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Chemical Synthesis and Structural Characterization of Intermediates 4a-4g, 7, 

11b and 15a-15d. 

General. 1H NMR spectra were recorded on Bruker AVANCE300 or AVANCE600 

spectrometer (Bruker Company, Germany), using TMS as an internal standard and 

CDCl3 as solvent. Chemical shift is given in ppm (δ). TLC analysis was carried out on 

silica gel plates GF254 (Qingdao Haiyang Chemical, China). Silica gel column 

chromatography was performed with Silica gel 60 G (Qingdao Haiyang Chemical, 

China). Unless otherwise noted, all materials were obtained from commercial 

suppliers and used without further purification.  

Scheme S1. Synthesis of Intermediate 4a-4g and 11bɑ 

 

ɑ. Reagents and Conditions: a) Et3SiH, TFA, 60 oC, N2, 4 h, yield 65.9%; b) AlCl3, 

CH2Cl2, 0 oC, 1.5 h, yield 35.7-86.9%; c) Et3SiH, TFA, 60 oC, N2, 4 h, 

yield56.5-90.5%. 6,7,8,9-tetrahydro-5H-benzo[7] annulene (2a). To a stirred 

solution of 6,7,8,9- tetrahydro-5H-benzo[7]annulen-5-one (200 mg, 1.25 mmol, 1.0 
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equiv) in 10 mL of TFA was added Et3SiH (725 mg, 6.25 mmol, 5.0 equiv). The 

reaction mixture was stirred at 60 oC for 4 h under N2. Most of TFA was removed by 

evaporation. Then the reaction mixture was diluted with EtOAc (30 mL) and H2O (30 

mL), separated. The water layer was extracted with EtOAc (30 mL), and the organic 

layers were combined and washed with saturated NaHCO3 solution (20 mL) and NaCl 

solution (20 mL), dried over anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude product was purified by column chromatography (silica gel, 100% 

hexane) to afford compound 2a (122 mg, 65.9% yield) as colorless oil.  

4-Bromo-1-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl) butan-1-one (4b). To 

a stirred solution of compound 2a (122 mg, 0.83 mmol, 1.0 equiv) and 

4-bromopropanoyl chloride (171 mg, 1.00 mmol, 1.2 equiv) in 30 mL of CH2Cl2 was 

added AlCl3 (133 mg, 1.00 mmol, 1.2 equiv) at 0 oC. The reaction mixture was stirred 

at 0 oC for 1.5 h. Then the reaction mixture was poured into 30 mL of ice water slowly 

with stirring. When the reaction was quenched, the mixture was poured into 

separotary funnel and separated. The water layer was extracted with 20 mL of CH2Cl2, 

and the organic layers were combined and washed with saturated NaHCO3 (30 mL) 

and NaCl (30 mL), dried over anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude product was purified by column chromatography (silica gel, 

hexane/EtOAc = 100:15, v/v) to afford compound 4b (202 mg, 86.9% yield) as a 

white solid. 1H NMR (600 MHz, CDCl3) δ: 7.77-7.72 (m, 2H), 7.22 (d, J = 7.8 Hz, 

1H), 3.71 (t, J = 6.6 Hz, 2H), 3.19 (t, J = 7.2 Hz, 2H), 2.93-2.82 (m, 4H), 2.30-2.21 

(m, 2H), 1.89 (t, J = 6.0 Hz, 2H), 1.73-1.66 (m, 4H). 

The synthesis of compounds 4a and 4c-4g was similar to that of compound 4b. 

3-Chloro-1-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)propan-1-one (4a). 

Light yellow oil (230 mg), yield: 61.7%. 1H NMR (300 MHz, CDCl3) δ: 7.71 (s, 1H), 

7.69 (d, J = 7.8 Hz, 1H), 7.20 (d, J = 7.5 Hz, 1H), 3.93 (t, J = 6.9 Hz, 2H), 3.44 (t, J = 

6.9 Hz, 2H), 2.91-2.81 (m, 4H), 1.93-1.80 (m, 2H), 1.74-1.60 (m, 4H). 

5-Chloro-1-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)butan-1-one (4c). 
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White solid (200 mg), yield: 76.4%. 1H NMR (300 MHz, CDCl3) δ: 7.01 (d, J = 7.2 

Hz, 1H), 6.91 (s, 1H), 6.88 (d, J = 8.1 Hz), 3.42 (t, J = 6.6 Hz, 2H), 2.79-2.71 (m, 4H), 

2.58 (t, J = 7.5 Hz, 2H), 1.94-1.73 (m, 6H), 1.63 (s, 4H). 

