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General Methods. Methanol (MeOH) and acetonitrile (CH3CN) were dried by filtration 

through two columns of activated molecular sieves. Tetrahydrofuran (THF) and toluene were 

passed through two columns of activated neutral alumina prior to use. Triethylamine (Et3N), 

dichloromethane (CH2Cl2), 1,2-dichloroethane (DCE), morpholine, N-methylpiperazine, trans-

crotonoyl chloride, and boron trifluoride diethyl etherate (BF3·OEt2) were freshly distilled over 

CaH2. Trimethylsilyl trifluoromethanesulfonate (TMSOTf) was distilled over P2O5. All solvents 

used for palladium-catalyzed cross-coupling reactions were degassed by sparging with nitrogen 

for 20 min prior to use. All other reagents and solvents were reagent grade and were purchased 

and used as received unless otherwise noted. Reactions were performed under a nitrogen or 

argon atmosphere in round-bottom flasks sealed under rubber septa with magnetic stirring, 

unless otherwise noted. Water sensitive reactions were performed with flame- or oven-dried 

glassware, stir-bars and steel needles. Reaction temperatures are reported as the temperatures of 

the bath surrounding the vessel. Sensitive reagents and solvents were transferred using plastic or 

oven-dried glass syringes and steel needles using standard techniques.	  

Proton nuclear magnetic resonance (1H NMR) and carbon nuclear magnetic resonance 

(13C NMR) spectra were acquired in CDCl3 unless otherwise noted. Chemical shifts are reported 

in parts per million (ppm, δ), downfield from tetramethylsilane (TMS, δ = 0.00 ppm) and are 

referenced to residual solvent (CDCl3, δ = 7.26 ppm (1H) and 77.16 ppm (13C)). Coupling 

constants (J) are reported in hertz (Hz) and the resonance multiplicity abbreviations used are: s, 

singlet; d, doublet; t, triplet; dt, doublet of triplets; td, triplet of doublets; dd, doublet of doublets; 

ddd, doublet of doublet of doublets; dddd, doublet of doublet of doublet of doublets; m, 

multiplet; comp, overlapping multiplets of magnetically non-equivalent protons. The 

abbreviations br and app stand for broad and apparent, respectively. Infrared (IR) spectra were 

obtained with a Thermo Scientific Nicolet IR-100 FT-IR series spectrometer as thin films on 

sodium chloride plates. Melting points were determined using a Thomas-Hoover Uni-melt 

capillary melting point apparatus. Purity was determined using an LCMS system comprised of an 

Agilent 1200 Series HPLC and an Agilent 6130 single quadrupole mass spectrometer.  Samples 

were injected onto a Phenomenex Gemini C18 column (5 micron, 2.1 x 50 mm) and eluted at 0.7 

mL/min using a gradient of 10-90% acetonitrile, 0.1% formic acid (11 minute linear 

ramp).  Positive mode electrospray ionization was used to verify the identity of the major 

component, and a UV chromatogram recorded at 214 nm was integrated to determine compound 
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purity. Thin-layer chromatography (TLC) was performed on EMD 60 F254 glass-backed pre-

coated silica gel plates and were visualized using one or more of the following methods: UV 

light (254 nm) and staining with basic potassium permanganate (KMnO4) or acidic p-

anisaldehyde (PAA). Flash chromatography was performed using glass columns and with 

Silicycle SiliaFlash F60 (40-63 µm) silica gel eluting with the solvents indicated according to the 

procedure of Still,1 unless otherwise noted. 

	  

2-Bromo-8,10-dimethyl-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-diaza-

cyclopenta[b]phenanthren-7-one (10). trans-Crotonoyl chloride (548 mg, 0.5 mL, 5.24 mmol) 

was added to a solution of imine 7 (1.0 g, 4.76 mmol) and silyl enol ether 82  (0.90 g, 1.1 mL, 

5.71 mmol) in CH3CN (95 mL) at room temperature. Freshly distilled TMSOTf (106 mg, 86 µL, 

0.47 mmol) was added, and the reaction was stirred for 0.5 h at room temperature. The mixture 

was then partitioned between saturated aqueous NaHCO3 (200 mL) and CH2Cl2 (200 mL). The 

layers were separated, and the aqueous layer was extracted with CH2Cl2 (2 × 100 mL). The 

combined organic layers were dried (Na2SO4) and concentrated under reduced pressure. The 

crude amide 3 thus obtained (pale yellow oil) was dissolved in toluene (80 mL) containing N-

methylhydroxylamine hydrochloride (0.44 g, 5.24 mmol) and Et3N (577 mg, 0.8 mL, 5.71 

mmol), and the mixture was heated at 50 °C for 4 h. The reaction was partitioned between 

toluene (20 mL) and H2O (100 mL), and the layers were separated. The aqueous layer was 

extracted with toluene (2 × 50 mL), and the combined organic layers were dried (Na2SO4) and 

concentrated under reduced pressure. The resultant yellow solid was recrystallized from MeOH 

to give 1.1 g (66% over 2 steps) of isoxazolidine 10 as small colorless crystals: mp 190.5-192 

°C; 1H NMR (600 MHz) δ 7.34-7.32 (comp, 2 H), 7.05 (d, J = 7.8 Hz, 1 H), 4.82-4.77 (m, 1 H), 

4.64 (dd, J = 12.0, 1.8 Hz, 1 H), 4.33-4.29 (m, 1 H), 3.22-3.14 (m, 1 H), 2.86-2.72 (comp, 4 H), 

2.70 (s, 3 H), 2.36 (ddd, J = 13.2, 7.2, 2.4 Hz, 1 H), 1.65-1.59 (m, 1 H), 1.52 (d, J = 6.0 Hz, 3 H); 
13C NMR (150 MHz) δ 169.3, 137.8, 134.3, 130.5, 130.0, 129.1, 120.3, 76.4, 65.0, 53.7, 53.4, 

44.0, 38.5, 36.7, 28.8, 20.0; IR (neat) 2966, 2839, 1641, 1432 cm-1; mass spectrum (CI) m/z 

