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Synthesis of new pyridothienopyrimidinone derivatives as Pim-1 inhibitors
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ABSTRACT
Four series of pyridothienopyrimidin-4-one derivatives were designed and prepared to improve the pim-1
inhibitory activity of the previously reported thieno[2,3-b]pyridines. Significant improvement in the pim-1
inhibition and cytotoxic activity was achieved using structure rigidification strategy via ring closure.
Six compounds (6c, 7a, 7c, 7d, 8b and 9) showed highly potent pim-1 inhibitory activity with IC50 of 4.62,
1.18, 1.38, 1.97, 8.83 and 4.18lM, respectively. Four other compounds (6b, 6d, 7b and 8a) showed moder-
ate pim-1 inhibition. The most active compounds were tested for their cytotoxic activity on three cell lines
[MCF7, HCT116 and PC3]. Compounds 7a [the 2-(2-chlorophenyl)-2,3-dihydro derivative] and 7d [the
2-(2-(trifluoromethyl)-phenyl)-2,3-dihydro derivative] displayed the most potent cytotoxic effect on the
three cell lines tested consistent with their highest estimated pim-1 IC50 values.
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Introduction

The Provirus Integration in Maloney (Pim) kinases represent a fam-
ily of constitutively active serine/threonine kinases and include
three subtypes (pim-1, pim-2 and pim-3). Pim kinases regulate
many biological processes such as cell cycle, cell proliferation,
apoptosis and drug resistance1–4. Being expressed in many types
of solid and hematological cancers and almost absent in benign
lesions, pim kinases proved to be a successful anti-cancer drug
target of low toxicity5–12.

Most of the research published on pim inhibitors focused on
pim-1 inhibitors while pim-2 is more difficult to be targeted
due to its low Km for ATP (100-fold lower than that of Pim-1 and
Pim-3)13–16.

Recently reported manuscripts indicated that pim-1 kinase
plays a significant role in stem cell proliferation, self-renewal and
expansion17. These facts encourage the use Pim-1 inhibitors as a
promising targeted therapy in cancer stem cells5,17.

Indeed, some of the pim-1 inhibitors have entered phase I clin-
ical trials such as the thiazolidin-2,4-dione derivative AZD1208
(I)1,18 and the benzonaphthyridine derivative CX-4595 (II)1,19,20.
While others such as the imidazo[1,2-b]pyridazine derivative SGI-
9481 (also known as TP-3654, III)1 and the highly potent
pyridine derivative LGB321 (IV)1,21,22 are under preclinical studies
(Figure 1).

The most important feature of pim-1 kinase active site is the
presence of proline base at positions 123 and 125 within the
hinge region. This extends the hinge region length and moves it
4 Ao to the left and thus prevents the formation of the second
H-bond between the hinge backbone and the adenine moiety of
ATP23.

Almost all the reported pim kinase inhibitors are ATP-competi-
tive and can be classified into ATP-mimetics and non-ATP mim-
etics. The ATP-mimetics bind directly to the hinge region usually

via H-bonding with the backbone oxygen of Glu121 and exhibited
great enzyme potency but with limited or poor selectivity over
other kinases1. On the other hand, the non-ATP mimetics bind to
the ATP active site in a manner different from ATP and most of
them form H-bond with Lys671. Generally, they interact with the
portion of the active site opposite to the hinge region and this
portion differs significantly between kinases. Thus, non-ATP mim-
ietics tend to be more selective to pim-1 enzyme and meanwhile
exhibited great potency to the enzyme. Compounds I–IV
(Figure 1) are all non-ATP mimietics.

In an attempt to prepare potent pim-1 inhibitors that can
be used as anticancer agents, we had recently reported the
pim-1 inhibitory activity of thieno[2,3-b]pyridine derivatives V
(Figure 2)24 as bioisosteres to benzofuran-2-carboxylic acids25.
However, their pim-1 inhibitions as well as their cytotoxic activities
were only moderate to poor. This literature recorded some of the
efforts done by our lab to improve the pim-1 kinase inhibitory
activity and the cytotoxic activity of thieno[2,3-b]pyridine scaffold.

Upon designing thieno[2,3-b]pyridine derivatives as isosteres to
benzofuran-2-carboxylic acids, we assumed that the amidic C¼O
can form H-bond with Lys67. Therefore, the poor activity achieved
by these derivatives might originate from the flexibility of the ami-
dic bond resulting in improper orientation of the carbonyl group
towards Lys67. Accordingly, structure rigidification via ring closure
of the 3-amino-thieno[2,3-b]pyridine-2-carboxamide core into pyri-
do[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one scaffold might orient
the carbonyl group properly towards Lys67.

Searching the literature revealed no published data on pyrido-
thienopyrimidinones as pim-1 kinase inhibitors. However, their bio-
isosteres benzothienopyrimidin-4-ones VI and VII14,26,27 and
benzofuropyrimidin-4-ones VIII and IX28,29 had been reported ear-
lier and exhibited potent and selective pim kinase inhibition
(Figure 3). The X-ray crystallography of representatives of both ser-
ies bound to pim-1 showed similar binding mode in the
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ATP-binding site27,29. In both series, the 4-carbonyl group formed
H-bond to Lys67, while the group at the 8-position (Br or aryl)
occupied the hydrophobic area against the hinge region. The sub-
stituent at position 2 was exposed to the solvent and thus can
accommodate various groups, however, the best results were
achieved with ortho-substituted phenyl or aliphatic amines like
dimethylaminomethylene group27,29. As such, both series might
act as non-ATP mimetics.

Encouraged by all the after mentioned findings, we thought of
examining the pyridothienopyrimidinone scaffold as a novel class
of pim-1 inhibitors. Here in, the bromine atom at position 8 was
kept constant to ensure hydrophobic interaction within the pim-1

ATP active site. The carbonyl group at position 4 was also kept
constant to ensure binding to Lys67. However, different substitu-
tions were introduced at position 2 in order to establish a SAR for
this new scaffold. First, the unsubstituted derivative 5 was pre-
pared. Then, two series of 2-substituted phenyl compounds and
two series of alkyl substituted derivatives were prepared. The
ortho-substituted phenyl series (6a–d) was prepared to mimic
compound VIII. The ortho-substitution used were chloro and
flouro as halogens, OH as electron donating group and CF3 as
bulky, hydrophobic and electron withdrawing group. In the second
series (7a–d), the 2,3-dihydropyrimidinones, bearing the same 2-
aryl groups as 6a–d, were prepared to test whether aromaticity of
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Figure 1. Pim-1 inhibitors under clinical and preclinical studies.
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the pyrimidinone ring was essential for enzyme activity or not. In
the third series (8a–c), different alkyl groups with different chain
lengths were prepared. In the last series (9–11), carbonyl contain-
ing alkyl groups were prepared (Schemes 1–3). Docking study of
these compounds in the pim-1 active site indicated the required
binding mode with high energy scores (data not shown).

