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Graphic abstract:  

A series of pyrazol-furan carboxamide analogues featuring more restricted 

conformation in contrast to GSK2141795 were rationally designed, synthesized and 

biologically evaluated. 
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Abstract: 

A series of novel pyrazol-furan carboxamide analogues were designed, synthesized and 

biologically evaluated for their Akt1 inhibitory activities, as well as anti-proliferative efficacies 

against HCT116 and OVCAR-8 cell lines. Most compounds exhibited moderate to excellent Akt1 

inhibitory activities, together with favorable cytotoxicities. Further kinase selectivity assay of the 

most promising compound 25e illustrated that it was also potent against the structurally related AGC 

kinases, including Akt2, Akt3, ROCK1 and PKA, but was specific over kinases from other 

subfamilies. In addition, the Western blot analysis indicated that 25e could significantly suppress the 

phosphorylation level of Akt substrate GSK3β in PC-3 cell. Moreover, 25e demonstrated a 

concentration-dependent inhibition of phosphorylation of PRAS40 in LNCaP cell, with IC50 value of 

30.4 nM. 

 

Keywords: Akt1 inhibitor; Synthesis; Cytotoxicity; Molecular docking; Cancer. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1. Introduction 

The serine/threonine kinase Akt, also called protein kinase B (PKB), acts as an essential node in 

the PI3K-Akt-mTOR signaling pathway which plays a critical role in mediating a wide range of 

cellular functions including survival, metabolism, proliferation, growth and apoptosis [1]. Akt, 

belonging to the AGC kinase family, is comprised of three highly homologous isoforms in mammals, 

termed Akt1 (PKB-α), Akt2 (PKB-β) and Akt3 (PKB-γ) [2]. Among them, Akt1 is widely expressed 

in various tissues, while Akt2 and Akt3 are relatively distinctive, mainly locating in 

insulin-responsive tissues (Akt2) and brain, lung and kidney (Akt3) [3]. Aberrant activation of Akt 

has been found in a large number of human cancers, including breast, prostate, lung, ovarian, 

pancreatic and hematologic malignancies [4-7]. In addition, overexpression of Akt is often associated 

with poor prognosis and resistance to cancer treatment with chemotherapy or targeted therapies, such 

as EGFR and BRAF kinase inhibitors [8-10]. Therefore, the inhibition of Akt presents great potential 

in the treatment of cancers [11-13]. To date, three kinds of Akt inhibitors with different mechanisms 

of action have been advanced into clinical trial (Fig. 1), including phosphatidylinositol analog 

inhibitors (e.g. Perifosine), allosteric inhibitors (e.g. MK-2206) and ATP-competitive inhibitors (e.g. 

GDC-0068 and AZD5363) [14-18]. More recently, the structures of novel Akt inhibitors 

GSK2141795 and GSK2110183 were disclosed, and both of them have entered several advanced 

clinical trials for the treatment of hematologic and solid malignancies [19-26]. To be of interest, they 

share the similar skeletons with furan-pyrazole and thiophene-pyrazole moiety respectively, 

demonstrating that both of these fragments would be promising for Akt1 inhibitors. In this context, 

with aim to explain the potent Akt1 inhibitory activities, we proposed the possible binding mode 

between them and the ATP-bound pocket of Akt1 (Fig. 2A), consisting of three essential interactions 

(hinge region, acidic hole and hydrophobic pocket). 

As a well-established drug design strategy, the conformational restriction has been frequently 

introduced to some structurally flexible ligands for optimizing the biological activity, specificity and 

metabolic stability [27-33]. Considering this, our modification of GSK2141795 prioritized replacing 

its flexible 3,4-difluorophenylpropanamine with the 4,4-disubstituted-piperidine moiety, a privileged 

fragment for Akt1 inhibitors bearing more conformational rigidity (e.g. AT-7867) [34, 35]. After 

assembling this fragment to the furan-pyrazol skeleton, the conformation of the resultant compound 

25e matched favorably to that of GSK2141795 (Fig. 2B), thereby testifying its potential as an 
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alternative to the 3,4-difluorophenylpropanamine. Herein, we reported our continued efforts in the 

field of Akt inhibitors that culminated in a novel structural series of pyrazol-furan analogues 

featuring more conformational restriction in contrast to GSK2141795 (Fig. 3). 

 
2. Results and discussion 

2.1. Chemistry 

The synthetic routes for pyrazol-furan carboxamide analogues are outlined in Scheme 1-3. Suzuki 

coupling of thiophene-2-carbaldehyde 1 with borate in the presence of Pd(PPh3)4, afforded 

pyrazol-thiophene-2-carbaldehyde 2, which was subsequently converted to 3a,b through 

electrophilic substitution with NCS or NBS in THF. Oxidation of 2 or 3a,b with KMnO4 in acetone 

furnished pyrazol-thiophene-2-carboxylic acids 4a-c in good yields (Scheme 1). 

The pyrazol-furan-2-carboxylic acid and its analogues were prepared as follows (Scheme 2). The 

bromides 11a,b (Synthetic methods could be found in the Supporting Information) were coupled 

with 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole to provide 12a,b. 

Treatment of compounds 12a,b with different proportions of NCS or NBS at different temperature in 

THF/DMF, followed by hydrolysis reaction under basic conditions yielded the intermediate 13a-f. 

Similarly, key acid fragments 16a-c and 19a,b could be obtained by using 14 and 17 as the starting 

materials. 

Alkylation of commercially available 2-arylacetonitrile 20a,b with 

N,N-bis(2-chloroethyl)benzylamine hydrochloride under phase-transfer conditions furnished 

piperidines 21a,b. Hydrolysis of the cyano group of 21a,b with KOH in 1,2-ethanediol provided 

acids 22a,b, which subsequently experienced a Curtius rearrangement to give the aminopiperidine 

derivatives 23a,b. Treatment of 23a,b with 4a-c, 13a-f, 16a-c, or 19a,b, followed by removal of the 

benzyl group yielded the desired compounds 24a-d, 25a-e, 26a-c, 27a-c and 28a,b in excellent 

yields (Scheme 3). 

 

2.2. Akt1 inhibitory and anti-proliferative activities 

The Akt1 inhibitory activities of all the target compounds 24a-d, 25a-e, 26a-c, 27a-c and 28a,b 

were evaluated via a competitive fluorescence polarization kinase activity assay. AZD5363 and 

GSK2141795, two promising pan-Akt inhibitors under clinical trial, were used as the positive control. 

The results are summarized in Table 1. 
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As shown in Table 1, most of the tested compounds demonstrated moderate to excellent Akt1 

inhibitory activities with IC50 values ranging from low micromolar to nanomolar level, except for the 

compounds 26a, 26c and 27b (＜50% inhibition at 1 µg/mL). In the series of thiophen ring as the 

linker (24a-d), introduction of halogen (chloro or bromo) to the 4-position of the pyrazol 

hinge-binder improved the potency, as exemplified by compounds 24b and 24c, which were about 

3-fold more potent than 24a. Replacement of 4-F substitution pattern with 3,4-dichloro on terminal 

phenyl ring (24d, Akt1 IC50 = 0.071 µM) resulted in an over 10-fold improvement in Akt1 potency, 

which is consistent with the SAR of previously reported Akt inhibitors [36]. In the set of 

furan-linked analogues 25a-e, most of the compounds showed similar Akt1 inhibitory effect to that 

of 24a-d. Introduction of a chlorine substituent at the 5-position of furan linkage boosted the potency 

(25d vs 25a). Further introduction of 3,4-dichloro substitution pattern into 25d gave 25e, the direct 

analogue of GSK2141795, which was proved to be most potent throughout the series (IC50 = 0.061 

µM) and pertained to the same order of magnitude as AZD5363 (IC50 = 0.034 µM) and GSK2141795 

(IC50 = 0.018 µM). Translocation of pyrazol moieties to 5-position of furyl linkage gave 26a-c. 

Unfortunately, this modification was proved to be detrimental to the inhibitory potency. Encouraged 

by this, we subsequently probed SARs around a selection of linkages. N-methylpyrrol analogues 

27a-c, showed somewhat reduced Akt1 inhibiting effect. In addition, a larger phenyl linkage was 

also found to be of no benefit to Akt1inhibitory potency, as illustrated by compounds 28a,b. 