6-Bromo-1-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)hexan-1-one (4d). 

White solid (210 mg), yield: 71.4%. 1H NMR (300 MHz, CDCl3) δ: 7.70 (s, 1H), 7.67 

(dd, J = 7.8, 1.8 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 3.43 (t, J = 6.9 Hz, 2H), 2.97 (t, J = 

7.2 Hz, 2H), 2.91-2.79 (m, 4H), 1.98-1.89 (m, 2H), 1.89-1.80 (m, 2H), 1.80-1.71 (m, 

2H), 1.71-1.60 (m, 4H), 1.60-1.47 (m, 2H). 

7-Bromo-1-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)heptan-1-one (4e). 

Light yellow oil (130 mg), yield: 35.7%. 1H NMR (300 MHz, CDCl3) δ: 7.70 (s, 1H), 

7.67 (d, J = 7.8 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 3.42 (t, J = 6.9 Hz, 2H), 2.95 (t, J = 

7.2 Hz, 2H), 2.90-2.80 (m, 4H), 1.95-1.80 (m, 4H), 1.80-1.72 (m, 2H), 1.71-1.58 (m, 

4H), 1.54-1.37 (m, 4H). 

4-Chloro-1-(2,3-dihydro-1H-inden-5-yl)butan-1-one (4f). White solid (770 mg), 

yield: 81.7%. 1H NMR (300 MHz, CDCl3) δ: 7.84 (s, 1H), 7.78 (d, J = 7.8 Hz, 1H), 

7.30 (d, J = 7.5 Hz, 1H), 3.68 (t, J = 6.3 Hz, 2H), 3.17 (t, J = 6.9 Hz, 2H), 2.96 (t, J = 

7.5 Hz, 4H), 2.23 (p, J = 6.6 Hz, 2H), 2.12 (p, J = 7.5 Hz, 2H). 

4-Bromo-1-(5,6,7,8-tetrahydronaphthalen-2-yl)butan-1-one (4g). White solid 

(850 mg), yield: 80.2%. 1H NMR (300 MHz, CDCl3) δ: 7.72-7.66 (m, 2H), 7.15 (d, J 

= 8.4 Hz, 1H), 3.55 (t, J = 6.3 Hz, 2H), 3.15 (t, J = 6.9 Hz, 2H), 2.89-2.75 (m, 4H), 

2.39-2.26 (m, 2H), 1.93-1.71 (m, 4H). 

2-(4-Bromobutyl)-6,7,8,9-tetrahydro-5H-benzo[7]annulene (11b). To a stirred 
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solution of compound 4b (202 mg, 0.72 mmol, 1.0 equiv) in 15 mL of TFA was added 

Et3SiH (418 mg, 3.60 mmol, 5.0 equiv). The reaction mixture was stirred at 60 oC for 

4 h under N2. Most of TFA was removed by evaporation. Then the reaction mixture 

was diluted by EtOAc (30 mL) and H2O (30 mL), separated. The organic layers were 

combined and washed with saturated NaHCO3 solution (20 mL) and NaCl solution 

(20 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. The 

crude product was purified by column chromatography (silica gel, 100% hexane) to 

afford compound 11b (174 mg, 86.4% yield) as colorless oil. 

Scheme S2. Synthesis of Intermediate 15a-15dɑ 

 
ɑ Reagents and Conditions: a) AlCl3, CH2Cl2, 0

 oC, 1.5 h, yield 69.1%. 

 

Methyl 4-oxo-4-(6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)butanoate (7). To a 

stirred solution of methyl 4-chloro-4-oxobutanoate (250 mg, 1.66 mmol, 1.0 equiv) 

and 6,7,8,9-tetrahydro-5H-benzo[7]annulene (243 mg, 1.66 mmol, 1.0 equiv) in 30 

mL of CH2Cl2 was added AlCl3 (265 mg, 1.99 mmol, 1.2 equiv) at 0 oC. The reaction 

mixture was stirred at 0 oC for 1.5 h. Then the reaction mixture was poured into 30 

mL of ice water slowly with stirring. After quenching the reaction, the mixture was 

poured into separotary funnel and separated. The water layer was extracted with 20 

mL of CH2Cl2, and the organic layers were combined and washed with saturated 

NaHCO3 (30 mL) and NaCl (30 mL), dried over anhydrous Na2SO4 and concentrated 

under reduced pressure. The crude product was purified by column chromatography 

(silica gel, hexane/EtOAc = 100:15, v/v) to afford compound 7 (298 mg, 69.1% yield) 

as a white solid. 1H NMR (600 MHz, CDCl3) δ: 7.72 (s, 1H), 7.71 (dd, J = 7.8, 1.8 Hz, 