All the synthesized compounds were examined for their pim-1
enzyme inhibitory activity and the most active compounds were
further tested for their anti-proliferative activity using three differ-
ent cell lines. Up to our knowledge, this is the first published work
describing the pim-1 inhibitory activity of pyridothienopyrimidi-
none derivatives.

Experimental

General notes

Griffin apparatus was used to determine the melting points and
they were uncorrected. Shimadzu IR 435 spectrophotometer
recorded the IR spectra and the values were represented in cm�1.
Bruker 400MHz and 100MHz spectrophotometer recorded
1H NMR and 13C NMR spectra, respectively. TMS was used as an
internal standard and chemical shifts were recorded in ppm on d
scale. Both IR and NMR spectra were carried out at Faculty of
Pharmacy, Cairo University, Cairo, Egypt. The electron impact (EI)

mass spectra were recorded on Thermo Scientific ISQLT single
quadrapole mass spectrometer. Both mass spectra and elemental
analyses were carried out at the regional center for mycology and
biotechnology, Al-Azhar University, Cairo, Egypt. Analytical thin
layer chromatography (TLC) on silica gel plates containing UV indi-
cator was employed routinely to follow the course of the reactions
and to check the purity of the products. All reagents and solvents
were purified and dried by standard techniques.

5-Bromo-4,6-dimethyl-2-thioxo-1,2-dihydropyridine-3-carbonitrile
(1), 5-bromo-2-[(cyanomethyl)sulfanyl]-4,6-dimethylpyridine-3-carbon-
itrile (2), 3-amino-5-bromo-4,6-dimethylthieno[2,3-b]pyridine-2-car-
bonitrile (3) and 8-bromo-7,9-dimethylpyrido[30,20:4,5]thieno [3,2-d]
pyrimidin-4(3H)-one (5) were prepared according to the published
methods30.

3-Amino-5-bromo-4,6-dimethylthieno[2,3-b]pyridine-2-
carboxamide (4)

A mixture of 3-amino-5-bromo-4,6-dimethylthieno[2,3-b]pyridine-2-
carbonitrile (3) (1 g, 3.5mmol) and 5% alc. KOH solution (1 g KOH
in 20mL ethanol) was heated under reflux for 3 h. The reaction
was cooled and diluted with water (100mL). The solid was filtered,
dried and crystallized from ethanol.

Yield: 88%; mp: 260–261 �C31; IR (cm�1): 3464, 3417, 3317,
3267 (two NH2), 2924, 2854 (CH-aliphatic), 1666 (C¼O); 1H NMR
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(DMSO-d6) d ppm 2.68 (s, 3H, CH3), 2.86 (s, 3H, CH3), 6.89 (s, 2H,
NH2, D2O exchangeable), 7.25 (s, 2H, NH2, D2O exchangeable);
Anal. Calcd for C10H10BrN3OS: C, 40.01; H, 3.36; N, 14.00. Found: C,
40.23; H, 3.40; N, 14.21.

General procedure for the synthesis of 8-bromo-2-(2-substituted
phenyl)-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-
ones 6a-d

A mixture of 3-aminothieno[2,3-b]pyridine-2-carboxamide 4 (0.6 g,
2mmol), the appropriate 2-substituted benzaldehyde (2mmol) and
conc. HCl (0.5mL) in DMF (5mL) was heated under reflux for 12 h.
The reaction was cooled, and the solid formed was filtered, dried
and crystallized from the suitable solvent.

8-Bromo-2-(2-chlorophenyl)-7,9-dimethylpyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(3H)-one (6a)

Crystallized from DMF. Yield: 69%; mp: >300 �C; IR (cm�1): 3421
(NH), 2962, 2924 (CH-aliphatic), 1662 (C¼O); 1H NMR (DMSO-d6) d
ppm 2.74 (s, 3H, CH3), 3.00 (s, 3H, CH3), 7.53–7.78 (m, 4H, Ar-H),
13.36 (s, 1H, NH, D2O exchangeable); 13C NMR (DMSO-d6) d ppm
19.7, 26.8 (CH3), 122.9, 125.7, 127.8, 130.4, 131.8, 132.1, 132.5,
133.3, 144.2, 146.8, 151.6, 154.2, 158.4, 159.8 (aromatic carbons),

161.8 (C¼O); Anal. Calcd for C17H11BrClN3OS: C, 48.53; H, 2.64; N,
9.99. Found: C, 48.70; H, 2.67; N, 10.14.

8-Bromo-2-(2-fluorophenyl)-7,9-dimethylpyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(3H)-one (6b)

Crystallized from DMF. Yield: 53%; mp: 295–296 �C; IR (cm�1):
3402, (NH), 2962, 2920 (CH-aliphatic), 1670 (C¼O); 1H NMR
(DMSO-d6) d ppm 2.76 (s, 3H, CH3), 3.07 (s, 3H, CH3), 7.41–7.90
(m, 4H, Ar-H), 13.26 (s, 1H, NH, D2O exchangeable); 13C NMR
(DMSO-d6) d ppm 19.0, 23.1 (CH3), 117.5, 123.3, 128.8, 129.2,
129.9, 132.4, 134.4, 137.7, 140.2, 143.8, 154.8, 155.6, 156.6, 164.4
(aromatic carbons), 170.9 (C¼O); MS m/z: 405 [(Mþ 2)þ,
17.34%], 403 [Mþ, 21.19%], 43 [100%]; Anal. Calcd for
C17H11BrFN3OS: C, 50.51; H, 2.74; N, 10.39. Found: C, 50.76; H,
2.81; N, 10.53.

8-Bromo-2-(2-hydroxyphenyl)-7,9-dimethylpyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(3H)-one (6c)

Crystallized from acetic acid. Yield: 57%; mp: 190–191 �C; IR
(cm�1): 3394, 3309 (NH/OH), 2924, 2854 (CH-aliphatic), 1662
(C¼O); 1H NMR (DMSO-d6) d ppm 2.84 (s, 3H, CH3), 2.98 (s, 3H,
CH3), 6.80–7.44 (m, 4H, Ar-H), 8.72 (s, 1H, OH, D2O exchangeable),
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12.82 (s, 1H, NH, D2O exchangeable); Anal. Calcd for
C17H12BrN3O2S: C, 50.76; H, 3.01; N, 10.45. Found: C, 50.98; H, 3.04;
N, 10.67.

