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Chemical Synthesis and Structural Characterization of Intermediates and 

Target Compounds. 
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Reagents and conditions: (a) NaNO2, 6 M HCl, 0 oC; (b) Ethyl 

2-chloro-3-oxobutanoate, NaOAc, EtOH/H2O = 7: 1, 0 oC, 4 h, 92%; (c) 

Pentane-2,4-dione, NaOEt, EtOH, rt, 16 h, 73%; (d) Hydrazine hydrate, EtOH, 110 

oC, 6 h, 88%; (e) Methyl 4-bromobutanoate, NaH, DMF, 0 oC, 4 h, 76%; (f) LiOH, 

THF: MeOH: H2O = 3: 2: 1, 1 h, 90%; (g) Amantadine/1-Adamantanemethylamine, 

HATU, DIPEA, DMF, rt, 4 h, 30-45%.
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Reagents and conditions: (a) HATU, DIPEA, DMF, rt, 10 h, 70-90%; (b) DCM, TFA, 

rt, 1 h, 80-95%; (c) 14, HATU, DIPEA, DMF, rt, 12 h, 40-50%; (d) LiOH, THF: 

MeOH: H2O =1: 1: 1, rt, 2 h, 75-95%; (e) tert-Butyl 4-aminophenethylcarbamate, 

HATU, DIPEA, DMF, rt, 6 h, 80-90%; (f) DCM, TFA, rt, 2 h, 90-95%; (g) 14, 

HATU, DIPEA, DMF, rt, 12 h, 30-35%.
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Scheme S3
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Reagents and conditions: (g) HBTU, DIPEA, DMF, rt, 4 h, 50-60% ; (h) DCM, TFA, 

rt, 1 h, 80-90%; (i) 1-Adamantaneacetic acid, HBTU, DIPEA, DMF, rt, 6 h, 10-80%.
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Scheme S4
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Reagents and conditions: (a) Methyl 7-aminoheptanoate, HATU, DIPEA, DMF, rt, 10 

h ， 90% (b) LiOH, THF: MeOH: H2O = 1: 1: 1, rt, 2 h, 88%; (c) tert-Butyl 

4-aminophenethylcarbamate, HATU, DIPEA, DMF, rt, 6 h, 90%; (d) DCM, TFA, rt, 

2 h, 95%; (e) 10, HATU, DIPEA, DMF, rt, 12 h, 27%

General. Unless otherwise noted, all reagents were obtained from commercial 

suppliers and used without further purification. 1H NMR and 13C NMR spectra were 

recorded on Bruker AVANCE II 300 and AVANCE II 600 spectrometer (Bruker 

Company, Germany), using TMS as an internal standard and DMSO-d6 as solvents. 

Chemical shifts were given in ppm (δ values) and coupling constants were given in 

Hz (J values). The mass spectra were recorded on an Esquire 3000 LC-MS mass 

spectrometer. TLC analysis was executed on silica gel thin-player plates GF254 

(Qingdao Haiyang Chemical, China). Silica gel column chromatography was 
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performed with Silica gel 60 G (Qingdao Haiyang Chemical, China). The compounds 

were purified by HPLC (Agilent Eclipse Plus C18 5 μm, 4.6 mm × 250 mm).

4-(3,4-Dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo-[3,4-d]pyridazin-6-yl)

butanoic Acid (14). Starting from commercially available 4-methylaniline (9), the 

key intermediate 14 was synthesized via five steps according to the reported 

protocols.1 1H-NMR (DMSO-d6, 600 MHz) δ: 12.03 (s, 1H), δ 7.49 (d, J = 8.3 Hz, 

2H), 7.43 (d, J = 8.3 Hz, 2H), 4.08 (t, J = 6.9 Hz, 2H), 2.59 (s, 3H), 2.52 (s, 3H), 2.43 

(s, 3H), 2.27 (t, J = 7.4 Hz, 2H), 1.91-1.96 (m, 2H).

N-((3s,5s,7s)-Adamantan-1-yl)-4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-

pyrazolo[3,4-d]pyridazin-6-yl)butanamidem (15a). Compound 14 (72 mg, 0.21 

mmol), HATU (95 mg, 0.25 mmol), DIPEA (54 mg, 0.42 mmol) and amantadine (35 

mg, 0.23 mmol) were dissolved in DMF (6 mL). The reaction solution was stirred for 

4 h at room temperature. Then, the mixture was poured into water (20 mL) and 

extracted with EtOAc (3 × 10 mL). The combined organic phase was washed with 

water (20 mL) and saturated NaCl solution (10 mL), dried over anhydrous Na2SO4 

and concentrated under the reduced pressure to give crude product, which was further 

purified by silica gel column chromatography (DCM: MeOH = 100: 2) to give 15a 

(34.8 mg, 35% yield) as a white solid. 1H-NMR (DMSO-d6, 600 MHz) δ: 7.50 (d, J = 

8.3 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.28 (s, 1H), 4.05 (t, J = 7.2 Hz, 2H), 2.62 (s, 

3H), 2.54 (s, 3H), 2.45 (s, 3H), 2.07 (t, J = 7.5 Hz, 2H), 2.00 (s, 3H), 1.94–1.85 (m, 
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8H), 1.66–1.58 (m, 6H). 13C NMR (DMSO-d6, 150 MHz) δ: 171.3, 155.6, 141.6, 

141.4, 139.8, 137.9, 136.4, 130.4, 126.2, 117.6, 50.9, 49.1, 41.5, 36.5, 33.9, 29.3, 

25.2, 21.2, 19.9, 12.3. HR-MS m/z Calcd. for C28H36N5O2 [M+H]+ 474.2864, Found 

474.2854.

Target compound 15b was synthesized according to a similar procedure described for 

15a.