Furthermore, all the above compounds were tested for their anti-proliferative activities in vitro 

against two human cancer cell lines including OVCAR-8 (Ovarian Adenocarcinoma) and HCT116 

(Human Colon Cancer) by Sulforhodamine B (SRB) assay. All of them exhibited moderate to potent 

cytotoxicities against both cell lines as outlined in Table 1. Among them, 24d bearing a 

2,4-disubstituted thiophen linker was the most remarkable with IC50 values of 1.61 µM and 3.92 µM 

against OVCAR-8 and HCT-116 cell lines, respectively. It is noteworthy that compound 25e, the 

most potent Akt1 inhibitor (Akt1 IC50 = 0.061 µM)) of this series, also displayed favorable 

anti-proliferative activities against OVCAR-8 (IC50 = 9.76 µM) and HCT-116 (IC50 = 7.76 µM) cell 

lines, which was comparable to AZD5363 with the IC50 values of 7.27 and 5.20 µM, respectively.  

2.3. Kinase selectivity assay 

In order to investigate the selectivity profile of target compounds, compound 25e was evaluated 
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against a panel of over 20 kinases at concentrations of 10 µM and 0.5 µM.  

According to the biological data in Table 2, 25e exhibited favorable specificity over kinases form 

subfamilies including TK, CAMK, TKL, CMGC. However, as for other two Akt isoforms or kinases 

highly homologous to Akt1 in the AGC family, the selectivity was compromised to some extent. At 

the 0.5µM, more than 50% inhibition was obtained against PKA, RSK1, P70S6K, ROCK1, SGK, 

MSK1 and PRKG1. 

 

2.4. Western blot analysis 

Compound 25e was further assessed for its capability to downregulate the phosphorylation of 

GSK3β (S9), a key downstream effector of Akt in PC-3 cell line using Western Blot assay. As 

illustrated in Fig. 4, 25e exhibited a significant inhibition effect on the phosphorylated GSK3β (S9), 

without decreasing the overall total GSK3β, Akt and GAPDH protein levels. In addition, a feedback 

increase in phosphorylated Akt (S473) was observed at 1µM, whereas phosphorylation on Akt was 

also inhibited at higher concentration (10 µM). This phenomenon was consistent with that observed 

for a myriad of ATP-competitive Akt inhibitors [37-39]. 

 

2.5. Phosphorylated PRAS40 (pThr246) cellular ELISA assay 

Subsequently, the IC50 value against Akt was determined for 25e at the cellular level via ELISA 

assay. The PTEN-null LNCaP prostate cell line was used for this analysis due to its overactive Akt 

pathway. As shown in Fig. 5, 25e demonstrated a pronounced effect on the inhibition of 

phosphorylation of PRAS40, a known Akt substrate, with IC50 value of 30.4 nM, which was over 10- 

and 2-fold more efficacious than AZD5363 and GSK2141795, respectively. 

 

2.6. Molecular docking study 

With an attempt to explore the possible binding modes of these pyrazol-furan analogues, 25e and 

28a were docked into the Akt1 catalytic cleft on the basis of the co-crystal structure of AZD5363 

complexed with Akt1. 

As shown in Fig. 6A, compound 25e occupied the ATP binding site of Akt1 via conferring four 

hydrogen bonds. Firstly, the pyrazol ring formed an essential hydrogen bond with residue Ala230. 

Meanwhile, the hydrogen of amide attached to the furan linkage served as an H-bond donor for 
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Asp292. Besides, the basic piperidine group interacted with the side chains of Asn279 and Glu278 in 

the carbonyl-rich region via two hydrogen bonds. Beyond these H-bond interaction, the 

3,4-dichlorophenyl group of 25e inserted into a small hydrophobic pocket under the P-loop and 

generated substantial hydrophobic contacts with neighboring residues, thereby accounting for its 

favorable binding affinity. As for 28a, however, the larger phenyl linkage had to move away from the 

neighboring residue for obviating the unfavorable contact. Consequently, the H-bond interactions of 

the piperidine group with Asn279 and Glu278 decreased due to the concerted movement of the 

whole molecule, hence weakening the potency.  

 

3. Conclusion 

On the basis of the structures of GSK2141795, we rationally designed and synthesized a series of 

pyrazol-furan carboxamide analogues featuring more restricted conformation. Most of them 

exhibited moderate to excellent Akt1 inhibitory activities, as well as preferable anti-proliferative 

efficacy against HCT116 and OVCAR-8 cell lines. Besides, kinase selectivity assay of the 

representative 25e illustrated that it is also potent against the several structurally related AGC kinases, 

but was specific over kinases from other subfamilies. In addition, Western blot analysis indicated 

that 25e could markedly suppress the phosphorylation level of Akt substrate GSK3β in PC-3 cell. 

Moreover, 25e significantly decreased the level of p-PRAS40 with IC50 value of 30.4 nM in LNCAP 

cell, which is much more efficient than AZD5363. Finally, the binding mode between AKT1 with 

compound 25e was proposed by molecular docking. In conclusion, compound 25e was identified as a 

potent pan-Akt inhibitor with vigorous cellular activity, which merited further development as a 

potential anticancer agent. 

 

4. Experimental 

4.1. Chemistry 

Melting points were obtained on a B-540 Büchi melting-point apparatus and are uncorrected. 1H 

NMR spectra were recorded on a 500 MHz, 13C NMR were recorded on a 125 MHz spectrometer, 

respectively (chemical shifts are given in ppm (δ) relative to TMS as internal standard, coupling 

constants (J) are in hertz (Hz), and signals are designated as follows: s, singlet; d, doublet; t, triplet; 

m, multiplet; br s, broad singlet, etc.). Mass spectral data were obtained on an Esquire-LC-00075 
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spectrometer. High resolution mass spectra were measured on an Agilent 1290 HPLC-6224 Time of 

Fight Mass Spectrometer. 

4.1.1 4-(1-Methyl-1H-pyrazol-5-yl)thiophene-2-carbaldehyde 2 

To a solution of 4-bromothiophene-2-carbaldehyde 1 (3.82 g, 20 mmol) in 1,4-dioxane/H2O (v/v = 

3/1, 60 mL) was added K2CO3 (5.52 g, 40 mmol) and 

1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (5.0 g, 24 mmol), followed by 

tetrakistriphenylphosphane Pd (0) (1.16 g, 5 mol %). The reaction mixture was heated at reflux under 

nitrogen for 6 h. After cooling to r.t., the reaction solution was poured into H2O (50 mL) and 

extracted with ethyl acetate (15 mL × 3). The combined organic layers were dried over Na2SO4, 

concentrated under vacuum and purified on silica gel to afford the title compound 2 as a pale yellow 

solid (3.11 g, 81%), mp: 70-72 °C. 

1H NMR (500 MHz, CDCl3) δ 9.98 (d, J = 1.1 Hz, 1H), 7.85 (d, J = 1.1 Hz, 1H), 7.77 (s, 1H), 7.53 

(d, J = 1.9 Hz, 1H), 6.39 (d, J = 1.9 Hz, 1H), 3.97 (s, 3H). ESI-MS: m/z = 193 [M + 1] +. 

4.1.2 General procedure for preparation of compound 3a and 3b 

A mixture of 2 (960 mg, 5 mmol) and NCS or NBS in dry THF (15 mL) was stirred at r.t. for 3 h. 

The reaction mixture was concentrated and the crude residue was extracted with ethyl acetate and 

washed with saturated aqueous Na2CO3. The organic layer was further washed with brine, dried over 

anhydrous Na2SO4, and then concentrated, recrystallized from ethyl acetate to give the title 

compound.  

4.1.2.1 4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)thiophene-2-carbaldehyde 3a  

Reagent: NCS (798 mg, 6 mmol). The product was obtained as an off-white solid (1.0 g, 90%), mp: 

98-100 °C. 1H NMR (500 MHz, CDCl3) δ 10.01 (d, J = 1.1 Hz, 1H), 7.92 (d, J = 1.1 Hz, 1H), 7.90 (s, 

1H), 7.52 (s, 1H), 3.91 (s, 3H). ESI-MS (m/z): 227 [M + 1]+.  

