-5 h. The
solvent was then evaporated to dryness, and the residue was
recrystallized from methanol. Yield of 6a: 3.1 g (44%).

By use of this procedure, compounds 6b-k were prepared
from interaction of § with the respective appropriately substi-
tuted anilines. Compounds 6b-d and 6h.,ik were likewise
recrystallized from methanol. Compounds 6e-g,j were first
purified using Silica gel column chromatography, and eluting
with chloroform, followed by solutions of 2-5% methanol in
chloroform (6e); alternatively, the eluents were n-hexane and
5-10% solutions of chioroform in »n-hexane (6f,g,j).
Recrystallization was then performed from methanol (6e), or
from chloroform/n-hexane (6f,g.j). Analytical samples of
compounds 6 were obtained with preparative TLC plates, using
chloroform as the developing solvent; in the case of 6e, the
eluent was 5% methanol in chloroform solution. The physical
data of compounds 6a—k are given in rable I.

5.2.3. Methyl 2-chloro-4,7-dikydro-4-oxo-7-phenyithienof 2, 3-
bjpyridine-5-carboxylate 7a

Sodium hydride (suspension in oil, 80%}) (4.3 g, 12 mmol) was
portionwise added, during 30 min, to a cold solution (~ 5 °C)
of 6a (4.3 g, 12 mmol) in dry tetrahydrofuran (70 mL). The
reaction mixture was heated at 62—65 °C (oil bath) for 3-4 h
and then cooled. Acetic acid (0.2 mL) was added, the solvent
was evaporated under reduced pressure to a small volume
(1-2 mL). Water (30 mL) was then added, the precipitated
solid product was collected by suction filtration, washed with
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water, dried and recrystallized from chloroform/n-hexane.
Yield of 7a: 3.0 g (77%). Various substituted 7-phenyl-4-
oxothieno[2,3-b]pyridine-5-carboxylic esters (7b-k) were
prepared in a similar fashion from the corresponding enamino
keto ester precursors (6b-k). Compounds 7b-k were recrystal-
lized from chloroform/n-hexane (a few drops of methanol were
used with compounds 7e.f to access their solubility in chloro-
form).

Analytical samples of 7a-k were obtained using preparative
TLC plates, and eluting with chloroform (in the case of 7e,f.j.
the eluent was 5% methanol in chloroform solution). ‘For the
case of 6e, two equivalents of NaH were employed, and
compound 8e was always formed along with 7e. Hence,
compound Te was conveniently obtained via Fischer esterifica-
tion of 8e in methanol under reflux in the presence of a cata-
lytic amount of concentrated H,SO,, and usual work-up. The
physical data of compounds 7a-k are shown in rable 1.

5.2.4. 2-Chloro-4,7-dihydro-4-oxo-7-phenylthieno(2,3-b [pyri-
dine-3-carboxylic acid 8a

Compound 7a (1.6 g, 5 mmol) was stirred in ethanolic
sodium hydroxide (I N, 25 mL) at room temperature for 2 h.
The resulting solution was filtered and the ethanolic filtrate was
acidified with 2 N hydrochloric acid to pH 2. The precipitated
solid was filtered, washed successively with water (2 x 10 mL)
and ethanol (5 mL), and dried. Yield of 8a: 1.2 g (78%). A
sample of 8a was further purified by dissolution in 1 N aqueous
sodium hydroxide, and acidification of the alkaline filtrate with
2 N hydrochloric acid to pH 2.

By the above procedure, the various substituted 7-phenyl
analogues (8b-k) were prepared via hydrolysis of the corre-
sponding methyl esters 7b—k. The physical data of compounds
8a—k are provided in table 1.

5.3. Characterization

5.3.1. Mass spectra

In the mass spectra of compounds 6a-k consecutive loss of
the chlorine atom and methanol from M+ leads to the ions
[M —35]+ and [M — 671+ as the base peaks. Successive elimina-
tion of two CO from [M — 67]* furnishes the ions [M — 957+
and [M — 123]*. Alternatively, o-cleavage at the ketone func-
tion of M+ gives rise to the acylium ion at m/z 179 which
suffers loss of CO to afford the thienyl cation at m/z 151.