N-(((3r,5r,7r)-Adamantan-1-yl)methyl)-4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihy

dro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamide (15b). White solid (61 mg, 45% 

yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.68 (t, J = 6.1 Hz, 1H), 7.51 (d, J = 8.3 

Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 4.07 (t, J = 7.1 Hz, 2H), 2.77 (d, J = 6.2 Hz, 2H), 

2.62 (s, 3H), 2.54 (s, 3H), 2.45 (s, 3H), 2.17 (t, J = 7.6 Hz, 2H), 1.96–1.90 (m, 5H), 

1.66 (d, J = 12.0 Hz, 3H), 1.59 (d, J = 11.5 Hz, 3H), 1.43 (s, 6H). 13C NMR 

(DMSO-d6, 150 MHz) δ: 172.1, 155.6, 141.6, 141.5, 139.8, 137.9, 136.4, 130.4, 

126.2, 117.6, 100.0, 50.5, 49.2, 37.0, 34.0, 33.2, 28.2, 25.4, 21.2, 19.9, 12.3. HR-MS 

m/z Calcd. for C29H37N5O2Cl [M+Cl]- 522.2641, Found 522.2656

tert-Butyl (4-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-4-oxobutyl)carbamate 

(19a). To a solution of 4-((tert-butoxycarbonyl)amino)butanoic acid (270 mg, 1.33 

mmol), HATU (920 mg, 2.4 mmol) and DIPEA (429 mg, 3.63 mmol) in DMF (5 mL) 

was added 1-adamantanemethylamine (200 mg, 1.21 mmol). The reaction mixture 

was stirred for 8 h at room temperature. The reacted solution was poured into water 
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(30 mL), and extracted with EtOAc (3 × 10 mL). The combined organic phase was 

washed with saturated NaCl solution (30 mL), water (30 mL), dried over anhydrous 

Na2SO4. The organic layer was then concentrated under the reduced pressure to obtain 

crude product, which was purified by silica gel column chromatography (PE: EA = 1: 

1) to give compound 19a (400 mg, 90% yield) as a yellow oil. 1H-NMR (DMSO-d6, 

600 MHz) δ: 7.62 (t, J = 6.2 Hz, 1H), 6.79 (t, J = 5.4 Hz, 1H), 2.91 (dd, J = 13.1, 6.7 

Hz, 2H), 2.75 (d, J = 6.3 Hz, 2H), 2.70 (s, 1H), 2.09 (t, J = 7.5 Hz, 2H), 1.92 (s, 3H), 

1.66 (d, J = 12.0 Hz, 3H), 1.58 (d, J = 8.2 Hz, 4H), 1.44–1.36 (m, 15H).

Compound 19b was synthesized according to a similar procedure described for 19a.

tert-Butyl (6-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-6-oxohexyl)carbamate 

(19b). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.59 (t, J = 6.1 Hz, 1H), 6.75 (t, J = 5.2 Hz, 

1H), 2.90 (dd, J = 13.0, 6.9 Hz, 2H), 2.76 (d, J = 6.3 Hz, 2H), 2.71 (s, 1H), 2.10 (t, J = 

7.4 Hz, 2H), 1.93 (s, 3H), 1.67 (d, J = 12.0 Hz, 3H), 1.59 (d, J = 11.4 Hz, 3H), 1.53–

1.25 (m, 20H).

N-(((3r,5r,7r)-Adamantan-1-yl)methyl)-4-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-di

hydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)butanamide (16a). TFA (2 

mL) was added to a stirred solution of compound 19a (400 mg, 1.14 mmol) in dry 

DCM (3 mL) dropwise. The reaction mixture was stirred for 3 h at room temperature. 

The solvent was evaporated under reduced pressure to give crude product 20a, which 

was then dissolved in DMF (3 mL). Subsequently, HATU (160 mg, 0.42 mmol), 
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DIPEA (80 mg, 0.63 mmol) and compound 14 (70 mg, 0.21 mmol) were added. The 

mixture solution was stirred for 2 h at room temperature. Then, the resulting solution 

was poured into water (20 mL) and extracted with EtOAc (3 × 10 mL). The combined 

organic phase was washed with saturated NaCl solution (10 mL), water (10 mL), 

dried over anhydrous Na2SO4. The organic layer was then concentrated under reduced 

pressure to obtain the crude product, which was purified by column chromatography 

(DCM: MeOH = 100: 10) to give compound 16a as a white solid (57 mg, 47.5% 

yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.82 (t, J = 5.4 Hz, 1H), 7.65 (t, J = 6.1 Hz, 

1H), 7.50 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 4.06 (t, J = 7.0 Hz, 2H), 3.04 

(dd, J = 12.9, 6.8 Hz, 2H), 2.76 (d, J = 6.2 Hz, 2H), 2.62 (s, 3H), 2.54 (s, 3H), 2.45 (s, 

3H), 2.11 (dd, J = 10.6, 4.3 Hz, 4H), 1.99–1.87 (m, 5H), 1.65 (d, J = 11.5 Hz, 3H), 

1.63–1.54 (m, 5H), 1.42–1.41 (m, 6H). 13C NMR (DMSO-d6, 150 MHz) δ: 172.3, 

171.8, 155.6, 141.5, 139.8, 137.9, 136.4, 130.4, 126.2, 117.6, 50.5, 49.0, 38.67, 36.9, 

34.0, 33.5, 33.1, 28.1, 26.2, 25.1, 21.2, 19.9, 12.3. HR-MS m/z Calcd. for C33H45N6O3 

[M+H]+ 573.3548, Found 573.3568

Compound 16b was synthesized according to a similar procedure described for 16a. 

N-(((3r,5r,7r)-Adamantan-1-yl)methyl)-6-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-di

hydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)hexanamide (16b). White 

solid (54 mg, 42.9% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.79 (t, J = 5.3 Hz, 

1H), 7.60 (t, J = 6.0 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 4.05 

(t, J = 7.0 Hz, 2H), 3.02 (dd, J = 12.7, 6.5 Hz, 2H), 2.75 (d, J = 6.2 Hz, 2H), 2.61 (s, 
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3H), 2.54 (s, 3H), 2.45 (s, 3H), 2.10 (q, J = 7.5 Hz, 4H), 1.95-1.93 (m, 2H), 1.91 (s, 

3H), 1.65 (d, J = 11.9 Hz, 3H), 1.57 (d, J = 11.7 Hz, 3H), 1.52-1.47 (m, 2H), 1.40 (s, 

6H), 1.39-1.37 (m, 2H), 1.27-1.22 (m, 2H). 13C NMR (DMSO-d6, 150 MHz) δ: 172.7, 

171.7, 155.6, 141.5, 139.8, 137.9, 136.3, 130.3, 126.2, 117.6, 50.5, 49.1, 38.8, 37.0, 

35.8, 34.0, 33.1, 29.3, 28.1, 26.6, 25.7, 25.1, 21.2, 19.8, 12.3. HR-MS m/z Calcd. for 

C35H49N6O3 [M+H]+ 601.3861, Found 601.3883

Methyl 5-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-5-oxopentanoate (21a). 