351.0706 [C16H20
79BrN2O2 (M+1) requires 351.0708];3 LCMS purity: 98%. 
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2-Bromo-8,10-dimethyl-5,6,7a,8,10,10a,11,11a-octahydro-7H-9-oxa-6a,10-diaza-

cyclopenta[b]phenanthrene (11). To a suspension of NaBH4 (57 mg, 1.5 mmol) in anhydrous 

THF (3 mL) at 0 °C was added BF3·OEt2 (0.25 g, 0.22 mL, 1.8 mmol), and the mixture was 

stirred at 0 °C for 20 min. A solution of lactam 10 (100 mg, 0.30 mmol) in anhydrous THF (7 

mL) was added slowly at 0 °C, and the mixture was warmed to room temperature and stirred for 

24 h. A solution of 5 M aqueous HCl (5 mL) was added, and the mixture was heated at 70 °C for 

2 h and then cooled to 0 °C. The acidic solution was made basic (pH > 10) with 5 M aqueous 

NaOH (~7 mL) at 0 °C, and then partitioned with CH2Cl2 (10 mL). The layers were separated, 

and the aqueous layer was extracted with CH2Cl2 (2 × 10 mL).  The combined organic layers 

were dried (Na2SO4), filtered, and concentrated under reduced pressure. The resultant yellow oil 

was purified by flash column chromatography eluting with hexanes/EtOAc (1 : 9) to give 79 mg 

(82%) of 11 as a colorless solid: mp 140.5-141 °C; 1H NMR (600 MHz) δ 7.31 (d, J = 1.8 Hz, 1 

H), 7.24 (dd, J = 7.8, 1.8 Hz, 1 H), 6.95 (d, J = 7.8 Hz, 1 H), 4.31-4.27 (m, 1 H), 3.28-3.18 (m, 1 

H), 3.09 (d, J = 11.8 Hz, 1 H), 3.06-3.00 (m, 1 H), 2.97-2.96 (m, 1 H), 2.87 (ddd, J = 11.4, 5.7, 

1.4 Hz, 1 H), 2.75 (s, 3 H), 2.63 (dd, J = 11.7, 4.2 Hz, 1 H), 2.63-2.58 (m, 1 H), 2.50-2.47 (m, 1 

H), 2.43 (ddd, J = 12.0, 11.4, 3.5 Hz, 1 H), 2.43-2.34 (m, 1 H), 1.71-1.67 (m, 1 H), 1.37 (d, J = 

3.6 Hz, 3 H); 13C NMR (150 MHz) δ 139.8, 133.7, 130.4, 129.1, 128.3, 119.6, 77.0, 65.8, 60.2, 

54.1, 51.7, 47.4, 45.9, 35.0, 29.2, 21.3; IR (neat) 2920, 2757, 1114, 908, 731 cm-1; mass 

spectrum (ESI) m/z 337.0910 [C16H22
79BrN2O (M+1) requires 337.0916]; LCMS purity: 100%.   

 

Representative procedure for the formation of 13{1-3} via Suzuki cross-coupling: 

 
8,10-Dimethyl-2-phenyl-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-diaza-

cyclopenta[b]phenanthren-7-one (13{1}). A mixture of isoxazolidine 10 (1.0 g, 2.9 mmol), 

cesium carbonate (1.9 g, 5.7 mmol), phenylboronic acid (12{1}) (0.7 g, 5.7 mmol), and bis(tri-
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tert-butylphosphine)palladium(0) (15 mg, 0.03 mmol) in degassed 1,4-dioxane (14 mL) was 

heated at 90 °C for 3 h.  The reaction was cooled to room temperature, filtered through a pad of 

celite, and the filtrate was concentrated under reduced pressure. The resultant yellow oil was 

purified by flash column chromatography eluting with hexanes/EtOAc (1 : 2) to give 0.99 g 

(99%) of 13{1} as a fluffy colorless solid: mp 183-183.5 °C (colorless needles from 1 : 1 EtOH : 

H2O); 1H NMR (600 MHz) δ 7.57-7.55 (comp, 2 H), 7.46-7.43 (comp, 3 H), 7.37-7.34 (m, 1 H), 

7.37 (d, J = 1.2 Hz, 1 H), 7.24 (d, J = 7.8 Hz, 1 H), 4.87-4.82 (m, 1 H), 4.75 (dd, J = 12.0, 2.4 

Hz, 1 H), 4.37-4.32 (m, 1 H), 3.25-3.16 (m, 1 H), 2.94-2.80 (comp, 4 H), 2.70 (s, 3 H), 2.44 

(ddd, J = 13.2, 7.2, 2.4 Hz, 1 H), 1.71-1.65 (m, 1 H), 1.53 (d, J = 6.6 Hz, 3 H); 13C NMR (150 

MHz) δ 169.4, 140.6, 140.1, 136.0, 134.4, 129.3, 128.9, 127.5, 127.0, 125.8, 124.9, 76.4, 65.2, 

54.2, 53.5, 44.0, 38.7, 37.0, 29.0, 20.1; IR (neat) 3485, 1645, 1427 cm-1; mass spectrum (CI) m/z 

349.1911 [C22H25N2O2 (M+1) requires 349.1916]; LCMS purity: 97%.   