For compounds 7a-k, the main fragmentation pathway of
M+ starts with elimination of the ester group via a process that
gives ions [M — 58] as the base peaks. The latter ions eliminate
the chlorine atom to produce ions [M — 93]. A less favoured
mode is initiated by successive loss of a methoxy radical and
CO to yield ions [M - 311+ and [M - 59]+. Compounds 8a—k
eject CO; to give the base peak ions [M — 441+ which fragment
further in a pattern simitar to those of the respective esters.

5.3.2. 'H-NMR spectral data (tables 1H and IV)

The spectra of compounds 6a-k are dominated by signal
doubling of the various resonating protons. This phenomenon
features the existence of Z/F diustereomers of which the (Z)-
form predominates and to which the signal sets with larger
peak areas are assigned (table /1f). The exchangeable N-H and
the adjacent vinyl H-8 protons are mutually coupled and reso-
nate around & 10.9-12.6 and & 8.2-8.6, respectively. The H-4
(8 6.7-7.0), N-H and H-8 protons belonging to the (Z)-isomer
are more deshielded than their (£)-form. The CO,CH, protons
of the (Z)-isomer are, however, more shielded than their
(E)-form. In compounds 6c-g, each of the ortho- and meta-
phenyl protons (Ar) appear as distinct doublet (AA’, BB'
system).
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Table L. (a) *H-NMR spectral data of compounds Ba—g (3-valuesyr. o0
H R OCH,
C>s7cl SC;H z3
N R
H 3 5
Compound H-4 H-8 N-H CO,CH; H-2'/H-6' H-3/H-5'R R Ratio
Z/E Z/E Z/E Z/E Z/E (Z/E)
6a  6.86/698 858836  1244/11.05 3.70/3.72 744721 7.5/1
(1H, s) (1H, d) (1H, brd) (3H, ) (5H, m)b
J=138Hz J=13.8Hz
6b 6.84/6.94 8.48/8.26 12.45/11.03 3.65/3.68 7.21 7.11 2.4/1
(IH, ) (1H, d) (1H, brd) (3H, s) (2H, m)¢ (2H, m)¢
J=137Hz J=137Hz
6¢ 6.83/6.96 8.49/8.26 12.39/11.01 3.69/3.72 7.38 7.17 4.0/1
(1H, s) (IH, d) (1H, br d) (3H, s) (2H, d) (2H, d)
J=136Hz J=136Hz J=84Hz J=84Hz
6d 6.78/6.91 8.44/8.20 12.29/10.93 3.63/3.65 7.45 7.05 5.0/1
(1H, s) (1H, d) (1H, brd) (3H, s) (2H, d) (2H, d)
J=137Hz J=13.7Hz J=8.8Hz J=8.8Hz
6e 6.83/6.88 8.46/8.25 12.53/11.08 3.72/3.75 7.25 7.05 10.54 4.6/1
(1H, ) (1H, d) (1H, br d) (3H, s) (2H, d) (2H, d) (1H, br s)
J=139Hz J=139Hz J=8.8 Hz J=8.8Hz
6f 6.84/6.90 8.48/8.30 12.52/11.06 3.68/3.70 7.19 6.95 3.82/3.84 2.7/1
(1H, s) (1H, d) (1H, brd) (3H, s) (2H, d) (2H, d) (3H, s)
J=138Hz J=13.8Hz J=9.0Hz J=9.0Hz
6g 6.79/6.90 8.47/8.27 12.39/10.97 3.62/3.64 7.14 7.05 2.28/2.30 2.5/1
(IH, s) (IH, d) (1H, br d) (3H. s) (2H, d) (2H, d) (3H, s)
J=13.6Hz J=13.6Hz J=87Hz J=8.7Hz
(b) TH-NMR spectral data of compounds 6h.j.k (d-values)a. H i ocH
4 | 3
Cr~g “Céj Ry v
N@a'
H 6 5
Compound H-4 H-8 N-H CO,CH, H-6' H-3YH-4'/H-5' R Ratio
Z/E Z/E Z/E Z/E Z/E (Z/E)
6h 7.00/6.89 8.32/8.57 11.16/12.44 3.74/3.71 7.36 7.17 - 13/1
(1H, s) (1H, d) (1H, br d) (3H, s) (1H, m) (IH, m)
J=136Hz J=13.6Hz
6j 7.03/6.90 8.62/8.41 12.59/11.32 3.75/3.78 7.24/6.95 3.94/3.93 2.6/1
(1H, s) (IH, d) (1H, d) (3H, s) (4H, m) (3H, s)
J=141Hz J=14.1Hz
6k 6.98/6.88 8.61/8.37 12.65/11.21 3.71/3.73 7.29/7.20 2.44/2.42 3.2/1
(1H, s) (1H, d) (1H, br d) (3H, 5) (4H, m) (3H. s)
J=135Hz J=135Hz (Z/E)
. 5 N
(c) TH-NMR spectral data of compound 6i {d-values). H OCH,
I
Cr>s71 SC;H F. ¥
O
H a=/
Compound H-4 H-8 N-H CO,CH; H-3'/H-§' H-6' Ratio )
Z/E Z/E Z/E Z/E (Z/E)
6i 6.88/6.98 8.48/8.24 12.40/11.09 3.71/3.73 6.99 7.35 1.8/1
(1H, s) (1H, d) (1H, d) (3H, s) (2H, m) (1H, m)
J=135Hz J=135Hz