5-Methoxy-5-oxopentanoic acid 14 (570 mg, 3.9 mmol), HATU (2660 mg, 7 mmol) 

and DIPEA (1241 mg, 10.5 mmol) were dissolved in anhydrous DMF (5 mL). After 

the addition of 1-adamantanemethylamine (579 mg, 3.5 mmol), the reaction mixture 

was stirred for 4 h at room temperature and then diluted with EtOAc (20 mL). The 

organic phase was washed with water (10 mL), saturated NaCl solution (10 mL) and 

dried over anhydrous Na2SO4. The resulting solution was concentrated under reduced 

pressure to give the crude product, which was purified by column chromatography 

(PE: EA = 1: 1) to give compound 21a (835.1 mg, 81.3% yield ) as a yellow oil. 

1H-NMR (DMSO-d6, 600 MHz) δ: 7.62 (t, J = 5.9 Hz, 1H), 3.58 (s, 3H), 2.75 (d, J = 

6.3 Hz, 2H), 2.29 (t, J = 7.4 Hz, 2H), 2.13 (t, J = 7.4 Hz, 2H), 1.91 (s, 3H), 1.77–1.70 

(m, 2H), 1.66–1.64 (m, 3H), 1.58–1.56 (m, 3H), 1.42–1.41 (m, 6H).

Compounds 21b-c were synthesized according to a similar procedure described for 

21a. 
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Methyl 7-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-7-oxoheptanoate (21b). 

1H-NMR (DMSO-d6, 600 MHz) δ: 7.61 (t, J = 6.1 Hz, 1H), 3.58 (s, 3H), 2.75 (d, J = 

6.3 Hz, 2H), 2.29 (t, J = 7.4 Hz, 2H), 2.09 (t, J = 7.4 Hz, 2H), 1.92 (s, 3H), 1.66 (d, J 

= 12.0 Hz, 3H), 1.60–1.55 (m, 3H), 1.55–1.46 (m, 4H), 1.41–1.40 (m, 6H), 1.28–1.22 

(m, 2H).

Methyl 11-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-11-oxoundecanoate (21c). 

1H-NMR (DMSO-d6, 600 MHz) δ: 7.56 (t, J = 6.2 Hz, 1H), 3.56 (s, 3H), 2.73 (d, J = 

6.3 Hz, 2H), 2.26 (t, J = 7.4 Hz, 2H), 2.07 (t, J = 7.3 Hz, 2H), 1.90 (s, 3H), 1.65–1.63 

(m, 3H), 1.56–1.54 (m, 3H), 1.50–1.45 (m, 4H), 1.40–1.39 (m, 6H), 1.23 (s, 10H).

5-((((3r,5r,7r)-Adamantan-1-yl)methyl)amino)-5-oxopentanoic acid (22a). To a 

solution of compound 21a (350 mg, 1.2 mmol) in THF: MeOH: H2O = 1: 1:1 (30 mL) 

was added 2 N LiOH (1.8 mL, 3.6 mmol). The reaction mixture was stirred for 2 h at 

room temperature. Then, the organic solvent was removed under the reduced pressure, 

and the pH of the residual aqueous solution was adjusted to 2 with 2 N aqueous HCl 

to afford precipitate. The precipitate was filtered and washed with water (3 × 5 mL) to 

give compound 22a (280 mg, 84% yield) as white solid. 1H-NMR (DMSO-d6, 600 

MHz) δ: 7.64 (t, J = 6.0 Hz, 1H), 2.76 (d, J = 6.3 Hz, 2H), 2.21 (t, J = 7.4 Hz, 2H), 

2.13 (t, J = 7.4 Hz, 2H), 1.92 (s, 3H), 1.74–1.69 (m, 2H), 1.67–1.65 (m, 3H), 1.59–

1.57 (m, 3H), 1.42–1.41 (m, 6H).
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Compounds 22b-c were synthesized according to a similar procedure described for 

22a. 

7-((((3r,5r,7r)-Adamantan-1-yl)methyl)amino)-7-oxoheptanoic acid (22b). 

1H-NMR (DMSO-d6, 600 MHz) δ: 11.95 (s, 1H), 7.57 (t, J = 6.1 Hz, 1H), 2.74 (d, J = 

6.2 Hz, 2H), 2.18 (t, J = 7.4 Hz, 2H), 2.08 (t, J = 7.4 Hz, 2H), 1.91 (s, 3H), 1.65 (d, J 

= 12.0 Hz, 3H), 1.57 (d, J = 11.6 Hz, 3H), 1.53–1.45 (m, 4H), 1.41 (d, J = 2.0 Hz, 

6H), 1.28–1.20 (m, 2H).

11-((((3r,5r,7r)-Adamantan-1-yl)methyl)amino)-11-oxoundecanoic acid (22c). 

1H-NMR (DMSO-d6, 600 MHz) δ: 11.96 (s, 1H), 7.58 (t, J = 6.0 Hz, 1H), 2.76 (d, J = 

6.3 Hz, 2H), 2.19 (t, J = 7.4 Hz, 2H), 2.09 (t, J = 7.3 Hz, 2H), 1.92 (s, 3H), 1.67–1.65 

(m, 3H), 1.59–1.57 (m, 3H), 1.51–1.46 (m, 4H), 1.42–1.41 (m, 6H), 1.25 (s, 10H).

tert-Butyl (4-(5-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-5-oxopentanamido) 

phenethyl)carbamate (23a). HATU (222 mg, 0.6 mmol), DIPEA (0.16 mL, 0.9 

mmol) and 4-aminophenethylcarbamate (70 mg, 0.3 mmol) were added sequentially 

to a solution of 22a (90 mg, 0.32 mmol) in DMF (5 mL). The solution was stirred for 