1H), 7.18 (d, J = 7.8 Hz, 1H), 3.71 (s, 3H), 3.30 (t, J = 6.6 Hz, 2H), 2.88-2.82 (m, 4H), 

2.76 (t, J = 6.6 Hz, 2H), 1.89-1.82 (m, 2H), 1.69-1.62 (m, 4H). 
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Scheme S3. Synthesis of Intermediate 15a-15dɑ 

 

ɑ Reagents and Conditions: a) n-BuLi, THF, -78 oC-rt, N2, overnight, yield 

48.1-55.4%. 

1-Benzyl-4-(4-methoxyphenyl)piperidin-4-ol (15a). To a stirred solution of 1-bromo 

-4-methoxybenzene (374 mg，2.00 mmol, 1.0 equiv) in 20 mL of anhydrous THF was 

added n-BuLi (0.88 mL, 2.5 M in hexane, 2.1 mmol, 1.05 equiv) dropwith at -78 oC 

under N2. The reaction mixture was stirred at -78 oC for 1.0 h, and then 1- 

benzylpiperidin-4-one (265 mg, 1.4 mmol, 1.2 equiv) was added dropwith. The 

resulting mixture was stirred for another hour at -78 oC under N2. The reaction was 

quenched by the addition of saturated NH4Cl solution (30 mL). Then the reaction 

mixture was diluted with EtOAc (30 mL), separated, and the water layer was 

extracted with EtOAc (20 mL). The organic layers were combined, washed with 

saturated NaCl solution (30 mL), dried over anhydrous Na2SO4 and concentrated 

under reduced pressure. The crude product was purified by column chromatography 

(silica gel, CH2Cl2/MeOH/Et3N = 100:1:0.5, v/v/v) to afford compound 15a (295 mg, 

49.6% yield) as slight yellow oil. 1H NMR (300 MHz, CDCl3, TMS) δ: 7.37 (d, J = 

8.7 Hz, 2H), 7.33 (s, 2H), 7.32 (s, 2H), 7.28-7.22 (m, 1H), 6.85 (d, J = 9.0 Hz, 2H), 

4.68 (s, 1H), 3.72 (s, 3H), 3.49 (s, 2H), 2.63-2.54 (d, J = 10.8 Hz, 2H), 2.41 (t, J = 

10.8 Hz, 2H), 1.88 (td, J = 12.6, 4.2 Hz, 2H), 1.58 (s, 1H), 1.53 (s, 1H). 
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1-Benzyl-4-(naphthalen-2-yl)piperidin-4-ol (15b). White solid (273 mg), yield: 

48.1%. 1H NMR (300 MHz, CDCl3, TMS) δ: 7.96 (s, 1H), 7.89-7.78 (m, 3H), 7.65 (d, 

J = 8.7 Hz, 1H), 7.51-7.44 (m, 2H), 7.44-7.28 (m, 5H), 3.65 (s, 2H), 2.96-2.79 (m, 

2H), 2.67-2.51 (m, 2H), 2.42-2.25 (m, 2H), 1.85 (s, 1H) , 1.81 (s, 1H). 

1-Benzyl-4-(naphthalen-1-yl)piperidin-4-ol (15c). White solid (242 mg), yield: 

55.4%. 1H NMR (300 MHz, CDCl3, TMS) δ: 8.90 (d, J = 9.0 Hz, 1H), 7.91-7.82 (m, 

1H), 7.77 (d, J = 8.1 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.51-7.44 (m, 2H), 7.44-7.26 

(m, 7H), 3.65 (s, 2H), 2.87 (d, J = 10.8 Hz, 2H), 2.69 (t, J = 11.7 Hz, 2H), 2.46-2.31 

(m, 2H), 2.26 (s, 2H) , 2.22 (s, 2H). 

4-(4-Morpholinophenyl)piperidin-4-ol (15d). White solid (241 mg), yield: 54.1%. 