	  

2-(4-Methoxy-phenyl)-8,10-dimethyl-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-

diaza-cyclopenta[b]phenanthren-7-one (13{2}). Prepared according to the representative 

procedure for the formation of 13{1-3} via Suzuki cross-coupling. Purification: hexanes/EtOAc 

(35 : 65 → 0 : 100). Yield: 94% (0.30 g colorless solid). Data: mp 160-160.5 °C (colorless 

needles from 1 : 1 EtOH : H2O); 1H NMR (600 MHz) δ 7.49 (d, J = 9.0 Hz, 2 H), 7.40 (dd, J = 

7.8, 1.8 Hz, 1 H), 7.32 (d, J = 1.8 Hz, 1 H), 7.22 (d, J = 7.8 Hz, 1 H), 6.98 (d, J = 9.0 Hz, 2 H), 

4.83 (dd, J = 8.4, 2.4 Hz, 1 H), 4.74 (dd, J = 12.0, 1.8 Hz, 1 H), 4.36-4.32 (m, 1 H), 3.86 (s, 3 H), 

3.24-3.16 (m, 1 H), 2.93-2.78 (comp, 4 H), 2.70 (s, 3 H), 2.44 (ddd, J = 13.2, 7.2, 2.4 Hz, 1 H), 

1.71-1.64 (m, 1 H), 1.53 (d, J = 6.0 Hz, 3 H); 13C NMR (150 MHz) δ 169.4, 159.3, 139.7, 135.9, 

133.7, 133.1, 129.3, 128.0, 125.4, 124.4, 114.3, 76.4, 65.2, 55.4, 54.3, 53.5, 44.0, 38.7, 37.0, 

28.9, 20.1; IR (neat) 1643, 1495, 1425, 1247 cm-1; mass spectrum (CI) m/z 379.2019 [C23H-

27N2O3 (M+1) requires 379.2022]; LCMS purity: 97%.   
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2-(3-Fluoro-phenyl)-8,10-dimethyl-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-

diaza-cyclopenta[b]phenanthren-7-one (13{3}). Prepared according to the representative 

procedure for the formation of 13{1-3} via Suzuki cross-coupling. Purification: hexanes/EtOAc 

(35 : 65). Yield: Quantitative (51 mg colorless solid). Data: mp 140-141 °C (colorless needles 

from 1 : 1 EtOH : H2O); 1H NMR (600 MHz) δ 7.43-7.38 (comp, 2 H), 7.36-7.33 (comp, 2 H), 

7.27-7.24 (comp, 2 H), 7.05 (dddd, J = 8.4, 8.4, 2.4, 0.6 Hz, 1 H), 4.88-4.82 (m, 1 H), 4.75 (dd, J 

= 11.4, 1.2 Hz, 1 H), 4.36-4.32 (m, 1 H), 3.26-3.16 (m, 1 H), 2.94-2.81 (comp, 4 H), 2.71 (s, 3 

H), 2.44 (ddd, J = 13.2, 7.2, 2.4 Hz, 1 H), 1.71-1.65 (m, 1 H), 1.53 (d, J = 6.0 Hz, 3 H); 13C 

NMR (150 MHz) δ 169.4, 163.2 (JC-F = 244.8 Hz), 142.8 (JC-F = 7.5 Hz), 138.7 (JC-F = 2.3 Hz), 

136.2, 135.0, 130.3 (JC-F = 8.3 Hz), 129.5, 125.7, 124.8, 122.6 (JC-F = 2.9 Hz), 114.3 (JC-F = 21.3 

Hz), 113.9 (JC-F = 21.8 Hz), 76.4, 65.2, 54.2, 53.5, 44.0, 38.6, 37.0, 29.0, 20.1; IR (neat) 3467, 

1645, 1427 cm-1 ; mass spectrum (CI) m/z 367.1819 [C22H24FN2O2 (M+1) requires 367.1822]; 

LCMS purity: 98%.   

 

Representative procedure for the formation of 13{4-5} via Buchwald-Hartwig amination: 

	  

8,10-Dimethyl-2-morpholin-4-yl-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-

diaza-cyclopenta[b]phenanthren-7-one (13{4}). A mixture of Pd(OAc)2 (9.7 mg, 0.04 mmol) 

and biphenyl-2-yldi-tert-butylphosphine (12.8 mg, 0.04 mmol) in anhydrous toluene (0.5 mL) 

was stirred for 5 min at room temperature. The catalyst mixture was added to a solution of 10 

(0.3 g, 0.85 mmol), morpholine (12{4}) (90 µL, 1.03 mmol), and NaOt-Bu (0.12 g, 1.11 mmol) 

in anhydrous toluene (1.4 mL), and the reaction was heated at 100 °C for 3 h. The reaction 

mixture was then cooled to room temperature, filtered through a pad of celite, and the filtrate was 

concentrated under reduced pressure. The resultant yellow oil was purified by flash column 

chromatography eluting with EtOAc/MeOH (95 : 5) to give 0.31 g (Quantitative) of 13{4} as a 
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yellow solid: mp 63-64 °C (yellow crystals from 1 : 1 EtOH : H2O);  1H NMR (500 MHz) δ 7.08 

(d, J = 8.5 Hz, 1 H), 6.81 (dd, J = 8.5, 2.5 Hz, 1 H), 6.67 (d, J = 2.5 Hz, 1 H), 4.81-4.79 (m, 1 H), 

4.63 (dd, J = 12.0, 2.0 Hz, 1 H), 4.35-4.32 (m, 1 H), 3.87-3.85 (comp, 4 H), 3.19-3.10 (comp, 5 

H), 2.89-2.73 (comp, 3 H), 2.71-2.67 (comp, 4 H), 2.36 (ddd, J = 13.5, 7.5, 2.5 Hz, 1 H), 1.66-

1.59 (m, 1 H), 1.52 (d, J = 6.5 Hz, 3 H); 13C NMR (125 MHz) δ 169.3, 150.3, 136.2, 129.6, 

126.9, 115.0, 113.1, 76.5, 66.9, 65.1, 54.4, 53.4, 49.6, 44.0, 38.9, 37.1, 28.3, 20.1; IR (neat) 

2961, 2923, 2853, 1645, 1512, 1422, 1242, 1121 cm-1; mass spectrum (CI) m/z 358.2133 [C20H-

28N3O3 (M+1) requires 358.2131]; LCMS purity: 97%.   