6 h at room temperature. Then, the mixture was poured into water (20 mL) and 

extracted with EtOAc (3 × 5 mL). The combined organic layer was washed with 

saturated NaCl solution (3 × 10 mL), dried over anhydrous Na2SO4, filtered, and 

evaporated under reduced pressure to get crude product, which was purified by 
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column chromatography (DCM : MeOH = 100 : 9) to give intermediate 23a as a 

yellow oil (135 mg, 85% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 9.82 (s, 1H), 7.66 

(t, J = 6.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.3 Hz, 1H), 7.11 (d, J = 8.4 

Hz, 2H), 6.96 (d, J = 8.3 Hz, 1H), 3.11 (dd, J = 14.3, 6.7 Hz, 2H), 2.78 (d, J = 6.2 Hz, 

2H), 2.71 (s, 2H), 2.64 (t, J = 7.6 Hz, 2H), 2.31 (t, J = 7.4 Hz, 2H), 2.17 (t, J = 7.5 Hz, 

2H), 1.93 (s, 3H), 1.84–1.79 (m, 2H), 1.68–1.66 (m 3H), 1.60–1.58 (m, 3H), 1.38–

1.37 (m, 12H).

Compounds 23b-c were synthesized according to a similar procedure described for 

23a. 

tert-Butyl (4-(7-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-7-oxoheptanamido) 

phenethyl)carbamate (23b). 1H-NMR (DMSO-d6, 600 MHz) δ: 9.78 (s, 1H), 7.59 (t, 

J = 6.1 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.85 (t, J = 5.5 Hz, 

1H), 3.10 (dd, J = 14.1, 6.5 Hz, 2H), 2.76–2.73 (m, 2H), 2.67–2.59 (m, 2H), 2.27 (t, J 

= 7.4 Hz, 2H), 2.11 (t, J = 7.4 Hz, 2H), 1.91 (s, 3H), 1.66–1.64 (m, 3H), 1.60–1.56 

(m, 5H), 1.54–1.50 (m, 3H), 1.37–1.36 (m, 10H), 1.28–1.24 (m, 6H).

tert-Butyl (4-(11-((((3r,5r,7r)-adamantan-1-yl)methyl)amino)-11-oxoundecan 

amido)phenethyl)carbamate (23c) 1H-NMR (DMSO-d6, 600 MHz) δ: 9.77 (s, 1H), 

7.59 (t, J = 6.1 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 6.84 (t, J = 

5.3 Hz, 1H), 3.10 (dd, J = 13.9, 6.6 Hz, 2H), 2.75 (t, J = 4.8 Hz, 2H), 2.63 (t, J = 7.5 
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Hz, 2H), 2.27 (t, J = 7.4 Hz, 2H), 2.09 (t, J = 7.3 Hz, 2H), 1.91 (s, 3H), 1.66–1.64 (m, 

3H), 1.58–1.56 (m, 5H), 1.53–1.44 (m, 3H), 1.37–1.36 (m, 10H), 1.28–1.24 (m, 14H).

N1-(((3r,5r,7r)-Adamantan-1-yl)methyl)-N5-(4-(2-(4-(3,4-dimethyl-7-oxo-2-(p-toly

l)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)ethyl)phenyl)glutar

amide (16c). HATU (160 mg, 0.25 mmol) and DIPEA (0.12 mL, 0.63 mmol) were 

added to a solution of compound 6 (70 mg, 0.21 mmol) in DMF (5 mL), followed by 

the addition of compound 24a (98 mg, 0.25 mmol). The solution was stirred for 6 h at 

room temperature. The reaction mixture was poured into water (20 mL) and extracted 

with EtOAc (3 × 5 mL). The combined organic layer was washed with saturated NaCl 

solution (3 × 20 mL), dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure to give the impure product. The crude product was purified by 

column chromatography (DCM: MeOH = 100: 9) to give target compound 16c as a 

white solid (44.6 mg, 30% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 9.80 (s, 1H), 

7.87 (t, J = 5.8 Hz, 1H), 7.64 (t, J = 6.8 Hz, 1H), 7.49 (dd, J = 8.0, 5.9 Hz, 4H), 7.44 

(d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 4.03 (t, J = 7.1 Hz, 2H), 3.22 (dd, J = 

13.7, 7.2 Hz, 2H), 2.76 (d, J = 6.2 Hz, 2H), 2.63 (t, J = 7.4 Hz, 2H), 2.60 (s, 3H), 2.53 

(s, 3H), 2.44 (s, 3H), 2.29 (t, J = 7.5 Hz, 2H), 2.16 (t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.6 

Hz, 2H), 1.94–1.89(m, 5H), 1.83–1.77 (m, 2H), 1.66–1.64 (m, 3H), 1.58–1.56 (m, 

3H), 1.41 (s, 6H). 13C NMR (DMSO-d6, 150 MHz) δ: 172.3, 171.8, 171.1, 155.1, 

141.5, 139.8, 137.9, 136.3, 134.5, 130.3, 129.1, 126.2, 119.5, 117.6, 50.5, 49.0, 36.9, 
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36.3, 35.1, 34.0, 33.1, 28.2, 25.1, 21.9, 21.2, 19.9. HR-MS m/z Calcd. for C42H54N7O4 

[M+H]+ 720.4232, Found 720.4250

Compounds 16d-e were synthesized according to a similar procedure described for 

16c. 

N1-(((3r,5r,7r)-Adamantan-1-yl)methyl)-N7-(4-(2-(4-(3,4-dimethyl-7-oxo-2-(p-toly

l)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)ethyl)phenyl) 

heptanediamide (16d). White solid (58.7 mg, 35.7% yield). 1H-NMR (DMSO-d6, 

600 MHz) δ: 9.77 (s, 1H), 7.87 (t, J = 5.4 Hz, 1H), 7.58 (t, J = 6.0 Hz, 1H), 7.48 (d, J 

= 8.3 Hz, 4H), 7.43 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 4.02 (t, J = 7.0 Hz, 

2H), 3.21 (dd, J = 13.3, 6.8 Hz, 2H), 2.73 (d, J = 6.2 Hz, 2H), 2.65–2.55 (m, 5H), 2.52 

(s, 3H), 2.42 (s, 3H), 2.25 (t, J = 7.4 Hz, 2H), 2.09 (t, J = 6.1 Hz, 4H), 1.93–1.85 (m, 