1H NMR (300 MHz, CDCl3, TMS) δ: 7.37-7.28 (m, 6H), 7.28-7.21 (m, 1H), 6.87 (d, J 

= 9.0 Hz, 2H), 4.61 (s, 1H), 3.80-3.68 (m, 4H), 3.49 (s, 2H), 3.12-3.00 (m, 4H), 2.58 

(d, J = 10.8 Hz, 2H), 2.41 (t, J = 10.8 Hz, 2H), 1.87 (td, J = 12.6, 3.6 Hz, 2H), 1.55 (d, 

J = 12.6 Hz, 2H).  
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In vitro Blood-Brain Barrier (BBB) Permeation Assay. Brain penetration of 

compounds was performed using PAMPA, according to reported protocol.1, 2 The 

acceptor 96-well microplate was filled with 300 μL of PBS solution (70% PBS in 

EtOH), and the filter membrane was soaked with 4 μL of porcine brain lipid (PBL) 

solution (20 mg/mL in dodecane). 200μL of compound solution (100 μg/mL in PBS 

solution) was added to the donor wells (PVDF membrane, pore size 0.45 mm). The 

acceptor filter plate was placed on the donor plate, which was allowed to stand for 12 

h at 25°C. After incubation, the donor plate was carefully removed and the 

concentration of compounds in the acceptor wells was determined using a UV plate 

reader (SpectraMax i3). Three replicates were performed for each group.  

Table S1 Permeability (Pe × 10-6 cm/s) of compound B10 in the PAMPA-BBB assay. 

 Pe
a (10-6 cm/s) prediction b 

Clonidine 3.71 ± 0.33 CNS± 

B10 1.18 ± 0.22 CNS± 

a Results were represented as the mean ± standard deviation for three independent 

experiments . 

b Compounds with Pe > 3.08 × 10-6 cm/s was considered able to cross the BBB by 

passive diffusion (CNS+). Compounds with Pe < 1.13 × 10−6 cm/s was considered 

doesn’t able to cross the BBB (CNS−), and compounds with 1.13 × 10−6 cm/s < Pe < 

3.08 × 10−6 cm/s showed uncertain BBB permeation (CNS±).2 

 

Table S2. Primers for real-time RT-PCR in this study (5’ to 3’) 

Name Sequence 

ERG11-F ACTCATGGGGTTGCCAATGT 

ERG11-R GAGCAGCATCACGTCTCCAA 

MDR1-F CCACTGGTGGTGCAAGTGTT 

MDR1-R TCGTTACCGGTGATGGCTCT 
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HTRF assay. G protein-coupled receptors (including D2R) assays are often carried 

on by detecting the production of intracellular secondary messengers such as cyclic 

AMP (cAMP), Ca2+ and inositol triphosphate.3 Herein, the binding activity of 

compound B10 with D2R was determined by the HTRF cAMP dynamic kit according 

to the manufacturer’s protocol with a few modifications. In brief, Chinese hamster 

ovary (CHO) cells were grown to 80% confluence, then the culture medium was 

removed and the cells were washed with 5 mL PBS. PBS was removed and 1.5 mL 

versene was added , then the cells were incubated at 37 ℃ for 2-5 min. Stimulation 

Buffer (5 mM HEPES, 0.5 mM IBMX and 0.1% BSA in HBSS) was used to adjust 

the cell suspension to 2.5 × 105 cells/ml. 10ul of cell solution was transfered to a 

white 384-well ProxiPlate with 3 μM of forskolin, 30 nM of dopamine and different 

concentrations of compounds, incubated 60 minutes at room temperature. 

Subsequently, 5 μL 4X Eu-cAMP tracer solution and 5 μL 4X ULight™-anti-cAMP 

solution was added to the assay plate, and further incubated 60 minutes at room 

temperature before reading with an EnVision™ plate reader (PerkinElmer).  
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Figure S1. The dose response curve of Risperidone (A), Haloperidol (B), compound 

A1 (C), compound B10 (D) by HTRF cAMP assay. 

 

In vitro Metabolic Stability Assay. The in vitro metabolic stability was determined 

according to reported protocol4 with a few modifications. Potassium phosphate buffer 

(0.1 mM, pH 7.4) was preheated at first. Dispense 30 µL of 1.5 µM spiking solution 

of test and reference compounds (Ketanserin) containing 0.75 mg/mL microsomes 

solution to the assay plates designated for different time points (0, 5,15,30,45 min). 