8-Bromo-7,9-dimethyl-2-[2-(trifluoromethyl)phenyl]pyrido
[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (6d)

Crystallized from DMF. Yield: 61%; mp: 255–256 �C; IR (cm�1):
3464 (NH), 2954, 2924 (CH-aliphatic), 1670 (C¼O); 1H NMR
(DMSO-d6) d ppm 2.66 (s, 3H, CH3), 2.84 (s, 3H, CH3), 7.81–7.97
(m, 4H, Ar-H), 13.45 (s, 1H, NH, D2O exchangeable); 13C NMR
(DMSO-d6) d ppm 20.1, 26.8 (CH3), 121.1, 122.1, 125.0, 131.3,
132.8, 144.4, 146.6, 147.9, 151.2, 154.5, 156.9, 157.2, 158.3, 159.8,
162.7 (CF3 and aromatic carbons), 167.4 (C¼O); MS m/z: 455
[(Mþ 2)þ, 14.02%], 453 [Mþ, 17.20%], 77 [100%]; Anal. Calcd for
C18H11BrF3N3OS: C, 47.59; H, 2.44; N, 9.25. Found: C, 47.67; H,
2.48; N, 9.44.

General procedure for the synthesis of 8-bromo-2-(2-substituted
phenyl)-7,9-dimethyl-2,3-dihydropyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(1H)-ones 7a–d

A mixture of 3-aminothieno[2,3-b]pyridine-2-carboxamide 4 (0.6 g,
2mmol) and the appropriate 2-substituted benzaldehyde (2mmol)
in glacial acetic acid (5mL) was heated under reflux for 10 h. The
reaction was cooled, and the solid formed was filtered, dried and
crystallized from acetic acid.

8-Bromo-2-(2-chlorophenyl)-7,9-dimethyl-2,3-dihydropyrido
[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7a)

Yield: 78%; mp: >300 �C; IR (cm�1): 3433, 3275 (NH), 2947, 2897
(CH-aliphatic), 1643 (C¼O); 1H NMR (DMSO-d6) d ppm 2.67 (s, 3H,
CH3), 2.77 (s, 3H, CH3), 6.11–6.14 (dd, 1H, CH-2, J¼ 7.2 Hz,
J¼ 3.2 Hz), 7.18 (d, 1H, NH, J¼ 7.2 Hz, D2O exchangeable), 7.36–7.54
(m, 4H, Ar-H), 8.34 (d, 1H, NH, J¼ 3.2 Hz, D2O exchangeable);
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13C NMR (DMSO-d6) d ppm 19.7, 26.7 (CH3), 64.3 (CH-2), 110.5,
121.4, 124.5, 127.4, 128.5, 130.5, 132.4, 132.4, 137.8, 144.2, 144.7,
157.4, 159.5 (aromatic carbons), 161.8 (C¼O); Anal. Calcd for
C17H13BrClN3OS: C, 48.30; H, 3.10; N, 9.94. Found: C, 48.53; H, 3.07;
N, 10.19.

8-Bromo-2-(2-fluorophenyl)-7,9-dimethyl-2,3-dihydropyrido
[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7b)

Yield: 78%; mp: 292–293 �C; IR (cm�1): 3410, 3275 (NH), 2954, 2908
(CH-aliphatic), 1635 (C¼O); 1H NMR (DMSO-d6) d ppm 2.66 (s, 3H,
CH3), 2.76 (s, 3H, CH3), 6.13–6.16 (dd, 1H, CH-2, J¼ 6.4 Hz,
J¼ 2.8 Hz), 7.11 (d, 1H, NH, J¼ 6.8 Hz, D2O exchangeable), 7.17–7.48
(m, 4H, Ar-H), 8.36 (d, 1H, NH, J¼ 2.8 Hz, D2O exchangeable); 13C
NMR (DMSO-d6) d ppm 19.8, 26.7 (CH3), 61.8 (CH-2), 110.4, 116.1,
116.3, 121.4, 124.5, 128.0, 128.5, 130.9, 144.4, 144.7, 157.3, 159.1,
159.5 (aromatic carbons), 161.7 (C¼O); Anal. Calcd for
C17H13BrFN3OS: C, 50.26; H, 3.23; N, 10.34. Found: C, 50.49; H, 3.29;
N, 10.50.

8-Bromo-2-(2-hydroxyphenyl)-7,9-dimethyl-2,3-dihydropyrido
[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7c)

Yield: 74%; mp: >300 �C; IR (cm�1): 3421, 3390, 3309 (NH/OH),
2924, 2854 (CH-aliphatic), 1662 (C¼O); 1H NMR (DMSO-d6) d ppm

2.62 (s, 3H, CH3), 2.73 (s, 3H, CH3), 6.06–6.08 (dd, 1H, CH-2,
J¼ 6.0 Hz, J¼ 2.8 Hz), 6.77 (d, 1H, NH, J¼ 6.4 Hz, D2O exchangeable),
6.80–7.41 (m, 4H, Ar-H), 7.99 (d, 1H, NH, J¼ 2.8 Hz, D2O exchange-
able), 9.99 (s, 1H, OH, D2O exchangeable); MS m/z: 403
[(Mþ 2-H2)

þ, 19.99%], 401 [(M-H2)
þ, 16.19%], 93[C6H4OH

þ,
25.25%], 91 [100%]; Anal. Calcd for C17H14BrN3O2S: C, 50.50; H,
3.49; N, 10.39. Found: C, 50.78; H, 3.55; N, 10.56.

8-Bromo-7,9-dimethyl-2-[2-(trifluoromethyl)phenyl]-2,3-
dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7d)

Yield: 31%; mp: 267–268 �C; IR (cm�1): 3394, 3286 (NH), 2974,
2920 (CH-aliphatic), 1658 (C¼O); 1H NMR (DMSO-d6) d ppm 2.66
(s, 3H, CH3), 2.71 (s, 3H, CH3), 6.16 (d, 1H, CH-2, J¼ 6.4 Hz), 6.87 (d,
1H, NH, J¼ 7.2 Hz, D2O exchangeable), 7.60–7.94 (m, 4H, Ar-H),
8.37 (s, 1H, NH, D2O exchangeable); MS m/z: 457 [(Mþ 2)þ,
10.14%], 455 [Mþ, 17.43%], 403 [100%]; Anal. Calcd for
C18H13BrF3N3OS: C, 47.38; H, 2.87; N, 9.21. Found: C, 47.52; H, 2.91;
N, 9.44.