4.1.2.2 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)thiophene-2-carbaldehyde 3b 

Reagent: NBS (980 mg, 5.5 mmol). The product was obtained as a yellow solid (1.23 g, 92%), mp: 

92-95 °C. 1H NMR (500 MHz, CDCl3) δ 10.00 (s, 1H), 7.91 (s, 1H), 7.90 (s, 1H), 7.54 (s, 1H), 3.90 

(s, 3H). ESI-MS (m/z): 271 [M + 1]+. 

5.1.3 General procedure for synthesis of compounds 4a-4c 

To a solution of aldehyde in acetone (30 mL) at 0 °C was added potassium permanganate (380 mg, 

2.4mmol) in one portion. The mixture was stirred at r.t. for 3 h, then the potassium salts were filtered 
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off and the filtrate was concentrated and purified on silica gel to give the title compounds. 

4.1.3.1 4-(1-Methyl-1H-pyrazol-5-yl)thiophene-2-carboxylic acid 4a 

Reagent: 2 (385 mg, 2 mmol). The product was obtained as a white solid (345 mg, 83%). 1H NMR 

(500 MHz, DMSO) δ 13.27 (s, 1H), 8.10 (d, J=1.4 Hz, 1H), 7.93 (d, J=1.4 Hz, 1H), 7.43 (d, J=1.8 

Hz, 1H), 6.54 (d, J=1.8 Hz, 1H), 3.92 (s, 3H). ESI-MS (m/z): 207 [M − H]−. 

4.1.3.2 4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)thiophene-2-carboxylic acid 4b 

Reagent: 3a (452 mg, 2 mmol). The product was obtained as a white solid (411 mg, 85%). 1H 

NMR (500 MHz, DMSO) δ 13.35 (s, 1H), 8.20 (d, J = 1.5 Hz, 1H), 7.93 (d, J = 1.5 Hz, 1H), 7.64 (s, 

1H), 3.84 (s, 3H). ESI-MS (m/z): 241 [M − H]−. 

4.1.3.3 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)thiophene-2-carboxylic acid 4c 

Reagent: 3b (540 mg, 2 mmol). The product was obtained as a white solid (510 mg, 89%). 1H 

NMR (500 MHz, DMSO) δ 13.37 (s, 1H), 8.19 (d, J =1.5Hz, 1H), 7.92 (d, J =1.5Hz, 1H), 7.64 (s, 

1H), 3.84 (s, 3H). ESI-MS (m/z): 285 [M − H]−. 

4.1.4 General procedure of Suzuki coupling for compounds 12a, 12b, 15 and 18 

Tetrakistriphenylphosphane Pd (0) (580 mg, 5 mol %) was added to a stirred suspension of 

1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (2.5 g, 12 mmol), 

K3PO4·3H2O (4.8 g, 18 mmol) and the corresponding bromide in DMF (100 mL) at 0 °C under 

nitrogen. The reaction mixture was heated at 80-120 °C for 8 h, then poured into H2O (100 mL) and 

extracted with ethyl acetate (45 mL × 3). The combined organic layers were washed with brine (50 

mL × 2), dried over Na2SO4, and concentrated under vacuum to afford an off-white semisolid. The 

crude product was purified by flash silica chromatography to obtain the title compound. 

4.1.4.1 Methyl 4-(1-methyl-1H-pyrazol-5-yl)furan-2-carboxylate 12a 

Reagent: methyl 4-bromofuran-2-carboxylate 11a (2.05 g, 10 mmol, Supporting Information). 

The product was obtained as a white solid (1.63 g, 79%). 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 

0.8 Hz, 1H), 7.48 (d, J = 1.9 Hz, 1H), 7.31 (d, J = 0.8 Hz, 1H), 6.34 (d, J = 1.9 Hz, 1H), 3.94 (s, 3H), 

3.93 (s, 3H). ESI-MS (m/z): 207 [M + 1]+. 

4.1.4.2 Methyl 1-methyl-4-(1-methyl-1H-pyrazol-5-yl)-1H-pyrrole-2-carboxylate 12b 

Reagent: methyl 4-bromo-1-methyl-1H-pyrrole-2-carboxylate 11b (2.18 g, 10 mmol, Supporting 

Information). The product was obtained as a white solid (1.49 g, 68%).1H NMR (500 MHz, CDCl3) δ 

7.45 (d, J = 1.8 Hz, 1H), 7.04 (d, J = 2.0 Hz, 1H), 6.94 (d, J = 2.0 Hz, 1H), 6.23 (d, J = 1.8 Hz, 1H), 
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3.98 (s, 3H), 3.94 (s, 3H), 3.85 (s, 3H). ESI-MS (m/z): 220 [M + 1]+. 

4.1.4.3 Methyl 4-bromo-5-(1-methyl-1H-pyrazol-5-yl)furan-2-carboxylate 15 

Reagent: methyl 4,5-dibromofuran-2-carboxylate 14 (2.84 g, 10 mmol). The product was obtained 

as a white solid (2.36 g, 83%). 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 2.1 Hz, 1H), 7.29 (s, 1H), 

6.92 (d, J = 2.1 Hz, 1H), 4.14 (s, 3H), 3.92 (s, 3H). ESI-MS (m/z): 285 [M + 1]+. 

4.1.4.4 Methyl 4-(1-methyl-1H-pyrazol-5-yl)benzoate 18 

Reagent: methyl 4-bromobenzoate 17 (2.15 g, 10 mmol). The product was obtained as a white 

solid (2.05 g, 95%). 1H NMR (500 MHz, CDCl3) δ 8.12 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 1.9 Hz, 1H), 

7.51 (d, J = 8.3 Hz, 2H), 6.38 (d, J = 1.9 Hz, 1H), 3.95 (s, 3H), 3.93 (s, 3H). ESI-MS (m/z): 217 [M + 

1]+. 

4.1.5 General procedure for preparation of compounds 13a-f, 16a-c, 19a and 19b 

To a solution of the above methyl carboxylate (5 mmol) in dry THF/DMF at 0 °C was added NCS 

or NBS (6−20 mmol) in one portion. The reaction mixture was stirred at r.t.−80 °C for 0.5–6 h, then 

was diluted with ethyl acetate and washed with saturated aqueous NaHCO3. The organic layer was 

further washed well with brine, concentrated under vacuum to afford the halogenated product, which 

was subsequently dissolved in THF, and sodium hydroxide aqueous solution (2 N, 10 mL) was 

added. The mixture was allowed to stir at r.t. for 3–10 h, then the solvent was removed and the 

resulting crude mixture was dissolved in 20 mL of water and acidified with concentrated 

hydrochloric acid until pH 1, and extracted with ethyl acetate (10 mL × 3), the combined organic 

layers was further washed with brine, dried over anhydrous Na2SO4, and then concentrated to 

dryness to yield the title acid. 

4.1.5.1 4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 13a 

Reagent: 12a (1.03 g, 5 mmol) and NCS (800 mg, 6 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (788 mg, 70%). 1H NMR (500 MHz, DMSO) δ 13.48 (s, 1H), 8.38 (s, 1H), 

7.64 (s, 1H), 7.58 (s, 1H), 3.87 (s, 3H). ESI-MS (m/z): 225 [M − H]−. 

4.1.5.2 5-Chloro-4-(4-chloro-1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 13b 

Reagent: 12a (1.03 g, 5 mmol) and NCS (2.67 g, 20 mmol), 80 °C, THF/DMF (v/v = 1/1, 20 mL). 

The product was obtained as a white solid (820 mg, 63%). 1H NMR (500 MHz, DMSO) δ 13.75 (s, 

1H), 7.70 (s, 1H), 7.69 (s, 1H), 3.77 (s, 3H). ESI-MS (m/z): 259 [M − H]−. 

4.1.5.3 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 13c 
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Reagent: 12a (1.03 g, 5 mmol) and NBS (1.07 g, 6 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (1.11 g, 82%). 1H NMR (500 MHz, DMSO) δ 12.16 (s, 1H), 8.36 (s, 1H), 

7.65 (s, 1H), 7.58 (s, 1H), 3.87 (s, 3H). ESI-MS (m/z): 269 [M − H]−. 