aNMR solvent: CDCI;. bIncluding H-4' (R1). <Overlapped doublets due to additional H-F coupling.



Table IV. (2) 'H-NMR spectral data of compounds 7a—g and 8—g (3-values). " o COR
2
3
[ |
Cl S N6 H
6 2
5 ¥
4'RI
Compound H-3 H-6 CO5R H-2'/H-6' H 3'/H-§' R!
7a 7.43 (1H, s) 8.38 (1H, s) 3.90 (3H, s) 753(SH m)b
7b 7.40 (1H, s) 8.32(1H, s) 3.88 (3H, s) 7.59 (2H, m) 7.31 (2H, m) -
7c 7.38 (1H, s) 831 (1H, s) 3.87 (3H, s) 7.60 (2H, d) 7.55 (2H, d) —
=8.4 Hz J=84Hz
7d 7.33 (1H, s) 8.24 (1H, s) 3.84 (3H. %) 7.69 (2H, d) 7.43 (2H, d) -
J=8.6Hz J=86Hz
Te 7.42 (1H, s) 8.33 (IH, s) 3.74 (3H. ) 7.58 (2H, d) 6.99 (2H, d) 10.33
J=8.7Hz J=8.7Hz (1H, br s)
7f 7.37 (1H, 8) 8.33(1H, s) 3.86 (3H, s) 7.53 (2H, d) 7.10 2H, d) 3.92(IH, s)
J=89Hz J=89Hz
7g 7.42 (1H,s) 8.34 (IH, s) 3.89 (3H, ) 7.37 (4H, 2d)¢ 2.46 (3H, s)
8a 7.50 (1H, s) 8.66 (1H, s) 14.85 7.52 (2H, m) 7.63 (3H, m)b
(1H, brs)
8b 7.51 (1H. s) 8.63(1H, s) 14.84 7.56 (2H, m) 7.33 (2H, myd -
(1H, brs)
8¢ 7.70 (1H, s) 8.75(1H, s) 15.08 7.90 (2H, d) 7.78 (2H, d) -
(1H, br s) J=88Hz J=88Hz
8d 7.72 (1H, s) 8.76 (1H, s) 15.17 7.92 2H, d) 7.82 2H, d) -
(1H, br s) J=8.7Hz J=87Hz
8e 7.75 (1H, s) 8.68 (1H. s) 15.31 7.68 (2H, d) 7.06 (2H, d) 10.37
(1H, brs) J=8.8Hz J=88 Hz (1H, br s)
8f 7.49 (1H, s) 8.61 (1H, s) 14.96 7.45 (2H, d) 710 2H, d) 3.92 (3H, s)
(1H, br s) J=92Hz J=92Hz
8g 7.48 (1H, s) 8.63 (1H. s) 14.94 7.43 (4H, 2d)¢ 2.51 (3H, s)
(1H, br s)
: 5 o S
(b) 'H-NMR spectral data of compounds 7h.j.k and 8h.j.k (8-values). H COR
U !
Cl S N7¢ H
6 R
5 ¥
7
Compound H-3 H-6 CO,R H-3/H-5' H-4' H-6' RI
7h 7.42 (1H., s) 8.31 (IH, ) 3.89 (3H, s) 7.38(2H,m) 7.68 (1H, m) 7.63 (1H, m) -
7j 7.43 (IH, s) 8.26 (1H, ) 384 (3H,s) 7.14(2H.m) 7.54(2H, m) 7.42 (1H, dd) 3.92 (3H, s)
J=79/1.5Hz
7k 7.47 (1H, s) 8.27 (1H., s) 3.89 (3H. s) 7.40 (2H, m) 7.53(1H.m) 7.45 (1H, dd) 2.19(3H. s)
J=7.8/1.6Hz
8h 7.52 (1H, s) 8.61 (1H, s) 1480 (1H,s) 7.452H,m) 7.70(1H, m) 7.57 (1H, m) -
8j 7.42 (1H, 8) 8.48 (1H, s) 1494 (1H,s) 7.11 (2H,d) 7.56(1H, m) 7.36 (1H, dd) 3.96 (3H, s)
J=8.1/1.5Hz
8k 7.52 (1H, s) 8.56 (1H, s) 1495 (1H,s) 7.472H,m) 7.58 (1H, m) 7.36 (1H, dd) 2.17 (3H, s)
J=79/1.6 Hz
(o)
(¢c) TH-NMR spectral data of compounds 7i and 8i (8-values)a. H CO,
T
C N6 H
6 F
s 3
F
Compound H-3 H-6 CO-R H-3'/H-5' H-6' -
7§ 7.30 (1H, s) 8.24 (1H, s) 3.86 (3H, s) 7.25 (2H, m) 8.01 (1H, m)
8i 7.49 (1H, s) 8.56 (1H, s) 14.72 (1H, br s) 7.21 (2H, m) 7.68 (1H, m)