	  

8,10-Dimethyl-2-(4-methyl-piperazin-1-yl)-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-

6a,10-diaza-cyclopenta[b]phenanthren-7-one (13{5}). Prepared according to the 

representative procedure for the formation of 13{4-5} via Buchwald-Hartwig amination 

Purification: EtOAc/MeOH (100 : 0 → 70 : 30 → 65 : 35) with 1% Et3N. Yield: 88% (0.93 g 

yellow solid). Data: mp 139-140 °C (yellow needles from 1 : 1 EtOH : H2O); 1H NMR (600 

MHz) δ 7.06 (d, J = 8.4 Hz, 1H), 6.82 (dd, J = 8.4, 2.4 Hz, 1 H), 6.68 (d, J = 2.4 Hz, 1 H), 4.80-

4.77 (m, 1 H), 4.63 (dd, J = 12.0, 1.2 Hz, 1 H), 4.35-4.30 (m, 1 H), 3.21-3.18 (comp, 5 H), 2.84-

2.75 (comp, 3 H), 2.70-2.66 (m, 1 H), 2.70 (s, 3 H), 2.59-2.57 (comp, 4 H), 2.38-2.31 (m, 1 H), 

2.36 (s, 3 H), 1.65-1.59 (m, 1 H), 1.52 (d, J = 6.6 Hz, 3 H); 13C NMR (150 MHz) δ 169.3, 150.3, 

136.1, 129.5, 126.5, 115.3, 113.4, 76.5, 65.2, 55.1, 54.4, 53.5, 49.4, 46.1, 44.1, 38.9, 37.0, 28.3, 

20.2; IR (neat) 3480, 1642, 1511, 1424, 1289, 1245 cm-1; mass spectrum (CI) m/z 371.2449 

[C21H31N4O2 (M+1) requires 371.2447]; LCMS purity: 100%. 

	  

8,10-Dimethyl-2-o-tolyloxy-5,6,7a,8,10,10a,11,11a-octahydro-9-oxa-6a,10-diaza-

cyclopenta[b]phenanthren-7-one (13{6}). A mixture of Pd(OAc)2 (31 mg, 0.14 mmol) and 

biphenyl-2-yldi-tert-butylphosphine (42 mg, 0.14 mmol) in anhydrous toluene (0.5 mL) was 

stirred for 5 min at room temperature. The catalyst mixture was added to a solution of 10 (1.0 g, 
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2.9 mmol), o-cresol (12{6}) (0.37 g, 0.35 mL, 3.4 mmol), and K3PO4 (1.2 g, 5.7 mmol) in 

anhydrous toluene (9.5 mL), and the reaction was heated at 100 °C for 17 h. The reaction 

mixture was then cooled to room temperature, filtered through a pad of celite, and the filtrate was 

concentrated under reduced pressure. The resultant yellow oil was purified by flash column 

chromatography eluting with hexanes/EtOAc (45 : 55 → 35 : 65) to give 0.62 g (57%) of 13{6} 

as a cream colored solid: mp 159-160 °C (colorless crystals from 1 : 1 EtOH : H2O); 1H NMR 

(500 MHz) δ 7.26 (dd, J = 7.5, 1.0 Hz, 1 H), 7.17 (ddd, J = 7.5, 7.5, 1.0 Hz, 1 H), 7.09-7.06 

(comp, 2 H), 6.88 (dd, J = 8.0, 0.5 Hz, 1 H), 6.77-6.73 (comp, 2 H), 4.83-4.76 (m, 1 H), 4.60 (dd, 

J = 12.0, 2.0 Hz, 1 H), 4.34-4.28 (m, 1 H), 3.20-3.11 (m, 1 H), 2.89-2.69 (comp, 4 H), 2.68 (s, 3 

H), 2.30 (ddd, J = 13.0, 7.0, 2.5 Hz, 1 H), 2.25 (s, 3 H), 1.66-1.59 (m, 1 H), 1.52 (d, J = 6.0 Hz, 3 

H); 13C NMR (125 MHz) δ 169.3, 156.6, 154.4, 137.0, 131.6, 130.1, 129.8, 129.2, 127.2, 124.1, 

119.4, 116.2, 114.8, 76.5, 65.0, 54.1, 53.4, 44.2, 38.9, 36.6, 28.5, 20.2, 16.2; IR (neat) 3436, 

1646, 1489, 1422, 1248 cm-1; mass spectrum (CI) m/z 379.2021 [C23H27N2O3 (M+1) requires 

379.2022] LCMS purity: 95%.   

 

Representative procedure for the formation of 14{1-6} via N,O-bond cleavage: 

	  

	   3-(1-Hydroxyethyl)-2-(methylamino)-10-phenyl-2,3,6,7-tetrahydro-1H-pyrido[2,1-

a]isoquinolin-4(11bH)-one (14{1}). A mixture of isoxazolidine 13{1} (1.0 g, 2.9 mmol) in 

anhydrous MeOH (57 mL) was added NiCl2·6H2O (1.3 g, 5.7 mmol), followed by NaBH4 (0.64 

g, 16.8 mmol). The black mixture was stirred for 3 h at room temperature, and the solvent was 

evaporated under reduced pressure. The resultant black residue was partitioned between CH2Cl2 

(50 mL) and concentrated NH4OH (50 mL). The biphasic mixture was stirred for 3 h at room 

temperature, and the layers were separated. The aqueous layer was extracted with CH2Cl2 (2 × 5 

mL), and the combined organic layers were dried (Na2SO4), filtered, and concentrated under 

reduced pressure. The resultant yellow gum was purified by flash column chromatography on 

Florisil® gel (Fisherbrand, 60-100 mesh) eluting with EtOAc/MeOH (7 : 3) with 1% Et3N to give 

0.88 g (87%) of 14{1} as a yellow solid: mp 161-163 °C; 1H NMR (500 MHz) δ 7.55-7.52 

(comp, 2 H), 7.45-7.41 (comp, 3 H), 7.37-7.32 (comp, 2 H), 7.21 (d, J = 7.5 Hz, 1 H), 4.81-4.70 
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(comp, 2 H), 4.29-4.24 (m, 1 H), 3.37-3.34 (m, 1 H), 2.97-2.88 (comp, 2 H), 2.82-2.75 (m, 1 H), 