4.1.5.4 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-1-methyl-1H-pyrrole-2-carboxylic acid 13d 

Reagent: 12b (1.10 g, 5 mmol) and NBS (908 mg, 5.1 mmol), r.t., THF (15 mL). The product was 

obtained as an off-white solid (1.03 g, 73%). 1H NMR (500 MHz, CDCl3) δ 7.51 (s, 1H), 7.24 (d, J = 

1.6 Hz, 1H), 7.17 (d, J = 1.6 Hz, 1H), 4.02 (s, 3H), 3.92 (s, 3H). ESI-MS (m/z): 282 [M − H]−. 

4.1.5.5 5-Bromo-4-(4-bromo-1-methyl-1H-pyrazol-5-yl)-1-methyl-1H-pyrrole-2-carb- oxylic acid 

13e 

Reagent: 12b (1.10 g, 5 mmol) and NBS (1.96 g, 11 mmol), 40 °C, THF (20 mL). The product 

was obtained as an off-white solid (1.21 g, 67%). 1H NMR (500 MHz, CDCl3) δ 7.57 (s, 1H), 7.19 (s, 

1H), 4.05 (s, 3H), 3.78 (s, 3H). ESI-MS (m/z): 362 [M − H]−. 

4.1.5.6 3,5-Dichloro-4-(4-chloro-1-methyl-1H-pyrazol-5-yl)-1-methyl-1H-pyrrole-2- carboxylic acid 

13f 

Reagent: 12b (1.10 g, 5 mmol) and NCS (2.13 g, 16 mmol), 70 °C, THF/DMF (v/v = 2/1, 20 mL). 

The product was obtained as an off-white solid (982 mg, 64%). 1H NMR (500 MHz, DMSO) δ 12.92 

(s, 1H), 7.70 (s, 1H), 3.92 (s, 3H), 3.67 (s, 3H). ESI-MS (m/z): 306 [M − H]−. 

4.1.5.7 4-Bromo-5-(1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 16a 

Reagent: 15 (1.42 g, 5 mmol), treated with sodium hydroxide aqueous solution directly. The 

product was obtained as a white solid (1.28 g, 95%). 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 2.3 

Hz, 1H), 7.41 (s, 1H), 6.97 (s, 1H), 6.68 (d, J = 2.3 Hz, 1H), 4.17 (s, 3H). ESI-MS (m/z): 269 [M − 

H]−. 

4.1.5.8 4-Bromo-5-(4-chloro-1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 16b 

Reagent: 15 (1.42 g, 5 mmol), and NCS (800 mg, 6 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (1.35 g, 89%). 1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 7.45 (s, 1H), 

3.89 (s, 3H). ESI-MS (m/z): 305 [M − H]−. 

4.1.5.9 4-Bromo-5-(4-bromo-1-methyl-1H-pyrazol-5-yl)furan-2-carboxylic acid 16c 

Reagent: 15 (1.42 g, 5 mmol), and NBS (908 mg, 5.1 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (1.53 g, 88%). 1H NMR (500 MHz, CDCl3) δ 7.59 (s, 1H), 7.46 (s, 1H), 

3.90 (s, 3H). ESI-MS (m/z): 349 [M − H]−. 
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4.1.5.10 4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)benzoic acid 19a 

Reagent: 18 (1.08 g, 5 mmol), and NCS (800 mg, 6 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (1.07 g, 91%). 1H NMR (500 MHz, DMSO) δ 8.11 – 8.08 (m, 2H), 7.70 (s, 

1H), 7.68 – 7.64 (m, 2H), 3.80 (s, 3H). ESI-MS (m/z): 235 [M − H]−. 

4.1.5.11 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)benzoic acid 19b 

Reagent: 18 (1.08 g, 5 mmol), and NBS (908 mg, 5.1 mmol), r.t., THF (15 mL). The product was 

obtained as a white solid (1.17 g, 84%). 1H NMR (500 MHz, CDCl3) δ 8.26 (d, J = 8.3 Hz, 2H), 7.59 

(s, 1H), 7.56 (d, J = 8.3 Hz, 2H), 3.87 (s, 3H). ESI-MS (m/z): 279 [M − H]−. 

4.1.6 General procedure for preparation of compound 21a and 21b  

To a well stirred suspension of tetrabutylammonium hydrogen sulfate (0.34 g, 1 mmol), 

N,N-Bis(2-chloroethyl)benzylamine hydrochloride (2.69 g, 10 mmol), and 2-arylacetonitrile in 

toluene (10 mL) was added dropwise 5 g of 50% (w/w) aqueous NaOH solution. The reaction 

mixture was heated at 85 °C for 4 h, then poured into ice-water (30 mL) and extracted with ethyl 

ether (15 mL × 3). The combined organic layers were dried over Na2SO4, concentrated under 

vacuum, and the crude product was purified by flash silica chromatography to obtain the title 

compound. 

4.1.6.1 1-Benzyl-4-(4-fluorophenyl)piperidine-4-carbonitrile 21a 

Reagent: 2-(4-fluorophenyl)acetonitrile 20a (1.35g, 10 mmol). The product was obtained as a 

yellow oil (2.06 g, 70%). 1H NMR (500 MHz, CDCl3) δ 7.51 – 7.44 (m, 2H), 7.34 (m, 4H), 7.28 (m, 

1H), 7.11 – 7.05 (m, 2H), 3.61 (s, 2H), 3.01 (d, J = 12.2 Hz, 2H), 2.56 – 2.48 (m, 2H), 2.10 (t, J = 9.5 

Hz, 4H). ESI-MS (m/z): 295 [M+1]+. 

4.1.6.2 1-Benzyl-4-(3,4-dichlorophenyl)piperidine-4-carbonitrile 21b 

Reagent: 2-(3,4-dichlorophenyl)acetonitrile 20b (1.85g, 10 mmol). The product was obtained as a 

yellow oil (2.23 g, 65%). 1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 2.3 Hz, 1H), 7.48 – 7.46 (m, 

1H), 7.37 – 7.32 (m, 5H), 7.31 – 7.26 (m, 1H), 3.60 (s, 2H), 3.01 (d, J = 12.5 Hz, 2H), 2.56 – 2.42 (m, 

2H), 2.09 – 2.05 (m, 4H). ESI-MS (m/z): 345 [M+1]+.  

4.1.7 General procedure for preparation of compound 22a and 22b 

To a suspension of 21 in 1,2-ethanediol (20 mL) was add KOH (5.6g, 100 mmol), and the mixture 

was allowed to stir at 180°C for 20 h. After cooling to room temperature, the solution was poured 

into ice-water (100 mL), and washed with ethyl ether (50 mL × 2), then acidified with concentrated 
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hydrochloric acid until pH 5. The precipitate was filtrated, rinsed with cooled ethyl ether and dried to 

afford the title compound. 

4.1.7.1 1-Benzyl-4-(4-fluorophenyl)piperidine-4-carboxylic acid 22a  

Reagent: 21a (2.95g, 10 mmol). 1H NMR (500 MHz, DMSO) δ 7.41 (dd, J = 8.9, 5.4 Hz, 2H), 

7.34 – 7.26 (m, 4H), 7.24 (dd, J = 10.7, 4.2 Hz, 1H), 7.16 (t, J = 8.9 Hz, 2H), 3.44 (s, 2H), 2.70 (d, J 

= 9.6 Hz, 2H), 2.40 (d, J = 12.8 Hz, 2H), 2.14 (t, J = 10.9 Hz, 2H), 1.78 (t, J = 10.6 Hz, 2H). The 

product was obtained as a white solid (2.23 g, 71%). ESI-MS (m/z): 314 [M+1]+.  

4.1.7.2 1-Benzyl-4-(3,4-dichlorophenyl)piperidine-4-carboxylic acid 22b  

Reagent: 21b (3.44g, 10 mmol). The product was obtained as an off-white solid (2.72 g, 75%). 1H 

NMR (500 MHz, CDCl3) δ 7.59 (d, J = 2.3 Hz, 1H), 7.48 – 7.45 (m, 1H), 7.38 – 7.31 (m, 5H), 7.31 – 

7.25 (m, 1H), 3.60 (s, 2H), 3.01 (m , 2H), 2.57 – 2.45 (m, 2H), 2.11 – 2.05 (m, 4H). ESI-MS (m/z): 

364 [M+1]+.  