General procedure for the synthesis of 8-bromo-7,9-dimethyl-2-
alkyl-pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-ones 8a–c

A mixture of 3-aminothieno[2,3-b]pyridine-2-carboxamide 4 (0.6 g,
2mmol) and the appropriate acid anhydride (5mL) was heated
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under reflux for 5 h. The reaction was cooled, poured onto ice-
cold water (50mL) and left overnight. The solid formed was fil-
tered, dried and crystallized from the suitable solvent.

8-Bromo-2,7,9-trimethylpyrido[3',2':4,5]thieno[3,2–d]
pyrimidin-4(3H)-one (8a)

Crystallized from acetic acid. Yield: 72%; mp: >300 �C; IR (cm�1):
3417 (NH), 2924, 2870 (CH-aliphatic), 1670 (C¼O); 1H NMR
(DMSO-d6) d ppm 2.46 (s, 3H, CH3), 2.72 (s, 3H, CH3), 3.01 (s, 3H,
CH3), 12.95 (s, 1H, NH, D2O exchangeable); MS m/z: 325 [(Mþ 2)þ,
94.00%], 323 [Mþ, 100%]; Anal. Calcd for C12H10BrN3OS: C, 44.46;
H, 3.11; N, 12.96. Found: C, 44.70; H, 3.17; N, 13.15.

8-Bromo-7,9-dimethyl-2-(trifluoromethyl)pyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(3H)-one (8b)

Crystallized from acetic acid. Yield: 61%; mp: 253–254 �C; IR
(cm�1): 3197 (NH), 2924, 2900 (CH-aliphatic), 1662 (C¼O); 1H NMR
(DMSO-d6) d ppm 2.78 (s, 3H, CH3), 3.06 (s, 3H, CH3), 12.88 (s, 1H,
NH, D2O exchangeable); 13C NMR (DMSO-d6) d ppm 18.9, 26.6
(CH3), 117.9, 120.7, 121.0, 123.0, 124.6, 146.7, 159.3, 159.9, 162.2
(CF3 and aromatic carbons), 172.4 (C¼O); MS m/z: 379 [(Mþ 2)þ,
7.71%], 377 [Mþ, 3.94%], 42 [100%]; Anal. Calcd for
C12H7BrF3N3OS: C, 38.11; H, 1.87; N, 11.11. Found: C, 38.24; H, 1.90;
N, 11.23.

8-Bromo-2-ethyl-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]
pyrimidin-4(3H)-one (8c)

Crystallized from DMF. Yield: 73%; mp: >300 �C; IR (cm�1): 3421
(NH), 2981, 2920 (CH-aliphatic), 1670 (C¼O); 1H NMR (DMSO-d6) d
ppm 1.26 (t, 3H, CH3CH2, J¼ 7.6 Hz), 2.71 (s, 3H, CH3), 2.71–2.75 (q,
2H, CH3CH2, J¼ 7.6 Hz), 2.95 (s, 3H, CH3), 12.78 (s, 1H, NH, D2O
exchangeable); Anal. Calcd for C13H12BrN3OS: C, 46.16; H, 3.58; N,
12.42. Found: C, 46.42; H, 3.63; N, 12.66.

8-Bromo-7,9-dimethyl-2-(2-oxopropyl)pyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-4(3H)-one (9)

A mixture of 3-aminothieno[2,3-b]pyridine-2-carboxamide 4 (0.6 g,
2mmol) and ethyl acetoacetate (6mL) was heated under reflux for
8 h. The reaction was cooled and the solid formed was filtered,
washed with ethanol (2� 25mL), dried and crystallized from acetic
acid.

Yield: 42%; mp: 266–267 �C; IR (cm�1): 3410 (NH), 2924, 2819
(CH-aliphatic), 1685, 1639 (C¼O); 1H NMR (DMSO-d6) d ppm 2.28
(s, 3H, CH3), 2.67 (s, 3H, CH3), 2.93 (s, 3H, CH3), 3.96 (s, 2H, CH2),
12.84 (s, 1H, NH, D2O exchangeable); MS m/z: 367 [(Mþ 2)þ,
6.95%], 365 [Mþ, 5.19%], 43 [CH3CO

þ, 100%]; Anal. Calcd for
C14H12BrN3O2S: C, 45.91; H, 3.30; N, 11.47. Found: C, 46.09; H, 3.37;
N, 11.59.

Ethyl (8-bromo-7,9-dimethyl-4-oxo-3,4-dihydropyrido[3',2':4,5]
thieno[3,2-d]pyrimidin-2-yl)acetate (10)

A mixture of 3-aminothieno[2,3-b]pyridine-2-carboxamide 4 (0.6 g,
2mmol) and diethyl malonate (6mL) was heated under reflux for
8 h. The reaction was cooled and the solid was filtered, washed
with ethanol (2� 25mL), dried and crystallized from acetic acid.

Yield: 84%; mp: 277–278 �C; IR (cm�1): 3294 (NH), 2924, 2854
(CH-aliphatic), 1747, 1658 (C¼O); 1H NMR (DMSO-d6) d ppm 1.21

(t, 3H, CH3CH2, J¼ 7.2 Hz), 2.68 (s, 3H, CH3), 2.92 (s, 3H, CH3), 3.86
(s, 2H, CH2), 4.14–4.19 (q, 2H, CH3CH2, J¼ 7.2 Hz), 13.04 (s, 1H, NH,
D2O exchangeable); MS m/z: 397 [(Mþ 2)þ, 100%], 395 [Mþ,
93.05%], 352 [(Mþ 2- C2H5O)

þ, 4.65%], 350 [(M- C2H5O)
þ, 5.05%];

Anal. Calcd for C15H14BrN3O3S: C, 45.47; H, 3.56; N, 10.60. Found:
C, 45.80; H, 3.61; N, 10.84.

(8-Bromo-7,9-dimethyl-4-oxo-3,4-dihydropyrido[3',2':4,5]thieno
[3,2-d]pyrimidin-2-yl)acetic acid (11)

A mixture of the acetate ester 10 (0.4 g, 1mmol) and 10% alc.
KOH solution (1 g KOH in 10mL ethanol) was heated under reflux
for 4 h. The reaction was cooled, diluted with water (25mL) and
acidified with conc. HCl. The precipitate was filtered, dried and
crystallized from DMF.

Yield: 65%; mp: >300 �C; IR (cm�1): 3433, 3248 (NH/OH), 2924,
2854 (CH-aliphatic), 1720, 1666 (C¼O); 1H NMR (CF3COOD, DMSO-
d6) d ppm 2.66 (s, 3H, CH3), 2.93 (s, 3H, CH3), 3.75 (s, 2H, CH2);
Anal. Calcd for C13H10BrN3O3S: C, 42.41; H, 2.74; N, 11.41. Found:
C, 42.69; H, 2.72; N, 11.56.