5H), 1.64–1.62(m, 3H), 1.58–1.49 (m, 7H), 1.39 (s, 6H), 1.31–1.21 (m, 2H). 13C 

NMR (DMSO-d6, 150 MHz) δ: 172.7, 171.8, 171.4, 155.6, 141.6, 141.4, 139.8, 137.9, 

136.3, 134.5, 130.3, 129.1, 126.1, 119.5, 117.6, 50.5, 49.0, 40.7, 37.0, 36.7, 35.8, 

35.1, 34.0, 33.1, 28.8, 28.2, 25.8, 25.4, 25.1, 21.2, 19.9, 12.3. HR-MS m/z Calcd. for 

C44H58N7O4 [M+H]+ 748.4545, Found 748.4558

N1-(((3r,5r,7r)-Adamantan-1-yl)methyl)-N11-(4-(2-(4-(3,4-dimethyl-7-oxo-2-(p-to

lyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)ethyl)phenyl) 

undecanediamide (16e). White solid (47 mg, 34.4% yield). 1H-NMR (DMSO-d6, 600 

MHz) δ: 9.77 (s, 1H), 7.88 (s, 1H), 7.60 (s, 1H), 7.48 (d, J = 8.3 Hz, 4H), 7.44 (d, J = 
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8.1 Hz, 2H), 7.10 (d, J = 8.2 Hz, 2H), 4.03 (t, J = 6.9 Hz, 2H), 3.22 (dd, J = 13.1, 6.8 

Hz, 2H), 2.74 (d, J = 6.1 Hz, 2H), 2.65–2.57 (m, 5H), 2.53 (s, 3H), 2.43 (s, 3H), 2.25 

(t, J = 7.4 Hz, 2H), 2.11–2.07 (m, 4H), 1.92–1.90 (m, 5H), 1.65–1.63 (m, 3H), 1.56–

1.55 (m, 5H), 1.48 (s, 3H), 1.41–1.40 (m, 7H), 1.27–1.25 (m, 8H). 13C NMR 

(DMSO-d6, 150 MHz) δ: 172.8, 171.9, 171.5, 155.7, 141.6, 139.8, 137.9, 136.5, 

134.5, 130.4, 129.2, 126.2, 119.6, 117.6, 50.5, 49.0, 40.7, 37.0, 36.8, 35.9, 35.1, 34.1, 

33.1, 29.3, 29.1, 28.2, 25.9, 25.6, 25.1, 21.2, 19.8, 12.3. HR-MS m/z Calcd. for 

C48H66N7O4  [M+H]+ 804.5171, Found 804.5198

tert-Butyl (2-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d] 

pyridazin-6-yl)butanamido)ethyl)carbamate (26a). HBTU (67 mg, 0.18 mmol), 

DIPEA (0.07 mL, 0.36 mmol) and compound 14 (40 mg, 0.12 mmol) were added to a 

solution of tert-butyl (2-aminoethyl)carbamate 25a (29 mg, 0.18 mmol) in anhydrous 

DMF (2 mL). The solution was stirred for 4 h at room temperature. Then the reaction 

mixture was poured into water (20 mL) and extracted with EtOAc (3 × 5 mL). The 

combined organic phase was washed with saturated NaCl solution (10 mL), dried 

over anhydrous Na2SO4, filtered and concentrated under reduced pressure to afford 

the crude product. The crude product was purified by column chromatography (DCM: 

MeOH = 100: 7) to give compound 26a (50.3 mg, 88.4% yield) as a yellow oil. 

1H-NMR (DMSO-d6, 600 MHz) δ: 7.82 (t, J = 5.5 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H), 

7.44 (d, J = 8.3 Hz, 2H), 6.78 (t, J = 5.6 Hz, 1H), 4.05 (t, J = 7.0 Hz, 2H), 3.05 (dd, J 
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= 12.3, 6.2 Hz, 2H), 2.96 (dd, J = 12.4, 6.2 Hz, 2H), 2.60 (s, 3H), 2.53 (s, 3H), 2.44 

(s, 3H), 2.11 (t, J = 7.6 Hz, 2H), 1.97–1.89 (m, 2H), 1.36 (s, 9H).

Compounds 26b-e were synthesized according to a similar procedure described for 

26a.

tert-Butyl (4-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d] 

pyridazin-6-yl)butanamido)butyl)carbamate (26b). 1H-NMR (DMSO-d6, 600 

MHz) δ: 7.77 (t, J = 5.4 Hz, 1H), 7.48 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 

6.76 (t, J = 5.3 Hz, 1H), 4.03 (t, J = 7.0 Hz, 2H), 3.00 (d, J = 5.3 Hz, 2H), 2.88 (d, J = 

5.5 Hz, 2H), 2.59 (s, 3H), 2.52 (s, 3H), 2.43 (s, 3H), 2.09 (t, J = 7.6 Hz, 2H), 1.94–

1.87 (m, 2H), 1.37–1.34 (m, 13H).

tert-Butyl (6-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d] 

pyridazin-6-yl)butanamido)hexyl)carbamate (26c). 1H-NMR (DMSO-d6, 600 

MHz) δ: 7.75 (d, J = 5.3 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 

6.75 (s, 1H), 4.05 (t, J = 7.1 Hz, 2H), 3.10 (t, J = 7.2 Hz, 1H), 3.01 (dd, J = 12.9, 6.7 

Hz, 2H), 2.61 (s, 3H), 2.53 (s, 3H), 2.44 (s, 3H), 2.10 (t, J = 7.7 Hz, 2H), 1.93 (dd, J = 

14.6, 7.3 Hz, 2H), 1.52 (s, 1H), 1.37 (s, 9H), 1.26–1.23 (m, 8H).

tert-Butyl (8-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d] 

pyridazin-6-yl)butanamido)octyl)carbamate (26d). 1H-NMR (DMSO-d6, 600 

MHz) δ: 7.76 (s, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 6.75 (s, 1H), 
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5.77 (s, 5H), 4.04 (t, J = 7.1 Hz, 2H), 3.10 (dd, J = 13.3, 3.8 Hz, 1H), 3.01 (dd, J = 

12.5, 6.7 Hz, 2H), 2.61 (s, 3H), 2.53 (s, 3H), 2.44 (s, 3H), 2.13–2.07 (m, 2H), 1.92 (t, 