4.1.8 General procedure for preparation of compounds 23a,b 

To a solution of 22 in anhydrous toluene (15 mL) was added triethylamine (0.28 mL, 2.0 mmol), 

followed by the addition of diphenyl phosphoryl azide (0.32 mL, 1.5 mmol). The mixture was stirred 

at room temperature under nitrogen for 1 hour and then heated at 90 °C for 3 h. After cooling down 

to room temperature, the solution was poured into a hydrochloric aqueous solution (6 N, 20 mL), and 

the resulting mixture was heated at reflux for 3h. The solvent was concentrated and the residue was 

dissolved in a saturated solution of NaHCO3 in water (20 mL), and extracted with ethyl acetate (10 

mL × 3). The combined organic layers were dried over Na2SO4, concentrated under vacuum and 

purified on silica gel to afford the title amine. 

4.1.8.1 1-Benzyl-4-(4-fluorophenyl)piperidin-4-amine 23a  

Reagent: 22a (313 mg, 1.0 mmol). The product was obtained as a yellow solid (207 mg, 73%). 1H 

NMR (500 MHz, DMSO) δ 7.58 – 7.53 (m, 2H), 7.30 (dd, J = 8.7, 4.2 Hz, 4H), 7.23 (dt, J = 5.6, 4.2 

Hz, 1H), 7.12 – 7.06 (m, 2H), 3.48 (s, 2H), 3.35 (s, 2H), 2.48 – 2.44 (m, 2H), 1.96 – 1.89 (m, 2H), 

1.72 (s, 2H), 1.54 (d, J = 12.2 Hz, 2H). ESI-MS (m/z): 285 [M+1]+.  

4.1.8.2 1-Benzyl-4-(3,4-dichlorophenyl)piperidin-4-amine 23b  

Reagent: 22b (364 mg, 1.0 mmol). The product was obtained as a pale yellow solid (227 mg, 

68%). ESI-MS (m/z): 335 [M+1]+. 

4.1.9 General procedure for synthesis of the target compounds 24a-d, 25a-e, 26a-c, 27a-c, and 
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28a,b. 

To a solution of carboxylic acid, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

(77 mg, 0.4 mmol) and 1-hydroxybenzotriazole (54 mg, 0.4 mmol) in DCM (5 mL) at 0 °C was 

added triethylamine (0.11 mL, 0.6 mmol), followed by the addition of corresponding amine. The 

mixture was stirred at r.t. overnight, and then partitioned between ethyl acetate (20 mL) and brine 

(15 mL × 3). The organics were dried over Na2SO4, concentrated under vacuum. The resulting white 

solid was dissolved in 1,2-dichloroethane (5 mL) and 1-chloroethyl chloroformate (43 mg, 0.3 mmol) 

was added. The resulting mixture was stirred at r.t. for 3 h, evaporated in vacuo, and then treated 

with methanol (3 mL) at reflux for 1 h. After cooling to r.t., the mixture was basified with saturated 

aqueous NaHCO3 (10 mL) and extracted with ethyl acetate (5 mL × 3). The combined organic layers 

was further washed well with brine, dried over Na2SO4, concentrated under vacuum and purified on 

silica gel to afford the title compound. 

4.1.9.1 N-(4-(4-fluorophenyl)piperidin-4-yl)-4-(1-methyl-1H-pyrazol-5-yl)thiophene-2-carboxamide 

24a 

Reagent: 4a (42 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as a white 

solid (44 mg, 57%), mp: 159-161 °C. 1H NMR (500 MHz, CDCl3) δ 7.64 (s, 1H), 7.49 (d, J = 1.6 Hz, 

1H), 7.47 (s, 1H), 7.45 – 7.40 (m, 2H), 7.03 (t, J = 8.6 Hz, 2H), 6.35 (d, J = 1.6 Hz, 1H), 6.31 (s, 1H), 

3.94 (s, 3H), 3.11 – 2.98 (m, 4H), 2.51 (d, J = 13.4 Hz, 2H), 2.16 – 2.09 (m, 2H). ESI-MS (m/z): 385 

[M+1]+. HRMS (ESI): m/z calcd for (C20H21FN4OS+H)+: 385.1493; found: 385.1507. 

4.1.9.2 

4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(4-fluorophenyl)piperidin-4-yl)-thiophene-2-carboxami

de 24b 

Reagent: 4b (49 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as a white 

solid (55 mg, 66%), mp: 170-172 °C. 1H NMR (500 MHz, CDCl3) δ 7.69 (d, J = 1.4 Hz, 1H), 7.60 (d, 

J = 1.4 Hz, 1H), 7.49 (s, 1H), 7.46 – 7.41 (m, 2H), 6.32 (s, 1H), 3.86 (d, J = 5.8 Hz, 3H), 3.09 – 2.99 

(m, 4H), 2.52 (d, J = 13.0 Hz, 2H), 2.19 – 2.10 (m, 2H). ESI-MS (m/z): 419 [M+1]+.  

4.1.9.3 

4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(4-fluorophenyl)piperidin-4-yl)-thiophene-2-carboxami

de 24c 

Reagent: 4c (57 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as a white 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

solid (55 mg, 47%), mp: 170-172 °C. 1H NMR (500 MHz, CDCl3) δ 7.70 (d, J = 1.2 Hz, 1H), 7.60 (d, 

J = 1.2 Hz, 1H), 7.52 (s, 1H), 7.46 – 7.41 (m, 2H), 7.05 – 7.00 (m, 2H), 6.35 (s, 1H), 3.87 (s, 3H), 

3.12 – 2.99 (m, 4H), 2.53 (d, J = 13.1 Hz, 2H), 2.20 – 2.11 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 

161.90 (d, JC-F = 245.0 Hz), 161.79, 140.55, 139.21, 136.23, 131.78, 129.34, 128.73, 128.59, 127.02 

(d, JC-F = 7.3 Hz), 115.67 (d, JC-F = 23.8 Hz), 94.00, 55.77, 40.82, 38.90, 32.10. ESI-MS (m/z): 463 

[M+1]+.  

4.1.9.4 

N-(4-(3,4-dichlorophenyl)piperidin-4-yl)-4-(1-methyl-1H-pyrazol-5-yl)thiophene-2-carboxamide 24d 

Reagent: 4a (42 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (44 mg, 74%), mp: 208-210 °C. 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 1.4 Hz, 1H), 7.53 (d, 

J = 2.3 Hz, 1H), 7.49 (m, 2H), 7.42 – 7.39 (m, 1H), 7.31 (dd, J = 8.5, 2.3 Hz, 1H), 6.34 (d, J = 1.9 

Hz, 1H), 6.29 (s, 1H), 3.93 (s, 3H), 3.06 (dd, J = 9.3, 3.4 Hz, 2H), 3.01 – 2.94 (m, 2H), 2.44 (d, J = 

12.6 Hz, 2H), 2.10 – 2.03 (m, 2H). ESI-MS (m/z): 435 [M+1]+. HRMS (ESI): m/z calcd for 

(C20H20Cl2N4OS+H)+: 435.0808; found: 435.0818. 

4.1.9.5 

4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(4-fluorophenyl)piperidin-4-yl)-furan-2-carboxamide 

25a 

Reagent: 13a (45 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as an 

off-white solid (39 mg, 49%), mp: 144-145 °C. 1H NMR (500 MHz, CDCl3) δ 7.79 (s, 1H), 7.47 (s, 

1H), 7.44 (dd, J = 8.5, 5.3 Hz, 2H), 7.26 (s, 1H), 7.03 (t, J = 8.6 Hz, 2H), 6.61 (s, 1H), 3.88 (s, 3H), 

3.11 – 2.97 (m, 4H), 2.51 (d, J = 13.4 Hz, 2H), 2.12 (dd, J = 17.7, 7.2 Hz, 2H). ESI-MS (m/z): 403 

[M+1]+. 