aNMR solvents: DMSO-d, (7e, 8c-e); CDCI, (7Ta—d.f.g/8ab.f.g). bIncluding H-4' (R1).

coupling. <Center of overlapped doublets.

dOverlappéd doublets due to additional H-F
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Table V. (a) 13C-NMR spectral data of compounds 6a—g (8-values)a, N
3 7

T Y OCH,
5 2 sCH N
sy 2
N—<": :>‘i
H 6 5 ¢
Compound C-2 C-3 C4 C5 C6 C7 C8 €9 C-10 CI' C2/6 C-375' c4 R
ZE ZE ZE ZE  ZE ZE Z/E ZE  ZE
" 6a 140.0 1265 1268 126.7 1879 1032 153.2 1674 522 1390 1185 130.5 1262 -
127.7 1041 1527 520 1392 1180 130.7
6b 1395 1258 1264 1262 187.6 103.4 1532 1669 517 1350 119.9(d) 116.4(d) 160.8(d) -
1273 1037 1527 515 1352 119.3(d) 117.0(d) 160.5(d)
Jep=8.5Hz e =23.6 Hz oy =247 Hz
6¢ 139.4 1255 1264 126.0 187.7 103.8 152.5 1669 51.8 1373 1193 130.2 1316 -
127.3 1042 1518 516 1375 1187 1311
6d 140.1 125.6 126.2 1260 187.0 103.7 1522 1667 517 137.6  119.4 133.0 ol -
1272 1038 1515 516 1189 132.9
6e 139.5 1254 1263 1264 1872 102.6 153.4 167.6 51.8 1316  120.0 116.8 1548 -
1272 1023 1532 516 1318 1196 154.5
6f 1403 126.5 1268 127.7 1877 103.1 153.7 167.5 S52.1 1324  120.1 115.6 1586 56.1
127.4 1033 1534 519 119.7
6g 139.6 125.4 1262 1260 1872 102.8 152.8 1669 51.5 1361  117.9 130.4 136.0 208
1272 1030 152.4 513 1362 1175 1303 135.6  20.7
(b) 13C-NMR spectral data of compounds 6h,j.k (6-values)s.
4' “ AN 0(%%{3
s ZC,"%H RZY
N 1 4
H \=/
Compound C2 C-3 C4 €5 C6 C7 C8 C9 ClI0  C-I' c2 C3 C.4 cs  C6 R
VE VE ZE IE WE ZE ZE ZE VE ZE 7E VE  ZE
6h 1393 1774 1272 1276 1844 1048 1512 1686 517 1265(d)  153.0(d) 1164 1258 1264 1252(d) -
127.0 1875 1043 1520 1669 518 2/=10Hz 1529(d)  1166(d) 1266 =38 Hz
1J=2456Hz 2= 185Hz W =74Hz
6j 1304 127.3 1264 127.8 1852 1034 1511 167.3 517 1288 149.4 115 127.0 161 1213 560
1263 1870 1037 1509 1696 515 1286 149.2 113 1263 1152 1205 559
6k 139.6 1273 1264 128.1 187.5 1035 1530 1670 517 1372 125.6 1162 (315 1276 1262 176
1262 1844 1037 1527 1692 516 1374 125.5 1158 314 1273 1256 174
(c) 13C-NMR spectral data of compound 6i (&-values)>.
5 ocH
1], 1
ClS S “ClKC‘{{ Fo 2z ¥
H o=/
Compound C2 C3 C4 C5 C6 C7 C8 C9 CI0 CI c2 c3 C4 .5 c6
ZE ZE ZE WE WE WE  ZE ZE ZE ZE ZE ZE
6 1392 1262 1263 1273 1875 1044 1524 1668 518 1238(d) 160.1(dd) 1052(dd) 1533(dd) 1123 (dd) 1186 (dd)
1272 1845 1047 1515 1686 517 124.1(d) 1598(dd) 1050(dd) 1530(dd) 1122(dd) 1177 (dd)

2J=10Hz \J=2476Hz 1J=225Hz J=2493Hz 2J=22.7Hz 3J=9.6Hz

J=110Hz 2J=264Hz 3/=118Hz 4/=38Hz

aNMR solvent: CDCL,.
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Table VI. (a) '3C-NMR spectral data of compounds 7a-g and 8a—g (5-values)z.