J = 7.4 Hz, 2H), 1.37 (s, 9H), 1.27–1.24 (m, 8H).

tert-Butyl (2-(2-(2-(4-(3,4-dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo 

[3,4-d]pyridazin-6-yl)butanamido)ethoxy)ethoxy)ethyl)carbamate (26e). 1H-NMR 

(DMSO-d6, 600 MHz) δ: 7.90 (t, J = 5.5 Hz, 1H), 7.50 (d, J = 8.3 Hz, 2H), 7.45 (d, J 

= 8.2 Hz, 2H), 6.78 (t, J = 5.4 Hz, 1H), 4.06 (t, J = 7.1 Hz, 2H), 3.50 (s, 4H), 3.43–

3.37 (m, 4H), 3.20 (q, J = 5.8 Hz, 2H), 3.06 (q, J = 6.0 Hz, 2H), 2.61 (s, 3H), 2.54 (s, 

3H), 2.45 (s, 3H), 2.14 (t, J = 7.6 Hz, 2H), 1.97–1.89 (m, 2H), 1.38 (s, 9H).

Compounds 17a-e were synthesized according to a similar procedure described for 

16a-b.

N-(2-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)ethyl)-4-(3,4-dimethyl-7-oxo-2-(p-t

olyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamide (17a). White 

solid (45.5 mg, 84.9% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.80 (s, 1H), 7.70 (s, 

1H), 7.49 (d, J = 6.3 Hz, 2H), 7.44 (d, J = 6.8 Hz, 2H), 4.05 (t, J = 6.7 Hz, 2H), 3.07 

(s, 4H), 2.60 (s, 3H), 2.53 (s, 3H), 2.43 (s, 3H), 2.10 (t, J = 7.3 Hz, 2H), 1.96-1.91 (m, 

2H), 1.86 (s, 3H), 1.80 (s, 2H), 1.61–1.59 (m, 3H), 1.54–1.52 (m, 9H). 13C NMR 

(DMSO-d6, 150 MHz) δ: 172.1, 170.5, 155.7, 141.5, 139.8, 137.9, 136.3, 130.4, 

126.2, 117.6, 50.6, 48.9, 42.5, 38.9, 38.6, 36.9, 33.0, 32.5, 28.5, 24.9, 21.2, 19.9, 12.3. 

HR-MS m/z Calcd. for C32H43N6O3 [M+H]+ 559.3392, Found 559.3423.
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N-(4-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)butyl)-4-(3,4-dimethyl-7-oxo-2-(p-

tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamide (17b). White 

solid (18 mg, 11.8% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.78 (t, J = 5.4 Hz, 

1H), 7.62 (t, J = 5.5 Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 4.04 

(t, J = 7.0 Hz, 2H), 3.01 (dd, J = 11.2, 5.5 Hz, 4H), 2.60 (s, 3H), 2.52 (s, 3H), 2.43 (s, 

3H), 2.10 (t, J = 7.6 Hz, 2H), 1.92 (dd, J = 14.7, 7.8 Hz, 2H), 1.88 (s, 3H), 1.79 (s, 

2H), 1.62–1.61 (m, 3H), 1.55–1.53 (m, 9H), 1.37–1.36 (m, 4H) 13C NMR (DMSO-d6, 

150 MHz) δ: 171.7, 170.2, 155.6, 141.6, 141.4, 139.8, 137.9, 136.3, 130.4, 126.15, 

117.6, 50.5, 49.1, 42.6, 38.6, 36.9, 33.1, 32.6, 28.5, 27.2, 25.2, 21.2, 19.9, 12.3. 

HR-MS m/z Calcd. for C34H47N6O3 [M+H]+ 587.3705, Found 587.3721.

N-(6-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)hexyl)-4-(3,4-dimethyl-7-oxo-2-(p-

tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamide (17c). Light 

yellow oil (36 mg, 29% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 7.77 (t, J = 5.5 Hz, 

1H), 7.62 (t, J = 5.4 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 4.04 

(t, J = 7.1 Hz, 2H), 3.01 (dt, J = 13.8, 6.8 Hz, 4H), 2.60 (s, 3H), 2.53 (s, 3H), 2.44 (s, 

3H), 2.10 (t, J = 7.6 Hz, 2H), 1.93 (dd, J = 14.8, 7.5 Hz, 2H), 1.89 (s, 3H), 1.79 (s, 

2H), 1.64–1.62 (m, 3H), 1.56–1.54 (m, 9H), 1.38–1.35 (m, 4H), 1.25–1.24 (m, 4H). 

13C NMR (DMSO-d6, 150 MHz) δ: 171.7 , 170.1, 155.6, 141.6, 141.4, 139.8, 137.8, 

136.3, 130.3, 126.2, 117.6, 50.5, 49.1, 42.6, 38.8, 38.6, 36.9, 33.1, 32.6, 29.6, 28.5, 
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26.6, 25.15, 21.18, 19.86, 12.30. HR-MS m/z Calcd. for C36H51N6O3 [M+H]+ 

615.4018, Found 615.4023.

N-(8-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)octyl)-4-(3,4-dimethyl-7-oxo-2-(p-t

olyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamide (17d). Light 

yellow oil (42 mg, 40.6% yield).1H-NMR (DMSO-d6, 600 MHz) δ: 7.75 (t, J = 5.4 

Hz, 1H), 7.60 (d, J = 5.5 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 

4.05 (t, J = 7.0 Hz, 2H), 3.00 (dq, J = 9.6, 6.8 Hz, 4H), 2.61 (s, 3H), 2.53 (s, 3H), 2.44 

(s, 3H), 2.10 (t, J = 7.7 Hz, 2H), 1.95–1.92 (m, 2H), 1.90 (s, 3H), 1.80 (s, 2H), 1.66–

1.64 (m, 3H), 1.57–1.55 (m, 9H), 1.35–1.38 (m, 4H), 1.24 (s, 8H). 13C NMR 

(DMSO-d6, 150 MHz) δ: 171.6, 170.1, 155.6, 141.6, 141.4, 139.8, 137.9, 136.3, 

130.4, 126.2, 117.6, 50.6, 49.1, 42.6, 38.9, 38.6, 36.9, 33.1, 32.6, 29.6, 29.2, 28.5, 

26.8, 25.2, 21.2, 19.8, 12.3. HR-MS m/z Calcd. for C38H55N6O3 [M+H]+ 643.4331, 

Found 643.4354.