Pim-1 kinase inhibitory activity

Materials and methods

The kinase inhibitory activity of the synthesized compounds was
determined using the Kinexus compound profiling service,
Canada. All the compounds were tested for their inhibitory activity
against pim-1 kinase at 50lM. The kinase used was cloned,
expressed and purified using proprietary methods. Quality control
testing is routinely performed to ensure compliance to acceptable
standards. 33P-ATP was purchased from PerkinElmer. All other
materials were of standard laboratory grade.

Pim-1 kinase protein assay

The protein kinase target profiling was executed via employing a
radioisotope assay format. All the assays were performed in a pre-
pared radioactive working area. The protein kinase profiling assays
were performed at room temperature for 20–30min in a final vol-
ume of 25 lL according to the following assay reaction compo-
nents: Component 1; 5 ll of diluted active protein kinase
(�10–50 nM final concentration in the assay). Component 2; 5ll of
stock solution of substrate. Component 3; 5 ll of kinase assay buf-
fer. Component 4; 5 ll of the test compound, Staurosporine at
1 lM or 10% DMSO. Component 5; 5 ll of 33P-ATP (250lM stock
solution, 0.8 lCi).

The assay was initiated by the addition of 33P-ATP, followed by
incubation at ambient temperature for 30min. The assay was then
terminated by spotting 10 lL of the reaction mixture onto a
Multiscreen phosphocellulose P81 plate. The Multiscreen phospho-
cellulose P81 plate was washed three times for approximately
15min each in a 1% phosphoric acid solution. The radioactivity on
the P81 plate was counted in the presence of scintillation fluid in
a Trilux scintillation counter. Blank control was set up that
included all the assay components except the addition of the
appropriate substrate (replaced with equal volume of assay dilu-
tion buffer). The corrected activity for protein kinase target was
determined by removing the blank control value. The results were
displayed in terms of percent inhibition and IC50 for the most
active compounds. Table 1 and Figure 4 showed the obtained
results.
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In vitro cytotoxic activity

Cell culture
Cancer cells from different cancer cell lines were purchased from
American type Cell Culture collection (ATCC, Manassas, VA). The
cell lines used in this study were human breast adenocarcinoma
(MCF7), human colon adenocarcinoma (HCT116) and human pros-
tate cancer cells (PC3). The cell lines were grown on the appropri-
ate growth medium Dulbecco's modified Eagle's medium (DMEM)
or Roswell Park Memorial Institute medium (RPMI 1640) supple-
mented with 100mg/mL of streptomycin, 100 units/mL of penicil-
lin and 10% of heat-inactivated fetal bovine serum in a
humidified, 5% (v/v) CO2 atmosphere at 37 �C.

Cytotoxicity assay by 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenylte-
trazolium bromide (MTT)
Exponentially growing cells from different cancer cell lines were
trypsinized, counted and seeded at the appropriate densities
(2000–10 000 cells/0.33 cm2 well) into 96-well microtiter plates. The
cells were incubated in a humidified atmosphere at 37�C for 24 h.
Then, the cells were exposed to different concentrations of com-
pounds 6c, 7a, 7c, 7d, 8b and 9 (0.1, 10, 100 and 1000 lM) for
72 h. The viability of the treated cells was determined using MTT
technique. The media were removed; cells were incubated with
200 lL of 5% MTT solution/well (Sigma Aldrich, St. Louis, MO) and
were allowed to metabolize the dye into colored-insoluble forma-
zan crystals for 2 h. The remaining MTT solution was discarded
from the wells and the formazan crystals were dissolved in 200lL/
well-acidified isopropanol for 30min, covered with aluminum foil
and with continuous shaking using a MaxQ 2000 plate shaker
(Thermo Fisher Scientific Inc, MI) at room temperature. The
absorbance was measured at 570 nm using a Stat FaxR 4200 plate
reader (Awareness Technology, Inc., Palm City, FL). The cell

viability were expressed as percentage of control and the concen-
tration that induces 50% of maximum inhibition of cell prolifer-
ation (IC50) was determined for each compound using Graph Pad
Prism version 5 software (Graph Pad software Inc, CA)32,33. The
results are shown in Table 2 and represented graphically in Figure
5.

Results and discussion

Chemistry

The synthesis of the target compounds was outlined in
Schemes 1–3.

The synthesis of the starting compound 4 was accomplished via
alkaline hydrolysis of 3-amino-5-bromo-4,6-dimethylthieno[2,3-
b]pyridine-2-carbonitrile (3). The latter compound was prepared as
reported by Madkour et al.30. The formation of compound 4 was
confirmed by IR spectroscopy that showed the disappearance of the
characteristic CN band and the appearance of C¼O band at
1666 cm�1 and two NH2 forked bands at 3464–3267 cm�1. The 1H
NMR spectrum of the carboxamide derivative 4 showed two
exchangeable NH2 signals at d 6.89 and d 7.25 ppm. It is noteworthy
that compound 4 was previously reported as unexpected product
during acid catalyzed hydrolysis of N2,N2-di(5-methyl-2-furylmethyl)-
3-amino-4,6-dimethylthieno[2,3-b]pyridine-2-carboxamide31.

Reacting the 3-aminothieno[2,3-b]pyridine-2-carboxamide 4
with 2-substituted benzaldehydes in DMF and few drops of conc.
HCl afforded 8-bromo-2-(2-substituted phenyl)-7,9-dimethylpyri-
do[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-ones 6a–d. The IR spectra
of compounds 6a–d showed one NH band at 3464–3309 cm�1

together with C¼O band at 1670–1662 cm�1. Their 1H NMR spec-
tra revealed the presence of one exchangeable singlet signal at d
12.82–13.45 ppm corresponding to NH proton as well as the aro-
matic signals at d 7–8 ppm. The 13C NMR spectra of 6a, 6b and 6d

Table 1. Results of pim-1 kinase inhibition achieved by the test compounds at 50 lM.

N

Br

S O

NH2

NH2

4

N S

N
NHBr

O

R

5, 6, 8-10 7a-d

N S

N
NHBr

O

RH

Compound no. R % Inhibition IC50 in lM

4 – 16 NDa

5 H 37 ND
6a 2-ClC6H4 36 >100
6b 2-FC6H4 61 ND
6c 2-OHC6H4 85 4.62 ± 0.039
6d 2-CF3C6H4 54 ND
7a 2-ClC6H4 81 1.18 ± 0.14
7b 2-FC6H4 66 ND
7c 2-OHC6H4 93 1.38 ± 0.025
7d 2-CF3C6H4 98 1.97 ± 0.022
8a CH3 51 ND
8b CF3 96 8.83 ± 0.028
8c C2H5 17 ND
9 CH2COCH3 89 4.18 ± 0.076
10 CH2COOC2H5 31 ND
11 CH2COOH 19 ND
Staurosporine (1lM) 93 ND

Bold values indicated the most potent compounds.
aND: means not determined.
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showed a signal at d 161–170 ppm corresponding to C¼O
carbon.