2.63 (dd, J = 7.0, 5.0 Hz, 1 H), 2.60-2.55 (m, 1 H), 2.41 (s, 3 H), 2.12 (ddd, J = 13.5, 11.0, 9.5 

Hz, 1 H), 1.25 (d, J = 6.0 Hz, 3 H); 13C NMR (125 MHz) δ 169.6, 140.7, 139.9, 137.0, 133.7, 

129.4, 128.8, 127.4, 127.0, 125.8, 123.6, 66.9, 55.4, 54.6, 49.3, 39.6, 34.3, 33.9, 28.6, 21.4; IR 

(neat) 3314, 3053, 2926, 2850, 1637, 1486, 1434, 764, 735, 700 cm-1; mass spectrum (CI) m/z 

351.2074 [C22H27N2O2 (M+1) requires 351.2073]; LCMS purity: 95%. 

	  

	   3-(1-Hydroxyethyl)-10-(4-methoxyphenyl)-2-(methylamino)-2,3,6,7-tetrahydro-1H-

pyrido[2,1-a]isoquinolin-4(11bH)-one (14{2}). Prepared according to the representative 

procedure for the formation of 14{1-6} via N,O-bond cleavage. Purification: EtOAc/MeOH (100 

: 0 → 70 : 30) with 1% Et3N. Yield: 88% (221 mg yellow solid). Data: 1H NMR (400 MHz) δ 

7.50-7.48 (comp, 2 H), 7.41 (d, J = 8.0, 1.6 Hz, 1 H), 7.36-7.34 (m, 1 H), 7.22 (d, J = 8.0 Hz, 1 

H), 7.00-6.97 (comp, 2 H), 4.81-4.72 (comp, 2 H), 4.30 (ddd, J = 12.8, 6.4, 6.4, 1 H), 3.86 (s, 3 

H), 3.89 (ddd, J = 9.6, 4.8, 4.8 Hz, 1 H), 2.97-2.90 (comp, 2 H), 2.84-2.79 (m, 1 H), 2.65 (dd, J = 

6.8, 4.4 Hz, 1 H), 2.62-2.55 (m, 1 H), 2.43 (s, 3 H), 2.14 (ddd, J = 12.8, 10.8, 9.2 Hz, 1 H), 1.27 

(d, J = 6.4 Hz, 3 H). 

	  

	   10-(3-Fluorophenyl)-3-(1-hydroxyethyl)-2-(methylamino)-2,3,6,7-tetrahydro-1H-

pyrido[2,1-a]isoquinolin-4(11bH)-one (14{3}). Prepared according to the representative 

procedure for the formation of 14{1-6} via N,O-bond cleavage. Purification: EtOAc/MeOH (100 

: 0 → 70 : 30). Yield: 83% (255 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.44-7.32 (comp, 

4 H), 7.27-7.24 (comp, 2 H), 7.06 (dddd,  J = 8.4, 8.4, 2.4, 0.8 Hz, 1 H), 4.83-4.73 (comp, 2 H), 

4.29 (ddd, J = 12.8, 6.4, 6.4 Hz, 1 H), 3.40 (ddd, J = 9.6, 4.8, 4.8 Hz, 1 H), 2.98-2.93 (comp, 2 

H), 2.85-2.81 (m, 1 H), 2.66 (dd, J = 6.8, 4.0 Hz, 1 H), 2.63-2.55 (m, 1 H), 2.44 (s, 3 H), 2.14 

(ddd, J = 13.2, 10.8, 9.2 Hz, 1 H), 1.24 (d, J = 6.4 Hz, 3 H). 
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3-(1-Hydroxyethyl)-2-(methylamino)-10-morpholino-2,3,6,7-tetrahydro-1H-

pyrido[2,1-a]isoquinolin-4(11bH)-one (14{4}). Prepared according to the representative 

procedure for the formation of 14{1-6} via N,O-bond cleavage. Purification: EtOAc/MeOH (100 

: 0 → 80 : 20). Yield: 81% (204 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.08 (d, J = 8.4 

Hz, 1 H), 6.82 (dd, J = 8.4, 2.4 Hz, 1 H), 6.71 (d, J = 2.4 Hz, 1 H), 4.78-4.74 (m, 1 H), 4.64 (dd, 

J = 10.8, 6.0 Hz, 1 H), 4.32-4.25 (m, 1 H), 3.88-3.85 (comp, 4 H), 3.40-3.35 (m, 1 H), 3.19-3.13 

(comp, 4 H), 2.88-2.80 (comp, 2 H), 2.72-2.68 (m, 1 H), 2.63 (dd, J = 6.4, 4.4 Hz, 1 H), 2.53-

2.47 (m, 1 H), 2.43 (s, 3 H), 2.06 (ddd, J = 12.8, 10.8, 9.2 Hz, 1 H), 1.26 (d, J = 6.4 Hz, 3 H). 

	  

	   3-(1-Hydroxyethyl)-2-(methylamino)-10-(4-methylpiperazin-1-yl)-2,3,6,7-

tetrahydro-1H-pyrido[2,1-a]isoquinolin-4(11bH)-one (14{5}). Prepared according to the 

representative procedure for the formation of 14{1-6} via N,O-bond cleavage. Purification: 

EtOAc/MeOH (60 : 40) with 1% Et3N. Yield: 90% (1.0 g yellow gum). Data: 1H NMR (500 

MHz) δ 7.00 (d, J = 8.5 Hz, 1 H), 6.77 (dd, J = 8.5, 2.0 Hz, 1 H), 6.67 (d, J = 2.0 Hz, 1 H), 4.71-

4.65 (m, 1 H), 4.58 (dd, J = 10.5, 5.5 Hz, 1 H), 4.24-4.20 (m, 1 H), 3.34-3.29 (m, 1 H), 3.14-3.12 

(comp, 4 H), 2.84-2.73 (comp, 2 H), 2.67-2.62 (m, 1 H), 2.57 (dd, J = 6.5, 5.0 Hz, 1 H), 2.54-