N-(2-(2-(2-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)ethoxy)ethoxy)ethyl)-4-(3,4-

dimethyl-7-oxo-2-(p-tolyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butana

mide (17e). Yellow oil (49.2 mg, 64.7% yield). 1H-NMR (DMSO-d6, 600 MHz) δ: 

7.86 (t, J = 5.6 Hz, 1H), 7.68 (t, J = 5.6 Hz, 1H), 7.48 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 

8.2 Hz, 2H), 4.05-4.02 (m, 2H), 3.49 (s, 4H), 3.38 (dd, J = 13.3, 6.0 Hz, 4H), 3.17 

(dq, J = 15.2, 5.8 Hz, 4H), 2.59 (s, 3H), 2.52 (s, 3H), 2.43 (s, 3H), 2.12 (t, J = 7.6 Hz, 

2H), 1.90-1.94 (m, 7.6 Hz, 2H), 1.88 (s, 3H), 1.80 (s, 2H), 1.63–1.61 (m, 3H), 1.55–
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1.53 (m, 9H) 13C NMR (DMSO-d6, 150 MHz) δ: 172.0, 170.4, 155.6, 141.6, 141.4, 

139.8, 137.9, 136.4, 130.4, 126.2, 117.6, 69.9, 69.6, 60.2, 50.4, 49.0, 42.5, 38.9, 38.8, 

36.9, 33.0, 32.6, 28.5, 25.1, 21.2, 19.9, 14.55, 12.3. HR-MS m/z Calcd. for 

C36H51N6O5 [M+H]+ 647.3916, Found 647.3909.

Methyl 7-(2-((3r,5r,7r)-adamantan-1-yl)acetamido)heptanoate (28) This 

compound was synthesized according to a similar procedure described for 22a. 

1H-NMR (DMSO-d6, 600 MHz) δ: 7.62 (t, J = 5.4 Hz, 1H), 3.59 (s, 3H), 3.00 (dd, J = 

12.7, 6.8 Hz, 2H), 2.29 (t, J = 7.4 Hz, 2H), 1.91 (s, 3H), 1.81 (s, 2H), 1.67–1.65 (m, 

3H), 1.58–1.55 (m, 9H), 1.53–1.50 (m, 2H), 1.38–1.36 (m, 2H), 1.27–1.25 (m, 4H).

7-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)heptanoic acid (29). This compound 

was synthesized according to a similar procedure described for 22a. 1H-NMR 

(DMSO-d6, 600 MHz) δ: 7.60 (s, 1H), 2.98 (dd, J = 12.8, 6.8 Hz, 2H), 2.17 (t, J = 7.4 

Hz, 2H), 1.89 (s, 3H), 1.79 (s, 2H), 1.65–1.63 (m, 3H), 1.56–1.53 (m, 9H), 1.49–1.43 

(m, 2H), 1.39–1.31 (m, 2H), 1.25–1.23 (m, 4H).

tert-Butyl 

(4-(7-(2-((3r,5r,7r)-adamantan-1-yl)acetamido)heptanamido)phenethyl) 

carbamate (30). This compound was synthesized according to a similar procedure 

described for 23a. 1H-NMR (DMSO-d6, 600 MHz) δ: 9.77 (s, 1H), 7.62 (t, J = 5.4 Hz, 

1H), 7.49 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.83 (t, J = 5.4 Hz, 1H), 3.10 
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(dd, J = 14.0, 6.5 Hz, 2H), 3.01 (dd, J = 12.7, 6.7 Hz, 2H), 2.63 (t, J = 7.5 Hz, 2H), 

2.27 (t, J = 7.4 Hz, 2H), 1.91 (s, 3H), 1.81 (s, 2H), 1.66–1.64 (m, 3H), 1.58–1.56 (m, 

12H), 1.37 (s, 9H), 1.30–1.27 (m, 5H).

7-(2-((3r,5r,7r)-Adamantan-1-yl)acetamido)-N-(4-(2-(4-(3,4-dimethyl-7-oxo-2-(p-t

olyl)-2,7-dihydro-6H-pyrazolo[3,4-d]pyridazin-6-yl)butanamido)ethyl)phenyl)he

ptanamide (17f). White solid (45.3 mg, 27% yield).This compound was synthesized 

according to a similar procedure described for 16c. 1H-NMR (DMSO-d6, 600 MHz) δ: 

9.78 (s, 1H), 7.88 (t, J = 5.2 Hz, 1H), 7.64 (t, J = 5.2 Hz, 1H), 7.48 (d, J = 8.1 Hz, 

4H), 7.44 (d, J = 7.7 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 4.03 (t, J = 6.6 Hz, 2H), 3.22 

(dd, J = 12.9, 6.7 Hz, 2H), 3.00 (dd, J = 11.9, 5.9 Hz, 2H), 2.63 (t, J = 7.0 Hz, 2H), 

2.59 (s, 3H), 2.53 (s, 3H), 2.43 (s, 3H), 2.26 (t, J = 7.3 Hz, 2H), 2.10 (t, J = 7.3 Hz, 

2H), 1.94-1.91 (m, 2H), 1.90 (s, 3H), 1.80 (s, 2H), 1.65–1.63 (m, 3H), 1.56–1.54 (m, 

11H), 1.38–1.37 (m, 2H), 1.28 (s, 4H). 13C NMR (DMSO-d6, 150 MHz) δ: 171.8, 

171.5, 170.1, 155.6, 141.6, 141.4, 139.8, 137.9, 136.4, 134.4, 130.4, 129.2, 126.2, 

119.5, 117.6, 50.6, 49.0, 42.6, 40.7, 38.7, 36.9, 35.1, 33.1, 32.6, 29.5, 28.8, 28.5, 26.7, 

25.6, 25.1, 21.2, 19.9, 12.3. HR-MS m/z Calcd. for C45H60N7O4. [M+H]+ 762.4702, 

Found 762.4726.