5 3
S
Rl
Compound C-2 C3 Cda €4 €5 C6 CTa C8 R c-1 C-2/C-6 C-3/C-5 c4 R!
Ta 1329 1234 1261 1702 1159 1460 1488 1662  52.8 1419 1255 B2 B -
7b 1324 1231 1258 1696 1156 1456 1485 1657 524 137.5 (d) 127.5 (d) 117.9(d) 163.4 (d) -
4Jop=34Hz Uep=92Hz p=234Hz Vg=2526Hz
7e 1325 1230 1258 1696 1157 1454 1480 1656 523 139.8 126.6 1310 137.0 -
7d 1323 1229 1256 1694 1155 1452 1478 1654 522 140.2 126.7 1339 124.9 -
7e 1307 1224 1240 1684 1145 1458 1495 1645 515 1326 126.8 116.5 159.1 -
7 1320 1228 1257 1696 1149 1459 1492 1656 522 1342 126.6 115.6 161.0 55.8
7g 1324 1230 1256 1697 1155 1456 1485 1660  52.3 1413 124.7 1312 139.0 213
8a 186 1223 1250 1741 1138 1454 1484 1667 - 1414 125.3 1315 1320 -
8b 1300 1220 1283 1737 1134 1450 1478 1662 - 136.9 (d) 1274 (d) 1183 (d) 163.6 (d) -
4Yep=33Hz Mep=91Hz 2gq=231Hz Uq=251.3Hz
8¢ 1287 1222 1266 1731 1120 1465 1513 1652 - 139.6 128.2 131.0 135.7 -
8d 1202 1222 1272 1737 126 1465 1518 1658 - 140.6 128.4 134.0 124.9 -
Se 1326 1217 12610 1730 1121 1460 14801 1654 - 136.1 126.8 116.6 159.4 -
8f 1302 1222 1286 1740 136 1456 1519 1668 - 134.1 126.7 1163 162, 56.4
8g 1208 1218 1281 1735 1130 1450 1510 1663 - 1221 124.6 1315 138.5 213
o 9
(b) 13C-NMR spectral data of compounds 7h,j,k and 8h,j k (3-values)a. . w28 5. cloRr
"me
Cl S 72 N
P 2_R]
5 3
7
Compound C2 €3 Cda C4 C5 C6 CTa C8 RRI c-I c c¥ c4 C-5 c6
Th 1321 1229 1256 1697 1155 1461 1487 1654 523/  1285(d)  1565(d)  117.9¢d)  1331(d)  1280(d) 1260(d)
' 2=127Hz U=253Hz 2/=188Hz Y=78Hz 4=15Hz ¥J=4Hz
% 1320 1228 1252 1700 1151 1468 1495 1660 52.%/ 129.4 154.0 113.0 132.6 1215 127.4
36.0
Tk 1320 1231 1259 1697 1i54 1456 1490 1658 523 140.0 134.8 128.2 1314 1324 126.6
170
$h 1298 1218 1280 1737 1135 1456 1510 1660 — 12814 1562(d)  113.3(d) 1333(d) 1274 1262(d)
- 2= 120Hz J=2546Hz 2=I(86Hs 3=77Hz 4/=16Hz 3J=42Hz