2.52 (comp, 4 H), 2.47-2.44 (m, 1 H), 2.37 (s, 3 H), 2.30 (s, 3 H), 2.01 (ddd, J = 13.5, 11.0, 9.5 

Hz, 1 H), 1.21 (d, J = 6.5 Hz, 3 H); 13C NMR (125 MHz) δ 169.6, 150.1, 137.0, 129.5, 125.8, 

115.3, 112.4, 66.8, 55.3, 55.0, 54.6, 49.3, 49.2, 46.0, 39.7, 34.6, 33.9, 28.0, 21.3; IR (neat) 3410, 

2937, 2806, 1622, 1452, 1142, 1115, 1010, 793, 730 cm-1; mass spectrum (CI) m/z 373.2602 

[C21H33N4O2 (M+1) requires 373.2604]; LCMS purity: 96%. 
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	   3-(1-Hydroxyethyl)-2-(methylamino)-10-(o-tolyloxy)-2,3,6,7-tetrahydro-1H-

pyrido[2,1-a]isoquinolin-4(11bH)-one (14{6}). Prepared according to the representative 

procedure for the formation of 14{1-6} via N,O-bond cleavage. Purification: EtOAc/MeOH (70 : 

30). Yield: 92% (0.7 g yellow solid). Data: mp 55-56 °C (dec.); 1H NMR (500 MHz) δ 7.24-2.23 

(m, 1 H), 7.16-7.13 (m, 1 H), 7.06-7.04 (comp, 2 H), 6.85 (d, J = 8.0 Hz, 1 H), 6.75 (d, J = 2.0 

Hz, 1 H), 6.71 (dd, J = 8.0, 2.0 Hz, 1 H), 4.75-4.71 (m, 1 H), 4.60 (dd, J = 10.5, 6.0 Hz, 1 H), 

4.27-4.22 (m, 1 H), 3.31 (ddd, J = 9.0, 4.0, 4.0 Hz, 1H), 2.88-2.79 (comp, 2 H), 2.74-2.67 (m, 1 

H), 2.60 (dd, J = 7.0, 5.0 Hz, 1 H), 2.41-2.37 (comp, 4 H), 2.22 (s, 3 H), 2.07-2.00 (m, 1 H), 1.24 

(d, J = 6.0 Hz, 3 H); 13C NMR (125 MHz) δ 169.5, 156.5, 154.3, 137.9, 131.5, 130.1, 129.8, 

128.5, 127.2, 124.0, 119.3, 116.1, 113.8, 67.0, 55.4, 54.6, 49.3, 39.7, 34.0, 33.9, 28.2, 21.5, 16.1; 

IR (neat) 3435, 2920, 2850, 1637, 1436, 1281, 1114, 757, 734 cm-1; mass spectrum (CI) m/z 

381.2181 [C23H29N2O3 (M+1) requires 381.2178]. 

 

Representative procedure for the formation of amides: 

	  

 N-(3-(1-Hydroxyethyl)-10-(4-methoxyphenyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylpivalamide (16{2,1}). Pivaloyl chloride (15{1}) (11 

mg, 11 µL, 0.09 mmol) was added to a solution of 1,3-amino alcohol 14{2} (30 mg, 0.08 mmol) 

and triethylamine (9.6 mg, 13 µL, 0.10 mmol) in anhydrous CH2Cl2 (0.40 mL) at 0 °C, and the 

solution was stirred for 45 min at 0 °C. Saturated NaHCO3 (2 mL) and CH2Cl2
 (2 mL) were 

added and the layers were separated. The aqueous layer was extracted with CH2Cl2 (2 × 2 mL), 

and the organic layer was dried (Na2SO4), filtered, and concentrated under reduced pressure. The 

resultant yellow oil was purified by flash column chromatography eluting with EtOAc to give 28 

mg (76%) of 16{2,1} as a cream colored solid: 1H NMR (400 MHz) δ 7.49 (d, J = 8.8 Hz, 2 H), 

7.42 (dd, J = 7.6, 1.6 Hz, 1 H), 7.32 (d, J = 1.6 Hz, 1 H), 7.25 (d, J = 7.6 Hz, 1 H), 6.99 (d, J = 
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8.8 Hz, 2 H), 5.67 (ddd, J = 10.0, 5.2, 5.2 Hz, 1 H), 4.74-4.64 (comp, 2 H), 4.49-4.43 (m, 1 H), 

3.99-3.96 (m, 1 H), 3.86 (s, 3 H), 3.13-3.06 (m, 1 H), 2.98 (s, 3 H), 2.90-2.88 (comp, 2 H), 2.97 

(ddd, J = 14.8, 10.0, 4.4 Hz, 1 H), 2.58-2.53 (m, 1 H), 1.73 (ddd, J = 14.4, 12.0, 5.2 Hz, 1 H), 

1.44 (dd, J = 6.4 Hz, 3 H), 1.27 (s, 9 H); LCMS purity: 96%.  

	  

N-(10-(3-Fluorophenyl)-3-(1-hydroxyethyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylpivalamide (16{3,1}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc. Yield: 65% (40 mg 

colorless solid). Data: mp 203-204 °C (colorless crystals from 1 : 1 EtOH : H2O); 1H NMR (600 

MHz) δ 7.44 (dd, J = 7.8, 1.8 Hz, 1 H), 7.41 (ddd, J = 7.8, 7.8, 6.0 Hz, 1 H), 7.36 (d, J = 1.8 Hz, 

1 H), 7.33 (ddd, J = 7.8, 1.8, 1.2 Hz, 1 H), 7.29 (d, J = 7.8 Hz, 1H), 7.25 (ddd, J = 10.2, 2.4, 1.8 

Hz, 1 H), 7.08-7.04 (m, 1 H), 5.67 (ddd, J = 9.6, 6.0, 6.0 Hz, 1 H), 4.73 (dd, J = 12.0, 4.2 Hz, 1 