On the other hand, reacting compound 4 with 2-substituted
benzaldehydes in acetic acid gave 2,3-dihydropyridothienopyrimi-
din-4-ones 7a–d. The formation of the dihydro products was con-
firmed by the spectral data. Thus, the IR spectra of compounds
7a–d showed two NH bands at 3433–3275 cm�1 and one C¼O
band at 1662–1635 cm�1. A bright evidence was obtained from
the 1H NMR spectra of compounds 7a–d that revealed the pres-
ence of two exchangeable doublet signals at d 6.77–7.18 ppm and
d 7.99–8.37 ppm corresponding to two NH protons as well as a
doublet of doublets signal at d 6.06–6.16 ppm corresponding to
CH-2 proton. Moreover, the 13C NMR spectra of compounds 7a,b
showed a signal at d 61.8–64.8 ppm corresponding to CH-2 carbon
together with the signals of the introduced aromatic carbons and
the C¼O carbons.

Reacting the starting compound 4 with different acid anhy-
drides afforded 2-methyl, 2-trifluoromethyl and 2-ethylpyridothie-
nopyrimidinones 8a–c. The IR spectroscopy confirmed the
structures of 8a–c through the appearance of NH band at
3421–3197 cm�1 and C¼O band at 1662–1670 cm�1. Meanwhile,
their 1H NMR spectra showed an NH exchangeable singlet signal
at d 12.78–12.95 ppm. The 13C NMR spectrum of compound 8b
showed a signal at d 172.4 ppm corresponding to C¼O carbon.

The reaction of the amino amide derivative 4 and ethyl acetoa-
cetate or diethyl malonate gave the 2-(2-oxopropyl) derivative 9
and the acetate derivative 10, respectively. The IR spectrum of
both compounds showed two carbonyl bands at 1685 and
1639 cm�1 in case of compound 9 and 1747, 1658 cm�1 in case of
compound 10. The 1H NMR spectrum of compound 9 revealed

the appearance of two singlet signals at d 2.28 ppm and d
3.96 ppm corresponding to the 2-oxopropyl protons as well as an
exchangeable singlet signal at d 12.84 ppm indicating the cycliza-
tion of the pyrimidine ring. Whilst, the 1H NMR spectrum of com-
pound 10 showed a singlet signal at d 3.86 ppm assigned to the
methylene proton beside triplet and quartet signals assigned to
the ethyl protons.

Alkaline hydrolysis of the ester group of compound 10 using
10% alc. KOH resulted in the formation of the acetic acid deriva-
tive 11. Its IR spectrum indicated the absence of the ester C¼O
at 1747 cm�1 and the appearance of acidic C¼O at 1720 cm�1.
While, its 1H NMR spectrum revealed the absence of the character-
istic triplet and quartet signals of the ester group.

Pim-1 kinase inhibitory activity

All the compounds were tested for their ability to inhibit pim-1
kinase at 50 lM using the Kinexus compound profiling service,
Canada and the results (in terms of percentage inhibition and IC50
for the active compounds) were displayed in Table 1 and repre-
sented graphically in Figure 4.

The results indicated that six compounds exhibited highly
potent pim-1 inhibitory activity in the range of 81–98%. These
compounds were 6c (85%), 7a (81%), 7c (93%), 7d (98%), 8b
(96%) and 9 (89%). Consequently, their IC50 were determined as:
6c (4.62lM), 7a (1.18lM), 7c (1.38 lM), 7d (1.97 lM), 8b (8.83 lM)
and 9 (4.18lM).

Besides, four compounds showed moderate inhibitory activity
in the range of 51–66% [compounds 6b (61%), 6d (54%), 7b
(66%) and 8a (51%)]. The rest of the synthesized compounds dis-
played poor enzyme inhibitory activity. These results were far bet-
ter than those obtained with thieno[2,3-b]pyridine derivatives24.

SAR study of the pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-
ones as pim-1 inhibitors indicated the following points:

� The 2-unsubstituted derivative 5 showed poor enzyme inhibi-
tory activity (37%).

� Regarding the 2-(2-substituted phenyl) series (6a–d), it was
found that the 2-chlorophenyl derivative 6a gave poor inhib-
ition of pim-1 kinase (36%) with IC50 >100 lM. However, other
members of the same series showed moderate to potent
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Figure 4. Percent inhibition of the test compounds and staurosporine (Sta) against pim-1 kinase.

Table 2. Results of in vitro cytotoxic screening of compounds 6c, 7a, 7c, 7d, 8b
and 9 on three cell lines.

IC50 in lMa

Compound no. MCF7 HCT116 PC3

6c 35.5 ± 1.30 63.3 ± 4.50 60.12 ± 4.65
7a 23.8 ± 0.40 18.26 ± 0.68 24.2 ± 0.91
7c 59.6 ± 1.20 180.69 ± 5.03 58.16 ± 3.48
7d 30.2 ± 0.80 30.03 ± 0.55 38.4 ± 1.07
8b 28.6 ± 1.00 23.48 ± 0.53 59.9 ± 2.48
9 123.2 ± 12.00 151.33 ± 4.04 182.69 ± 12.07
aThe values given are means of three experiments.
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activity (54–85%). The 2-hydroxyphenyl derivative 6c showed
the highest pim-1 inhibitory activity in this series (85% inhib-
ition of pim-1 kinase with IC50 4.62lM).

� The 2-(2-substituted phenyl)-2,3-dihydro series (7a–d) afforded
the most potent pim-1 inhibitors in this study. Members
belonging to this series showed pim-1 inhibition in the range
of 66-98% with IC50 values in the range of 1.18-1.97 lM. The 2-
chlorophenyl derivative 7a showed the highest pim-1 kinase
inhibition with IC50 of 1.18 lM (compare with 6a). Thus, it
seemed that aromaticity of the pyrimidine ring was not essen-
tial for pim-1 inhibition. Further study of the effect of substitu-
tion at meta or para positions of the phenyl ring is still needed

� The 2-alkyl derivatives 8a–c exhibited great variability in their
activities as pim-1 inhibitors. Thus, while the 2-methyl deriva-
tive 8a showed moderate pim-1 inhibition (51%), its replace-
ment with 2-triflouromethyl group in 8b enhanced the activity
significantly (96% inhibition and IC50 of 8.83 lM). On the other
hand, increasing the chain length into 2-ethyl group (com-
pound 8c) reduced the enzyme inhibition greatly (23%).