For 0 min, add 150 µL of ACN containing the internal standard (200 ng/mL 

Tolbutamide) to the wells of 0 min plate and then add 15 µL of NADPH stock 

solution (6 mM). Pre-incubate all other plate at 37 °C for 5 minutes, and then add 15 
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µL of NADPH stock solution to the plates to start the reaction and timing. At 5-min,  

15-min，30-min and 45-min add 150 µL of ACN containing Tolbutamide to the wells 

of corresponding plates to stop the reaction, respectively. After quenching, shake the 

plates at the vibrator for 10 min (600 rpm/min) and then centrifuge at 6000rmp for 15 

min. Transfer 80 μL of the supernatant from each well into a 96-well sample plate 

containing 120 μL of water for LC/MS analysis. 

The Evaluation of the Production of Capsular Polysaccharide. The evaluation of 

the production of capsular polysaccharide was performed according to the reported 

protocol with a few modifications.5 A colony of C. neoformans was inoculated in 100 

mL of Yeast Nitrogen Base (YNB) medium, and cultured for 4 days at 30 °C with 

constant shaking (200 r.p.m.). The C. neoformans was spinned down (9000 r.p.m, 10 

min) and weighed, as the supernatant was collected. Then 3.0 volumes of EtOH were 

added slowly to the supernatant as a white precipitate appeared. The suspension was 

stayed still overnight at 4 °C, then the precipitate was collected by centrifugation and 

air dried to remove EtOH. The precipitate was dissolved with 3 mL of dH2O, and that 

was the capsular polysaccharides (GXM and GalXM). The polysaccharide 

concentration by the phenol sulfuric method.6 

Sterol Composition Analysis. Sterol composition analysis was  performed 

according to the reported protocol with a few modifications.7 C. albicans cells during 

the exponential growth period were harvested and re-suspended to 1 × 106 CFU/mL in 

30 mL of YPD medium untreated or treated with 16 μg/mL of FLC and/or compound 

B10. The cells were collected and weighed after being cultured at 35 oC for 24 h, and 
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then washed twice with PBS solution, saponified at 80 oC for 1 h with a mixture of 1 

mL of 15% NaOH and 9 mL of EtOH. The suspensions were then extracted three 

times with 5 mL of heptane. The extracts were evaporated in vacuum and dissolved in 

400 μL of cyclohexane. GC-MS analyses were performed on an Agilent 7890A gas 

chromatograph with splitless injection, coupled to an Agilent 5970C inert XL mass 

spectrometer with a triple-axis detector and an Agilent 19091S-433 capillary column 

(30 m × 250 μm)，and 100 μg/mL of cholesterol was added as internal standard. The 

oven temperature was programmed to hold at 70 °C for 2 min and then ramped to 

270 °C at a rate of 20 °C/min. Helium (10 psi) was used as the carrier gas, the 

electron ionization energy was 70 eV, and the inlet temperature 250 °C. Identification 

of sterols was achieved using the NIST (the National Institute of Standards and 

Technology) reference database.  

The Evaluation of the Efflux of Rhodamine 6G . The evaluation of the Efflux of 

Rhodamine 6G by C. albicans was performed according to the reported protocol with 

a few modifications.7 C. albicans cells during the exponential growth period were 

harvested and re-suspended to 1 × 106 CFU/mL in 30 mL of YPD medium untreated 

or treated with 16 μg/mL of FLC and/or compound B10. The cells were collected 

after being cultured at 35 oC for 24 h, and then washed twice with PBS solution, 

re-suspended to 5 × 107 CFU/mL in 10 mL of YPD. The PBS suspension was cultured 

at 35 °C for 1 h (200 rpm), until the energy and glucose were fully depleted. Then 1% 

10 mm rhodamine 6G was added to obtain a final concentration of 10 μM, the 

resulting miture was cultured at 35 °C for 30 min. The rhodamine-saturated cell 
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solution was labeled, centrifuged (3000 pm, 5 min), washed 3 times with PBS, and the 

supernatant was discarded. The cell suspension was divided into two equal parts. 

Glucose was added to the centrifuge tube of the glucose group to a final concentration 

of 2 mM, and the other group was left untreated. After being cultured for 60 min, the 

suspension was centrifuged, and the fluorescence intensity of the supernatant was 

measured at an excitation wavelength of 515 nm and an emission wavelength of 555 

nm, and three replicate wells were made at each time point. At the same time, the 

rhodamine 6G standard curve was used, and 10 μM of Rhodamine 6G was used as the 

highest concentration, and the gain value was adjusted based on it, and the ratio was 

diluted by 2 times with PBS. The efflux amount of fluorescent material rhodamine 6G 

was calculated. 
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Spectral data 

Compound A1 
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Compound B10 
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Compound B12 
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