H), 4.67 (ddd, J = 8.4, 8.4, 4.2 Hz, 1 H), 4.40 (d, J = 2.4 Hz, 1 H), 4.00-3.96 (m, 1 H), 3.11 (ddd, 

J = 13.2, 9.0, 6.0 Hz, 1 H), 2.99 (s, 3 H), 2.93-2.91 (comp, 2 H), 2.70 (ddd, J = 15.0, 10.2, 4.8 

Hz, 1 H), 2.57-2.55 (m, 1 H), 1.73 (ddd, J = 15.0, 12.0, 6.0 Hz, 1 H), 1.44 (d, J = 6.0 Hz, 3 H), 

1.27 (s, 9 H); 13C NMR (150 MHz) δ 180.0, 171.6, 163.2 (JC-F = 244.8 Hz), 142.7 (JC-F = 7.7 

Hz), 139.0 (JC-F = 2.1 Hz), 135.8, 134.7, 130.4 (JC-F = 8.6 Hz), 129.5, 126.0, 124.9, 122.6 (JC-F = 

2.9 Hz), 114.4 (JC-F = 21.2 Hz), 113.9 (JC-F = 21.7 Hz), 64.7, 53.3, 51.3, 48.3, 39.5, 38.1, 36.6, 

31.8, 29.0, 28.3, 21.2; IR (neat) 3377, 2970, 2244, 1649, 1613, 1481, 1406, 1093, 732 cm-1; mass 

spectrum (CI) m/z 453.2549  [C27H34FN2O3 (M+1) requires 453.2553]; LCMS purity: 96%. 

 
N-(3-(1-Hydroxyethyl)-10-morpholino-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylpivalamide (16{4,1}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc/MeOH (100 : 0 → 90 

: 10). Yield: 67% (20 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.11 (d, J = 8.8 Hz, 1 H), 
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6.82 (dd, J = 8.8, 2.8 Hz, 1 H), 6.66 (d, J = 2.8 Hz, 1 H), 5.69-5.64 (m, 1 H), 4.66-4.58 (comp, 2 

H), 4.46-4.40 (m, 1 H), 3.98-3.96 (m, 1 H), 3.88-3.86 (comp, 4 H), 3.14-3.12 (comp, 4 H), 3.04-

2.96 (m, 1 H), 2.96 (s, 3 H), 2.79-2.78 (comp, 2 H), 2.62 (ddd, J = 14.0, 9.6, 4.0 Hz, 1 H), 2.52-

2.48 (m, 1 H), 1.66 (ddd, J = 14.4, 12.0, 5.2 Hz, 1 H), 1.43 (d, J = 6.4 Hz, 3 H), 1.27 (s, 9 H). 

	  

 N-(3-(1-Hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-2-methoxy-N-methylacetamide (16{1,2}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc/MeOH (100 : 0 → 90 

: 10). Yield: 64% (26 mg colorless solid). Data: mp 93-94 °C; 1H NMR (400 MHz) δ 7.56-7.55 

(comp, 2 H), 7.48-7.44 (comp, 3 H), 7.40-7.36 (comp, 2 H), 7.28 (d, J = 8.0 Hz, 1 H), 5.66-5.60 

(m, 1 H), 4.74 (dd, J = 12.0, 4.4 Hz, 1 H), 4.66 (ddd, J = 12.8, 4.0, 4.0 Hz, 1 H), 4.26 (d, J = 3.2 

Hz, 1 H), 4.07 (s, 3 H), 3.42 (s, 3 H), 3.13 (ddd, J = 14.0, 13.2, 6.8 Hz, 1 H), 2.93-2.90 (comp, 2 

H), 2.83 (s, 3 H), 2.76 (ddd, J = 14.8, 10.4, 4.8 Hz, 1 H), 2.57-2.55 (m, 1 H), 1.74 (ddd, J = 14.8, 

11.6, 4.8 Hz, 1 H), 1.42 (d, J = 6.0 Hz, 3 H); 13C NMR (125 MHz) δ 171.4, 171.0, 140.4, 140.3, 

135.3, 133.5, 129.3, 128.9, 127.6, 127.0, 126.1, 124.8, 71.3, 64.5, 59.2, 53.1, 50.8, 46.9, 38.1, 

36.5, 29.7, 28.9, 20.8; IR (neat) 3433, 2929, 1647, 1412, 1103, 732 cm-1; mass spectrum (CI) m/z 

423.2275 [C25H31N2O4 (M+1) requires 423.2284]; LCMS purity: 94%.  

	  

	   N-(3-(1-Hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-2-methoxy-N-methylacetamide (16{5,2}). Prepared 

according to the representative procedure for the formation of amides. Purification: 

EtOAc/MeOH (60 : 40) with 1% Et3N. Yield: 84% (33 mg yellow solid). Data: mp 84-85 °C; 1H 

NMR (600 MHz) δ 7.09 (d, J = 8.4 Hz, 1 H), 6.84 (dd, J = 8.4, 2.4 Hz, 1 H), 6.67 (d, J = 2.4 Hz, 

1 H), 5.62-5.60 (m, 1 H), 4.63-4.58 (comp, 2 H), 4.07 (s, 3 H), 3.41 (s, 3 H), 3.19-3.17 (comp, 4 

H), 3.03 (ddd, J = 12.6, 8.4, 6.6 Hz, 1 H), 2.81 (s, 3 H), 2.79-2.76 (comp, 3 H), 2.67 (ddd, J = 
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15.0, 10.2, 4.8 Hz, 1 H), 2.60-2.58 (comp, 4 H), 2.51-2.49 (m, 1 H), 2.36 (s, 3 H), 1.67 (ddd, J = 

15.0, 12.0, 5.4 Hz, 1 H), 1.41 (d, J = 6.0 Hz, 3 H); 13C NMR (150 MHz) δ 171.4, 171.0, 150.5, 

135.5, 129.5, 125.5, 115.4, 113.4, 71.4, 64.6, 59.2, 55.0, 53.3, 50.8, 49.2, 46.8, 46.1, 38.4, 36.7, 

29.7, 28.3, 20.8; IR (neat) 3411, 2935, 2822, 1648, 1424, 1247, 1104, 731 cm-1; mass spectrum 

(ESI) m/z 445.2811 [C24H37N4O4 (M+1) requires 445.2815]; LCMS purity: 96%. 