4.1.9.6 

4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(4-fluorophenyl)piperidin-4-yl)-furan-2-carboxamide 

25b 

Reagent: 13c (57 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as an 

off-white solid (56 mg, 63%), mp: 193-194 °C. 1H NMR (500 MHz, CDCl3) δ 7.79 (s, 1H), 7.51 (s, 

1H), 7.45 (dd, J = 8.8, 5.2 Hz, 2H), 7.24 (s, 1H), 7.04 (t, J = 8.7 Hz, 2H), 6.59 (s, 1H), 3.88 (s, 3H), 

3.12 – 2.98 (m, 4H), 2.51 (d, J = 13.0 Hz, 2H), 2.17 – 2.10 (m, 2H). ESI-MS (m/z): 447 [M+1]+.  

4.1.9.7 
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4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)furan-2-carboxamid

e 25c 

Reagent: 13c (57 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a 

yellow solid (73 mg, 74%), mp: 201-203 °C. 1H NMR (500 MHz, CDCl3) δ 7.81 (s, 1H), 7.54 (d, J = 

2.2 Hz, 1H), 7.51 (s, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.32 (dd, J = 8.4, 2.3 Hz, 2H), 6.63 (s, 1H), 3.89 

(s, 3H), 3.09 (d, J = 12.7 Hz, 2H), 3.01 (t, J = 11.3 Hz, 2H), 2.47 (d, J = 12.9 Hz, 2H), 2.13 – 2.05 (m, 

2H). 13C NMR (125 MHz, CDCl3) δ 157.60, 147.67, 143.06, 139.48, 133.02, 132.13, 130.85, 130.48, 

127.39, 124.73, 115.92, 115.37, 114.58, 94.11, 55.34, 40.47, 38.81, 32.11. ESI-MS (m/z): 497 

[M+1]+.  

4.1.9.8 

5-Chloro-4-(4-chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(4-fluorophenyl)piperidin-4-yl)furan-2-carbo

xamide 25d 

Reagent: 13b (52 mg, 0.2 mmol) and 23a (57 mg, 0.2 mmol). The product was obtained as a white 

solid (52 mg, 60%), mp: 170-172 °C. 1H NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.47 – 7.42 (m, 

2H), 7.13 (s, 1H), 7.07 – 7.01 (m, 2H), 6.47 (s, 1H), 3.79 (s, 3H), 3.10 (dd, J = 9.1, 3.6 Hz, 2H), 3.06 

– 3.00 (m, 2H), 2.52 (d, J = 12.9 Hz, 2H), 2.19 – 2.12 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 

162.19 (d, JC-F = 247.9 Hz), 156.42, 146.46, 138.40, 137.42, 129.01 (d, JC-F = 9.9 Hz), 126.97, 

126.90, 118.14, 115.88 (d, JC-F = 21.5 Hz), 111.60 111.17, 55.79, 40.47, 38.46, 32.49. ESI-MS (m/z): 

437 [M+1]+. 

4.1.9.9 

5-Chloro-4-(4-chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)-piperidin-4-yl)furan-2-c

arboxamide 25e 

Reagent: 13b (52 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (69 mg, 71%), mp: 130-133 °C. 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.50 (s, 1H), 7.43 

(d, J = 8.4 Hz, 1H), 7.35 – 7.28 (m, 2H), 6.92 (s, 1H), 3.80 (s, 3H), 3.38 (t, J = 11.1 Hz, 2H), 3.28 (t, 

J = 11.9 Hz, 2H), 2.79 (d, J = 13.9 Hz, 2H), 2.48 (t, J = 11.5 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 

156.35, 146.53, 143.66, 138.49, 137.39, 133.00, 132.01, 130.77, 129.01, 127.45, 124.75, 118.10, 

111.47, 111.14, 55.72, 40.76, 38.44, 32.87. ESI-MS (m/z): 489 [M+1]+. HRMS (ESI): m/z calcd for 

(C20H18Cl4N4O2+H)+: 489.0227; found: 489.0239. 

4.1.9.10 
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4-Bromo-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)-5-(1-methyl-1H-pyrazol-5-yl)furan-2-carboxamid

e 26a 

Reagent: 16a (54 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as an 

off-white solid (76 mg, 77%), mp: 118-120 °C. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 2.0 Hz, 

1H), 7.50 (d, J = 2.2 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.30 – 7.26 (m, 2H), 6.82 (s, 1H), 6.78 (d, J = 

2.0 Hz, 1H), 4.05 (s, 3H), 3.15 (d, J = 12.8 Hz, 2H), 3.03 (dd, J = 17.8, 10.1 Hz, 2H), 2.55 (d, J = 

13.3 Hz, 2H), 2.21 – 2.12 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 156.32, 147.15, 145.16, 143.21, 

138.74, 132.74, 131.38, 130.54, 130.37, 127.47, 124.73, 119.14, 108.76, 101.66, 56.30, 41.84, 38.92, 

35.05. ESI-MS (m/z): 497 [M+1]+.  

4.1.9.11 

4-Bromo-5-(4-chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)-piperidin-4-yl)furan-2-c

arboxamide 26b 

Reagent: 16b (61 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (74 mg, 70%), mp: 109-112 °C. 1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 7.50 (d, J = 2.2 Hz, 

1H), 7.44 (d, J = 8.5 Hz, 1H), 7.33 – 7.27 (m, 2H), 6.66 (s, 1H), 3.90 (s, 3H), 3.40 – 3.30 (m, 2H), 

3.20 (t, J = 12.6 Hz, 2H), 2.72 (d, J = 14.2 Hz, 2H), 2.49 (m, 2H). ESI-MS (m/z): 533 [M+1]+. 

HRMS (ESI): m/z calcd for (C20H18BrCl3N4O2 +H)+: 532.9731; found: 532.9741.  

4.1.9.12 

4-Bromo-5-(4-bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)-piperidin-4-yl)furan-2-c

arboxamide 26c 

Reagent: 16c (70 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a 

pale-yellow solid (93 mg, 81%), mp: 127-130 °C. 1H NMR (500 MHz, CDCl3) δ 7.58 (s, 1H), 7.50 

(d, J = 2.1 Hz, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.31 – 7.27 (m, 2H), 6.72 (s, 1H), 3.91 (s, 3H), 3.28 – 

3.21 (m, 2H), 3.17 – 3.09 (m, 2H), 2.63 (d, J = 13.9 Hz, 2H), 2.35 (t, J = 11.6 Hz, 2H). ESI-MS (m/z): 

577 [M+1]+. HRMS (ESI): m/z calcd for (C20H18Br2Cl2N4O2 +H)+: 576.9226; found: 576.9235. 

4.1.9.13 

4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)-1-methyl-1H-pyrrol

e-2-carboxamide 27a 

Reagent: 13d (57 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as an 

off-white solid (48 mg, 47%), mp: 178-181 °C. 1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 2.2 Hz, 
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1H), 7.48 (s, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.30 (dd, J = 8.5, 2.3 Hz, 1H), 6.98 (s, 1H), 6.91 (s, 1H), 

6.34 (s, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.22 – 3.05 (m, 4H), 2.53 (m, 2H), 2.24 (m, 2H). ESI-MS 

(m/z): 510 [M+1]+. 

4.1.9.14 

5-Bromo-4-(4-bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)-1-methyl-

1H-pyrrole-2-carboxamide 27b 

Reagent: 13e (72 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a 

yellow solid (45 mg, 38%), mp: 149-151 °C. 1H NMR (500 MHz, CDCl3) δ 7.53 – 7.49 (m, 2H), 

7.41 (dd, J = 8.4, 4.2 Hz, 1H), 7.29 (dd, J = 8.4, 2.3 Hz, 1H), 6.88 (s, 1H), 6.43 (s, 1H), 3.90 (s, 3H), 

3.77 (s, 3H), 3.15 (d, J = 12.7 Hz, 2H), 3.06 (dd, J = 22.0, 10.4 Hz, 2H), 2.51 (d, J = 13.4 Hz, 2H), 

2.21 – 2.12 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 160.11, 145.66, 139.06, 135.11, 132.77, 131.23, 

130.57, 127.90, 127.37, 124.56, 113.55, 112.71, 110.79, 95.38, 56.12, 41.77, 38.32, 35.26, 35.07. 