8i 1294 1215 1276 1736 1130 1462 1512 1664 128.9 153.6 113.0 133.0 1214 126.9
56.0
8k 1206 1215 1294 1736 1132 1450 1516 1663 -/ 139.6 134.3 128.4 1320 132.6 126.2
17.0
o . - O
(c) 13C-NMR spectral data of compounds 7i and 8i (8-values)a, “ e < CLOR
3
L0,
C 877N
:
s" \z-F
SN 43
3
e — _— - F
Compound C2 €3 Cda C4 C5 C6 CTa C8 R C-I' c c¥ c4 Cs c6

1227 1258 1695 1153 1462 1489 1649 522 124.9 (dd) 157.1 (dd) 106.2 (dd) 163.9 (dd) 113.6(dd) 130.0 (dd)

2J=126Hz W=256Hz 2/=225Hz =2546Hz 2J=225Hz J=103Hz
) 4=43Hz 3/=128Hz Z/=225Hz 3=11Hz %=39Hz ¥=103H
8i 1298 121.9 128.1 1737 1135 1457 1511 1658 - 124.4 (dd) 157.0 (dd) 106.8 (dd) 164.3 (dd) 113.8 (dd)  129.0 (dd)
2J=128Hz J=257.2Hz 2/=224Hz 1J=256.1Hz 2/=247Hz 3/=100Hz
4=43Hz ¥Y=128Hz Z=223Hz ¥U=11Hz #4=39Hz 3J=100H:z

aNMR solvents: C]-)Clg.

7i 1319
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In compounds 7 and 8, the H-3 and H-6 protons of the
thienopyridinone system resonate around & 7.4-7.7 and 3
8.4-8.7, respectively (table IV). The exchangeable CO,H
proton of compounds 8 resonates in the range d 14.8-15.3.
Signal assignments to the different Ar-protons are straightfor-
ward.

5.3.3. 13C-NMR spectral data (tables V and VI)

DEPT experiments were performed to differentiate between
the different carbons of compounds 6-8. The spectra of
compounds 6, 7 display a signal around & 52 corresponding to
the CH;- carbon of the ester group which is absent in the spec-
tra of the respective acids 8a-g. Compounds 6-8 exhibit two
signals in the range & 1 66—187 that are assigned to the carbonyl
carbons. Signals in the region & 110-160 account for the
remaining thienopyridinone and phenyl carbons. The observed
signal-doubling for most carbons of compounds 6a-g is a
reflection of the co-existence of Z/F diastereoisomers (table V).
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