� Regarding the carbonyl containing alkyl series 9–11, it was
found that the oxopropyl derivative 9 showed potent pim-1
inhibitory activity (89% with IC50 of 4.18 lM). Nevertheless, the
ethyl acetate derivative 10 and its acid derivative 11 gave poor
pim-1 inhibition.

In vitro cytotoxic activity

The most active pim-1 inhibitors in this study work, namely, com-
pounds 6c, 7a, 7c, 7d, 8b and 9 were screened for their cytotoxic
activity against three cell lines using MTT method32,33. The cell
lines examined were the human breast adenocarcinoma (MCF7),
the human colon adenocarcinoma (HCT116) and the human pros-
tate cancer cells (PC3). The results in terms of IC50 in lM are given
in Table 2 and represented graphically in Figure 5.

From the results, it can be concluded that MCF7 and HCT116
cell lines were more sensitive to the action of the compounds
than PC3 cell line.

Compounds 7a [the 2-(2-chlorophenyl)-2,3-dihydro derivative]
and 7d [the 2-(2-(trifluoromethyl)-phenyl)-2,3-dihydro derivative]
displayed the most potent cytotoxic effect on the three cell lines
tested with IC50 values between 18 and 38lM. These results were
consistent with their high kinase IC50 values. Whilst, compound 8b
[the 2-(trifluoromethyl) derivative] showed potent cytotoxic activity

on MCF7 and HCT116 cell lines and moderate cytotoxic effect on
PC3 cell line.

Both compounds 6c and 7c exhibited moderate cytotoxic effect
on all the cell lines tested, whilst compound 9 displayed weak
cytotoxic activity on the three cell lines.

Again, the results obtained here were better than those
obtained with thieno[2,3-b]pyridine derivatives.

Conclusion

Structure rigidification via ring closure proved to be a successful
strategy to improve the pim-1 inhibitory activity as well as the
cytotoxic activity of thieno[2,3-b]pyridines. In the present work,
four series of pyridothienopyrimidin-4-one derivatives were
designed and prepared as pim-1 inhibitors. While only one
thieno[2,3-b]pyridine derivative displayed potent pim-1 inhibition
with IC50 of 12.71 lM, six pyridothienopyrimidin-4-ones (6c, 7a, 7c,
7d, 8b and 9) showed highly potent pim-1 inhibitory activity with
IC50 of 4.62, 1.18, 1.38, 1.97, 8.83 and 4.18lM, respectively. SAR
study of pyridothienopyrimidin-4-ones indicated that the 2-(2-sub-
stituted phenyl)-2,3-dihydro series 7a–d afforded the most potent
pim-1 inhibitors. The most active compounds were tested for their
cytotoxic activity on three cell lines [MCF7, HCT116 and PC3].
Compounds 7a [the 2-(2-chlorophenyl)-2,3-dihydro derivative] and
7d [the 2-(2-(trifluoromethyl)-phenyl)-2,3-dihydro derivative] exhib-
ited the most potent cytotoxic activity on the three cell lines
tested. A significant improvement of the cytotoxic activity was
also noticed relative to the precursors thieno[2,3-b]pyridine deriva-
tives. The results of the cytotoxicity were in good agreement with
the pim-1 IC50 values. Further work on pyridothienopyrimidin-4-
ones is still needed to obtain more potent pim-1 inhibitors and to
improve the physicochemical properties of these derivatives.

Acknowledgements

The authors are grateful to Kinexus lab, Canada, for performing
the kinase inhibitory assays.

Disclosure statement

The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of this article.

Figure 5. IC50 in lM of compounds 6c, 7a, 7c, 7d, 8b and 9 on three cell lines.

466 B. H. NAGUIB ET AL.



References

1. Le BT, Kumarasiri M, Adams JRJ, et al. Targeting Pim kinases
for cancer treatment: opportunities and challenges. Future
Med Chem 2015;7:35–53.

2. Narlik-Grassow M, Blanco-Aparicio C, Carnero A. The PIM
family of serine/threonine kinases in cancer. Med Res Rev
2014;34:136–59.

3. Nawijn MC, Alendar A, Berns A. For better or for worse: the
role of Pim oncogenes in tumorigenesis. Nat Rev Cancer
2011;11:23–34.

4. Cuypers HT, Selten G, Quint W, et al. Murine leukemia virus-
induced T-cell lymphomagenesis: integration of proviruses in
a distinct chromosomal region. Cell 1984;37:141–50.

5. Tursynbay Y, Zhang J, Li Z, et al. Pim-1 kinase as cancer
drug target: an update (Review). Biomed Rep 2016;4:140–6.

6. Keane NA, Reidy M, Natoni A, et al. Targeting the Pim kin-
ases in multiple myeloma. Blood Cancer J 2015;5:e325.

7. Foulks JM, Carpenter KJ, Luo B, et al. A small-molecule
inhibitor of pim kinases as a potential treatment for urothe-
lial carcinomas. Neoplasia 2014;16:403–12.

8. Decker S, Finter J, Forde A, et al. PIM kinases are essential
for chronic lymphocytic leukemia cell survival (PIM2/3) and
CXCR4-mediated microenvironmental interactions (PIM1).
Mol Cancer Ther 2014;13:1231–45.

9. Lu J, Zavorotinskaya T, Dai Y, et al. Pim2 is required for
maintaining multiple myeloma cell growth through modulat-
ing TSC2 phosphorylation. Blood 2013;122:1610–20.

10. Drygin D, Haddach M, Pierre F, Ryckman DM. Potential use
of selective and nonselective pim kinase inhibitors for cancer
therapy. J Med Chem 2012;55:8199–208.

11. Guo S, Mao X, Chen J, et al. Overexpression of Pim-1 in blad-
der cancer. J Exp Clin Cancer Res 2010;29:161–7.

12. Brault L, Gasser C, Bracher F, et al. PIM serine/threonine kin-
ases in the pathogenesis and therapy of hematologic malig-
nancies and solid cancers. Haematologica 2010;95:1004–15.

13. Merke AL, Meggers E, Ocker M. PIM1 kinase as a target for
cancer therapy. Expert Opin Investig Drugs 2012;21:425–36.

14. Morwick T. Pim kinase inhibitors: a survey of the patent lit-
erature. Expert Opin Ther Patents 2010;20:193–212.

15. Arunesh GM, Shanthi E, Krishna MH, et al. Small molecule
inhibitors of PIM1 kinase: July 2009 to February 2013 patent
update. Expert Opin Ther Patents 2014;24:5–17.