Fluorescence Polarization Assay

Determination of equilibrium dissociation constants Ki for each compound was 

performed using the fluorescence polarization assay with Atrovastatin-PEG3-FITC as 

ligand in black flat–bottom 96–well plates (Corning # 3993). A 2–fold serial dilution 
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of each compound (40 µL) containing 0.2% DMSO was added to 40 µL of a solution 

of fluorescent probe (50 nM final concentration) and 80 nM PDEδ protein in 

PBS-buffer (containing 0.05% Chaps, 0.4% DMSO). The fluorescence polarization 

value was measured on Biotek Synergy H2 with the 485 nm excitation and 535 nm 

emission filters after 2 h incubation at room temperature. The Ki of each compound 

tested was determined by fitting the displacement curves (AOBS, the experimentally 

measured anisotropy vs LT, the test compound concentration) to following equation 

using Origin (OriginPro 7, function codec from origin)

                       (1)d = 𝐾𝐷 + 𝐾𝑖 + 𝐿𝑆𝑇 + 𝐿𝑇 ― 𝑅𝑇

            (2)𝑒 = (𝐿𝑇 ― 𝑅𝑇) × 𝐾𝐷 + (𝐿𝑆𝑇 ― 𝑅𝑇) × 𝐾𝑖 + 𝐾𝐷 × 𝐾𝑖

                           (3)𝑓 = ―𝐾𝐷 × 𝐾𝑖 × 𝑅𝑇

                       (4)𝜃 = 𝑐𝑜𝑠 ―1 [
―2 × 𝑑3 + 9 × 𝑑 × 𝑒 ― 27𝑓

2 ×± (𝑑2 ― 3 × 𝑒)3 ]

                      (5)𝐹 =
2 × 𝑑2 ― 3 × 𝑒 × 𝑐𝑜𝑠 (𝜃

3) ― 𝑑

3 × 𝐾𝐷1 + 2 × 𝑑2 ― 3 × 𝑒 × 𝑐𝑜𝑠 (𝜃
3) ― 𝑑

                           (6)𝐴 =
𝑄 × 𝐹 × 𝐴𝐵 + (1 ― 𝐹) × 𝐴𝐹

1 ― (1 ― 𝑄) × 𝐹

In these equations, Q is the ratio of the fluorescence intensity of the probe in the 

bound and free status, FSB is the fraction of bound probe, AB and AF represent the 

anisotropies of bound and free probe, KD is the equilibrium dissociation constant of 

the fluorescent probe, LST is the concentration of probe, RT is the receptor S35 

protein concentration, LT is total concentration of unlabeled small molecule 

competitor and Ki is the test compound’s equilibrium dissociation constant.

Western Blot. 
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The SW480 cells were cultivated (5.0 × 105 cells/well) on 6-well transparent plates. 

The test compounds were added following seeding after 24 h. The cells were 

incubated for another 24 h, and washed with cold PBS for 2 times. Then, 80 μL of 

cold lysis buffer containing 1% protease and phosphatase inhibitors was added to the 

plates for 30 min on ice. The cell lysates were centrifuged for 12000 rpm for 15 min 

at 4 °C. The protein extract was denatured at 100 °C bath and protein concentration 

was measured by BCA protein assay. Equal amounts of protein (20 μg) were 

separated and analyzed on 10−15% SDS-PAGE gels. The gels were transferred to 

PVDF membrane and blocked with 5% bovine serum albumin buffer for 2 h. The 

membranes were incubated with primary antibody overnight at 4 °C and washed with 

TBST three times. Then, the membranes were incubated with infrared secondary 

antibodies for 1 h. The immunoblots were scanned by LI-COR Odyssey infrared 

imaging system. The primary antibodies were: PDEδ (GeneTex, CTX109240, 

1:1000), p-Ert (CST # 4370, 1:1000), p-Akt (CST # 4060, 1:1000), t-Akt (Epitomics # 

2118, 1:10000), t-Erk (CST # 9107, 1:1000) and GAPDH (Abcam, ab8245).

The Molecular Docking Study. 

The crystal structure of PDEδ was obtained from protein database bank (PDB ID: 

5E80) and prepared for docking using the protein preparation tool in Discovery Studio 

3.0.2. During this process, the ligands and waters were removed and hydrogens were 

added to the structure. Staged minimization was performed with default setting. The 

docking studies were carried out using GOLD 5.0. Binding site was defined as whole 
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residues within a 10 Å radius subset encompassing the ligand. Conformations were 

generated by genetic algorithm and scored using GoldScore as fitness function. The 

best pose was chosen to explore the ligand–protein interaction. The image 

representing the best structure docking was prepared using PyMol 2.0.

In Vitro Antitumor Assay. 

The test cancer cells (SW480, HCT116 and MIAPACA-2), which were in the 

logarithmic stage, were seeded in 96-well transparent plates at a density of 6.5 × 103 

cells per well and incubated in a cell incubator for 24 h. Test compounds were added 

onto 96-well plates with gradient concentrations and complete medium containing 

0.1% DMSO for control. After incubated for 72 h, CCK8 (10 μL) was added to each 

well and the 96-well plate was incubated for 0.5−2 h. Finally, the absorbance (OD) 

was read on a Biotek Synergy H2 (Lab systems) at 450 nm and IC50 was calculated by 

Logit method. All experiments were performed at least three independent assays.

Apoptosis Analysis by Flow Cytometry. 

SW480 cells (4.0 × 105 cells/well) were cultivated on six-well plates, and following 

treated with vehicle, compound 17c (at 40 μM) and deltazinone (at 50 μM) for 24 h, 

respectively. Then, the cells were trypsinized and washed with cold PBS. After 

centrifugation and removal of the supernatants, the cells were resuspended in 1× 

binding buffer (300 μL). Treated with annexin V-FITC (5 μL) and PI (10 μL) in turn, 
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the stained cells were incubated at room temperature for 15 min in dark and measured 

by flow cytometer (BD Accuri C6).

Figure S1. The anti-proliferative activities of test compounds against MIAPACA-2
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Spectral data

Copies of the NMR and HRMS for representative compounds

Compound 15a
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Compound 15b
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Compound 16a
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Compound 16b
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Compound 16c
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Compound 16d
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Compound 16e
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Compound 17a
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Compound 17b
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Compound 17c
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Compound 17d
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Compound 17e
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Compound 17f
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