ESI-MS (m/z): 590 [M+1]+.  

4.1.9.15 

3,5-Dichloro-4-(4-chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)-1-met

hyl-1H-pyrrole-2-carboxamide 27c 

Reagent: 13f (61 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (71 mg, 66%), mp: 131-134 °C. 1H NMR (500 MHz, CDCl3) δ 7.56 – 7.50 (m, 2H), 7.43 (d, J = 

8.5 Hz, 1H), 7.31 (dd, J = 8.5, 2.1 Hz, 1H), 6.91 (s, 1H), 3.85 (s, 3H), 3.76 (s, 3H), 3.17 – 2.98 (m, 

4H), 2.50 – 2.36 (m, 2H), 2.18 – 2.00 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 158.35, 145.98, 

137.15, 132.75, 131.06, 130.55, 129.79, 127.41, 124.56, 123.55, 122.81, 113.93, 111.99, 106.87, 

56.90, 41.87, 38.11, 35.92, 34.45. ESI-MS (m/z): 536 [M+1]+.  

4.1.9.16 4-(4-Chloro-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)benzamide 

28a 

Reagent: 19a (47 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (64 mg, 69%), mp: 99-102 °C. 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 8.0 Hz, 2H), 7.51 (d, 

J = 7.8 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.41 – 7.35 (m, 1H), 7.30 (d, J = 7.3 Hz, 1H), 7.20 (s, 1H), 

3.79 (s, 3H), 3.34 – 3.20 (m, 4H), 2.76 (d, J = 13.8 Hz, 2H), 2.36 (m, 2H). 13C NMR (125 MHz, 

CDCl3) δ 166.55, 144.62, 138.32, 137.29, 134.69, 132.84, 13158, 131.47, 130.66, 129.90, 127.69, 

127.41, 124.70, 109.17, 55.87, 41.13, 38.45, 33.38. ESI-MS (m/z): 465 [M+1]+. HRMS (ESI): m/z 
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calcd for (C22H21Cl3N4O +H)+: 465.0824; found: 465.0836. 

4.1.9.17 4-(4-Bromo-1-methyl-1H-pyrazol-5-yl)-N-(4-(3,4-dichlorophenyl)piperidin-4-yl)benzamide 

28b 

Reagent: 19b (56 mg, 0.2 mmol) and 23b (67 mg, 0.2 mmol). The product was obtained as a white 

solid (78 mg, 77%), mp: 148-150 °C. 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.55 (d, 

J = 2.3 Hz, 1H), 7.53 (d, J = 2.3 Hz, 1H), 7.50 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.5 Hz, 1H), 7.31 (dd, 

J = 8.5, 2.3 Hz, 1H), 6.74 (s, 1H), 3.82 (s, 3H), 3.25 – 3.12 (m, 4H), 2.63 (d, J = 13.8 Hz, 2H), 2.32 – 

2.23 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 166.12, 145.05, 140.01, 139.45, 135.00, 132.84, 

132.01, 131.43, 130.60, 130.20, 127.44, 127.42, 124.66, 93.86, 56.12, 41.23, 38.47, 34.39. ESI-MS 

(m/z): 507 [M+1]+.  

 

4.2. Pharmacological assay 

4.2.1 Akt1 assay 

The Akt1 inhibitory activities were determined using the homogeneous time-resolved fluorescence 

(HTRF) KinEASE-STK S1 kit (Cat.#62ST2PEC, Cisbio) according to the manufacturer’s 

instructions. Akt1 kinase was expressed and purified from Escherichia coli system in-house. In short, 

the kinase reactions were carried out in a 384 ProxiPlate with 10 µL reaction volume per well 

containing 0.25 µg/mL Akt1, 1 µM peptide substrate, test compound and 20 µM ATP in assay buffer 

(50 mM HEPES pH 7.5, 0.01% BRIJ-35, 5 mM MgCl2, 1 mM EGTA). After incubation for 1 h at r.t., 

the reaction was stopped by the addition of 5µL Sa-XL665 and 5 µL STK Antibody-Eu(K) in EDTA. 

The plate was sealed and incubated for 1 h at r.t., and the resulting TR-FRET signal was measured on 

Envision-PerkinElmer. The fluorescence emission was measured at 615 nm (cryptate) and 665 nm 

(XL665). An Emission Ratio was calculated (665/615) for each well and the Percent inhibitions were 

expressed as follows: Percent inhibition = (max-sample Ratio)/ (max-min)*100 (“Min” means the 

Ratio of no enzyme control and “max” means the Ratio of DMSO control). Compounds were 

initially tested at a fixed concentration (1 µg/mL), and those displaying more than 50% inhibition 

were further tested for dose–response IC50 values. 

 

4.2.2 Kinase selectivity assay 

   To determine the kinase selectivity of the target compounds, the representative 25e was assayed 
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against a panel of 22 protein kinases at SHANGHAI CHEMPARTNER CO.LTD. All the proteins 

and kinase assay kits were mainly purchased from Carna, Invitrogen or Millipore. Compound 25e 

was tested at concentrations of 0.5 and 10 µM over most kinases, including ABL, ALK, Akt2, Akt3, 

JNK2, JAK2, ROCK1, RSK1, P70S6K, MSK1, SGK, PDK1 and PRKG1, using Mobility shift assay 

with ATP concentration at Km. PI3Kα inhibitory activity was screened by Kinase-Glo Luminescent 

Assay kit  (Promege) with ATP concentration at 25µM. CHK1 and TSSK1 inhibitory activities were 

determined using the Luminescent ADP-Glo assay kit (Promege). In addition, the inhibition of 

mTOR activity was evaluated in a Lance Ultra assay. Moreover, PKA, GSK3β and CDK2/cyclin A 

activities were evaluated at the concentration of 1 µg/mL by Z-LYTE Kinase Assay kits (Invitrogen). 

Like Akt1 assay, the Aurora A and BRAF inhibitory activities of compound 25e were measured by 

the HTRF Kinase Assay kits purchased from Cisbio. The protocols for these assays could be found in 

the manufacturer’s instructions. 

 

4.2.3 Anti-proliferative assay 

All of the prepared target compounds were tested for their anti-proliferative activities in vitro 

against two human cancer cell lines including OVCAR-8 (Ovarian Adenocarcinoma) and HCT116 

(Human Colon Cancer) by sulforhodamin B (SRB) assay. OVCAR-8 and HCT-116 cells were seeded 

into 96-well plates and cultured for 10 h. Subsequently, it was exposed to serial concentrations of 

compound for 72 h. Cells were then washed with PBS and fixed with 10% (w/v) trichloroacetic acid 

at 4 °C for 1 hour. After washing, the cells were stained for 30 min with 0.4% SRB dissolved in 1% 

acetic acid and then washed by 1% acetic acid for 5 times. Finally, the protein-bound dye was 

extracted using 10 mM unbuffered Tris base. The absorbance was obtained at 515 nm on a multiscan 

spectrum (Thermo Fisher). The inhibition rate on cell proliferation of each well was calculated using 

the formula of (A515 control cells - A515 treated cells)/A515 control cells × 100%. Data was 

presented in MS Excel and the curves fitted by Graphpad Prism 5.0. 

 

4.2.4 Western blot assay 

PC-3 prostate cancer cells were exposed to compound 25e at 1uM and 10 uM for 3 h, and were 

then trypsinized and wash once with 2ml PBS. Protein samples were prepared by adding 100 µL 

RIPA lysis buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 
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0.1% SDS) with protease and phosphatase inhibitor (Roche, Cat.#4693124001) onto cells and all cell 

lysate was collected and then centrifuged at 4˚C. The supernatant was collected as protein sample, 

and the total concentration was quantified using BCA kit (Pierce, Cat.#23225) and normalized. 

Subsequently, Proteins were transferred from gel to a nitrocellulose membrane (Life Tech, 

IB301002), and membrane was blocked in SuperBlock blocking buffer (Thermo Fisher, Cat. #37535) 

for 1 h, then in primary antibody dilution overnight at 4˚C (Rabbit anti-pAKT(S473), anti-AKT and 

anti-GSK3β(S9) were purchased from Cell signaling; Rabbit anti-GSK3β and mouse anti-GAPDH 

were purchased from Abcam). After 5×5 minutes washes in TBST buffer (25mM Tris HCL pH7.6, 

150mM NaCl, 0.1% Tween-20), membrane was incubated in diluted secondary antibody for 1 h at 

r.t., and washed in TBST again. Membrane was imaged using LICOR Oddessy system. 