16. Qian K, Wang L, Cywin CL, et al. Hit to lead account of the
discovery of a new class of inhibitors of Pim kinases and
crystallographic studies revealing an unusual kinase binding
mode. J Med Chem 2009;52:1814–27.

17. Xie Y, Bayakhmetov S. PIM1 kinase as a promise of targeted
therapy in prostate cancer stem cells (Review). Mol Clin
Oncol 2016;4:13–17.

18. Keeton EK, McEachern K, Dillman KS, et al. AZD1208, a
potent and selective pan-Pim kinase inhibitor, demonstrates

efficacy in preclinical models of acute myeloid leukemia.
Blood 2014;123:905–13.

19. Siddiqui-Jain A, Drygin D, Streiner N, et al. CX-4945, an orally
bioavailable selective inhibitor of protein kinase CK2, inhibits
prosurvival and angiogenic signaling and exhibits antitumor
efficacy. Cancer Res 2010;70:10288–98.

20. Pierre F, Stefan E, N�edellec AS, et al. 7-(4H-1,2,4-Triazol-3-
yl)benzo[c][2,6]naphthyridines: a novel class of Pim kinase
inhibitors with potent cell antiproliferative activity. Bioorg
Med Chem Lett 2011;21:6687–92.

21. Garcia PD, Langowski JL, Wang Y, et al. Pan-PIM kinase
inhibition provides a novel therapy for treating hemato-
logical cancers. Clin Cancer Res 2014;20:1834–45.

22. Burger MT, Han W, Lan J, et al. Structure guided optimiza-
tion, in vitro, in vivo activity, and activity of Pan-PIM kinase
inhibitors. ACS Med Chem Lett 2013;4:1193–7.

23. Qian KC, Wang L, Hickey ER, et al. Structural basis of consti-
tutive activity and a unique nucleotide binding mode of
human Pim-1 Kinase. J Biol Chem 2005;280:6130–7.

24. Naguib BH, El-Nassan HB. Synthesis of new thieno[2,3-b]pyri-
dine derivatives as pim-1 inhibitors. J Enzyme Inhib Med
Chem 2016;31:1718–25.

25. Xiang Y, Hirth B, Asmussen G, et al. The discovery of novel
benzofuran-2-carboxylic acids as potent Pim-1 inhibitors.
Bioorg Med Chem Lett 2011;21:3050–6.

26. Abbott Laboratories. Pim kinase inhibitors as cancer chemo-
therapeutics. WO2008082839; 2008.

27. Tao Z-F, Hasvold L, Leverson JD, et al. Discovery of 3H-
Benzo[4,5]thieno[3,2-d]pyrimidine-4-ones as potent, highly
selective, and orally bioavailable inhibitors of the human
protooncogene proviral insertion site in moloney murine
leukemia virus (PIM) kinases. J Med Chem 2009;52:6621–36.

28. Exelixis, Inc. Benzofuropyrimidinones as protein kinase inhib-
itors. WO2009086264; 2009.

29. Tsuhako AL, Brown DS, Koltun ES, et al. The design, synthe-
sis, and biological evaluation of PIM kinase inhibitors. Bioorg
Med Chem Lett 2012;22:3732–8.

30. Madkour HMF, Afify AAE, Abdalha AA, et al. Synthetic utility
of enaminonitrile moiety in heterocyclic synthesis: synthesis
of some new thienopyrimidines. Phosphorus Sulfur Silicon
Relat Elem 2009;184:719–32.

31. Stroganova TA, Vasilin VK, Zelenskaya EA, et al. Some trans-
formations of tertiary N-furfurylamides of aromatic and het-
eroaromatic carboxylic acids under acidic conditions.
Synthesis 2008;19:3088–98.

32. Mosmann T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays.
J Immunol Methods 1983;65:55–63.

33. Scudiere DA, Shoemaker RH, Paul KD, et al. Evaluation of a
soluble Tetrazolium/Formazan assay for cell growth and
drug sensitivity in culture using human and other tumor cell
lines. Cancer Res 1988;48:4827–33.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 467


	Synthesis of new pyridothienopyrimidinone derivatives as Pim-1 inhibitors
	Introduction
	Experimental 
	General notes
	3-Amino-5-bromo-4,6-dimethylthieno[2,3-b]pyridine-2-carboxamide (4)
	General procedure for the synthesis of 8-bromo-2-(2-substituted phenyl)-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-ones 6a-d
	8-Bromo-2-(2-chlorophenyl)-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (6a)
	8-Bromo-2-(2-fluorophenyl)-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (6b)
	8-Bromo-2-(2-hydroxyphenyl)-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (6c)
	8-Bromo-7,9-dimethyl-2-[2-(trifluoromethyl)phenyl]pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (6d)
	General procedure for the synthesis of 8-bromo-2-(2-substituted phenyl)-7,9-dimethyl-2,3-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-ones 7ad
	8-Bromo-2-(2-chlorophenyl)-7,9-dimethyl-2,3-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7a)
	8-Bromo-2-(2-fluorophenyl)-7,9-dimethyl-2,3-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7b)
	8-Bromo-2-(2-hydroxyphenyl)-7,9-dimethyl-2,3-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7c)
	8-Bromo-7,9-dimethyl-2-[2-(trifluoromethyl)phenyl]-2,3-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(1H)-one (7d)
	General procedure for the synthesis of 8-bromo-7,9-dimethyl-2-alkyl-pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-ones 8ac
	8-Bromo-2,7,9-trimethylpyrido[3',2':4,5]thieno[3,2d]pyrimidin-4(3H)-one (8a)
	8-Bromo-7,9-dimethyl-2-(trifluoromethyl)pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one(8b)
	8-Bromo-2-ethyl-7,9-dimethylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (8c)
	8-Bromo-7,9-dimethyl-2-(2-oxopropyl)pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (9)
	Ethyl (8-bromo-7,9-dimethyl-4-oxo-3,4-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-2-yl)acetate (10)
	(8-Bromo-7,9-dimethyl-4-oxo-3,4-dihydropyrido[3',2':4,5]thieno[3,2-d]pyrimidin-2-yl)acetic acid (11)

	Pim-1 kinase inhibitory activity
	Materials and methods
	Pim-1 kinase protein assay
	In vitro cytotoxic activity

	Results and discussion
	Chemistry
	Pim-1 kinase inhibitory activity
	In vitro cytotoxic activity

	Conclusion
	Acknowledgements
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