 

4.2.5 ELISA assay 

ELISA plates were prepared by coating with anti-PRAS40 antibody (R&D Systems), and blocked 

with 5% Milk/0.1% Tween-20. LNCaP Cells were seeded at 25,000 cells/96-well overnight and 

treated with DMSO or various concentrations of compounds for 1 h. Subsequently, cells were lysed 

in 20 mM Tris-HCl (pH 8.0), 137 mM NaCl, 2 mM EDTA, 10% glycerol and 1% Triton X-100 and 

lysates transferred to ELISA plates and incubated overnight. The plates were washed and incubated 

with rabbit anti- PRAS40 (pThr246) antibody (R&D Systems) for 1 h. After washing, plates were 

developed using HRP-linked anti-rabbit IgG, and 3,39,5,59-tetramethylbenzidine as substrate. 

Absorption was measured in a microplate spectrophotometer at 450 nm, Dose−response curves were 

generated using the four-parameter logistic model, and 50% inhibitory concentration (IC50) values 

were determined from these curve fits. 

 

4.3. Molecular docking 

Docking analysis was carried out by using C-DOCKER module (Discovery Studio, version 2.5; 

Accelrys, San Diego, CA, USA, 2008) to compare the binding modes between compound 25e and 

28a bound to Akt1. The X-ray crystal structure of Akt1 (PDB ID: 4GV1) was used for the docking 

calculation. After removing the ligand and water molecules, the CHARMm-force field was applied 

to the protein. And the ATP binding pocket was chosen as the active site with a radius set as 8 Å. The 

ligands were generated random conformations using CHARMm-based molecular dynamics (1000 
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steps), and then docked into the defined Akt1 binding site. The other parameters were set as default. 

The final binding conformation of 25e and 28a was determined based on the calculated CDOCKING 

ENERAGE. The most stable binding modes among the top 10 docking poses of 25e and 28a were 

presented in Fig. 6A and 6B, respectively. 
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Figures Caption: 

Figure 1 Structures of representative Akt inhibitors in clinical trials. 

Figure 2 A) The proposed rough binding model for GSK2141795 (or GSK2110183) with Akt1; B) 

Overlay of the energy-minimized conformations of GSK2141795 (pink) and 25e (yellow). 

Figure 3 The design concept based on the strutures of GSK2141795 and AT-7867. 

Figure 4 Effect of Compound 25e on levels of phosphorylated and total Akt and GSK3β in PC-3 

cells. 

Figure 5 Effect of compound 25e (A), AZD5363 (B) and GSK2141795 (C) on inhibiting the 

phosphorylation of PRAS40 in LNCaP cell line, as a direct marker of Akt cell activity. 

Figure 6 Proposed molecular binding modes of compound 25e (A) and 28a (B) at the ATP binding 

site of Akt1 (PDB ID: 4GV1). The coloring is described as follow: Gray, Akt1 kinase domain; Yellow, 

compound 25e; Orange, compound 28a; Red, oxygen atom; Blue, nitrogen atom; Light green, 

chlorine atom. Green dashed lines indicate hydrogen bonds, and all graphical pictures were made 

using Pymol. 

Scheme 1 Reagents and conditions: (a) 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 

-1H-pyrazole, Pd(PPh3)4, K2CO3, 1,4-dioxane-H2O, 80 °C, 6 h, 81%; (b) NBS or NCS, r.t., 3 h, 

90-92% ; (c) KMnO4, acetone, r.t., 3-4 h, 83-89%. 

Scheme 2 Reagents and conditions: (a) 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 

-1H-pyrazole, Pd(PPh3)4, K3PO4·3H2O, DMF, 80-120 °C, 5–10 h, 68-95%; (b) (i) NBS or NCS, 

THF-DMF, r.t.–80 °C, 0.5–6 h, 70–97% ; (ii) NaOH, THF–H2O, r.t., 3–10 h, 89–100% . 

Scheme 3 The synthetic route for the target compounds 24a-d, 25a-e, 26a-c, 27a-c and 28a,b. 

Reagents and conditions: (a) N,N-Bis(2-chloroethyl)benzylamine hydrochloride, 

tetrabutylammonium hydrogen sulfate, 50% NaOH (aq.), toluene, 85°C, 4 h, 65–70%; (b) KOH, 

1,2-ethanediol, 180°C, 20 h, 71–75%; (c) diphenyl phosphoryl azide, Et3N, anhydrous toluene, 90 °C, 

3 h, then 6 N HCl, reflux, 3 h, 68–73%; (d) (i) 4a-c, 13a-f, 16a-c or 19a,b, EDCI, HOBt, TEA, DCM, 

0 °C-r.t., overnight, 73-87% ; (ii) 1-chloroethyl chloroformate, 1,2-dichloroethane, r.t., 3 h, then 

MeOH, reflux, 1h, 87-99%. 
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Table 1  

The AKT1 inhibitory and in vitro anti-proliferative activities of compounds 24a-d, 

25a-e, 26a-c, 27a-c and 28a,b. 

Compd. 
Akt1inhibitory activity 

IC50
a
, µM 

(inhibition, %)b 

Anti-proliferative activity (IC50, µM) 

OVCAR-8 HCT116 

24a 0.92 14.30 24.82 
24b 0.32 8.19 18.26 
24c 0.36 7.78 17.52 
24d 0.071 1.61 3.92 
25a 0.92 6.46 10.08 
25b 2.02 20.14 18.11 
25c 0.44 3.77 4.00 
25d 0.39 4.81 6.47 
25e 0.061 9.76 7.76 
26a (49.4%) b 6.87 24.77 
26b 1.48 5.95 6.97 
26c (43.5%) b 5.81 16.40 
27a 1.26 2.83 12.87 
27b (30.3%) b 4.70 7.75 
27c 0.85 1.77 9.28 
28a 1.91 5.21 11.88 
28b 1.40 1.96 11.03 

AZD5363 0.034 7.27 5.20 
GSK2141795 0.018 / / 

a All IC50 data are the mean of three experiments. 
b The inhibition rate of Akt1 activities were determined at a concentration of 1 µg/mL. 
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Table 2  
Kinase selectivity profile of 25e in comparison with that of Staurosporine 

Kinase family Kinases 
% inhibition Staurosporine 

( IC50, nM) 10 µM 0.5 µM 

AGC 

Akt1 98.2 a 17.6 
Akt2 / 98.6 16 
Akt3 / 99.1 10 
PKA 90.6 a 8.2 
RSK1 / 88.5 1.2 

P70S6K / 83.5 1.0 
ROCK1 / 94.4 0.68 
PDK1 24.9 3.7 5.2 
SGK 69.2 64.7 14 

MSK1 98.3 88.8 1.4 
PRKG1 87.9 85.6 5.0 
TSSK1 38.5 -3.9 0.33 

TK 
ABL 9.6 -3.0 339 
JAK2 / -4.7 0.31 

TKL 
BRAF 7.2 a 5.03 
ALK 65.9 20.8 7.1 

CAMK CHK1 50.7 1.3 1.2 

Atypical 
PI3Kα 17.8 2.2 8.7b 
mTOR 13.8 / 8.8b 

 
CMGC 

JNK2 55.8 12.7 2270 
CDK2/cyclin A 5.1 a 5.8 

GSK3β 6.6 a 51.6 
Other Aurora A 0.43 a 7.63 

a The inhibition rate was determined at a concentration of 1 µg/mL. 
b IC50 value was determined used PI103 as control. 
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Highlights: 

> A series of novel pyrazol-furan carboxamide analogues were designed, synthesized. 

> Most compounds exhibited moderate to excellent Akt1 inhibitory activities, as well as favorable 

cytotoxicities. 

> Kinase selectivity profile of the representative 25e was investigated. 

> 25e significantly decreased the level of p-PRAS40 with IC50 value of 30.4 nM in LNCaP cell. 

 