	  

N-(3-(1-Hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-2-methoxy-N-methylacetamide (16{6,2}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc/MeOH (100 : 0 → 90 

: 10). Yield: 79% (31 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.28-7.26 (m, 1 H), 7.20-

7.16 (m, 1 H), 7.14-7.08 (comp, 2 H), 6.88 (dd, J = 8.0, 1.2 Hz, 1 H), 6.79 (dd, J = 8.4, 2.4 Hz, 1 

H), 6.66 (d, J = 2.4 Hz, 1 H), 5.60-5.54 (m, 1 H), 4.64-4.55 (comp, 2 H), 4.19 (d, J = 2.8 Hz, 1 

H), 4.06 (s, 3 H), 3.42 (s, 3 H), 3.07 (ddd, J = 14.8, 8.4, 8.4 Hz, 1 H), 2.84-2.81 (comp, 5 H), 

2.59 (ddd, J = 14.8, 10.0, 4.4 Hz, 1 H), 2.49-2.46 (m, 1 H), 2.23 (s, 3 H), 1.66 (ddd, J = 14.8, 

12.0, 5.2 Hz, 1 H), 1.39 (d, J = 6.0 Hz, 3 H); LCMS purity: 97%. 

	  

N-(3-(1-Hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (16{1,3}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc. Yield: 44% (20 mg 

yellow solid). Data: mp 98-100 °C; 1H NMR (500 MHz) δ 7.57-7.55 (comp, 2 H), 7.49-7.44 

(comp, 4 H), 7.39-7.36 (comp, 2 H), 7.29 (d, J = 8.0 Hz, 1 H), 7.05 (d, J = 3.5 Hz, 1 H), 6.48 

(dd, J = 3.5, 2.0 Hz, 1 H), 5.71-5.61 (m, 1 H), 4.77 (dd, J = 12.0, 4.5 Hz, 1 H), 4.72-4.68 (m, 1 

H), 4.14-4.11 (m, 1 H), 3.13-3.09 (comp, 2 H), 2.95-2.92 (comp, 2 H), 2.80 (ddd, J = 14.5, 10.0, 

4.5 Hz, 1 H), 2.66-2.63 (m, 1 H), 2.17 (s, 3 H), 1.86 (ddd, J = 14.5, 12.0, 5.5 Hz, 1 H), 1.45 (d, J 

= 6.5 Hz, 3 H); 13C NMR (125 MHz) δ 171.3, 161.8, 144.5, 140.4, 140.3, 135.4, 133.7, 129.3, 
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128.9, 127.6, 127.0, 126.1, 124.9, 117.9, 111.5, 64.7, 53.4, 51.0, 48.3, 38.2, 36.8, 32.1, 30.9, 

29.0, 21.2; IR (neat) 3417, 2932, 1647, 1487, 1409, 1070, 887, 834, 762, 734, 699 cm-1; mass 

spectrum (ESI) m/z 445.2125 [C27H30N2O4 (M+1) requires 445.2127]; LCMS purity: 95%. 

	  

 N-(3-(1-Hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (16{5,3}). Prepared 

according to the representative procedure for the formation of amides. Purification: 

EtOAc/MeOH (60 : 40) with 1% Et3N. Yield: 85% (39 mg yellow oil). Data: 1H NMR (400 

MHz) δ 7.49 (dd, J = 1.6, 0.8 Hz, 1 H), 7.10 (d, J = 8.4 Hz, 1 H), 7.04 (d, J = 3.2 Hz, 1 H), 6.84 

(dd, J = 8.4, 2.4 Hz, 1 H), 6.70 (d, J = 2.4 Hz, 1 H), 6.48 (dd, J = 3.6, 1.6 Hz, 1 H), 5.65-5.63 (m, 

1 H), 4.67-4.62 (comp, 2 H), 4.15-4.08 (m, 1 H), 3.22-3.20 (comp, 4 H), 3.12-2.99 (comp, 4 H), 

2.82-2.78 (comp, 2 H), 2.72 (ddd, J = 14.4, 10.0, 4.4 Hz, 1 H), 2.65-2.58 (comp, 5 H), 2.39 (s, 3 

H), 1.79 (ddd, J = 14.4, 12.0, 5.6 Hz, 1 H), 1.43 (d, J = 6.4 Hz, 3 H); LCMS purity: 95%. 

	  

N-(3-(1-Hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (16{6,3}). Prepared according to the 

representative procedure for the formation of amides. Purification: EtOAc. Yield: 69% (31 mg 

yellow oil). Data: 1H NMR (400 MHz) δ 7.49 (dd, J = 2.0, 0.8 Hz, 1 H), 7.28-7.26 (m, 1 H), 

7.20-7.07 (comp, 3 H), 7.04 (d, J = 3.2 Hz, 1 H), 6.89 (dd, J = 8.0, 1.2 Hz, 1 H), 6.79 (dd, J = 

8.4, 2.4 Hz, 1 H), 6.69 (d, J = 2.4 Hz, 1 H), 6.48 (dd, J = 3.6, 1.6 Hz, 1 H), 5.68-5.55 (m, 1 H), 

4.65 (ddd, J = 12.8, 4.0, 4.0 Hz, 1 H), 4.60 (dd, J = 12.0, 4.4 Hz, 1 H), 4.13-4.09 (m, 1 H), 3.09-

3.04 (comp, 4 H), 2.85-2.82 (comp, 2 H), 2.64 (ddd, J = 14.8, 10.0, 4.4 Hz, 1 H), 2.58-2.54 (m, 1 

H), 2.28 (s, 3 H), 1.79 (ddd, J = 14.8, 12.4, 6.0 Hz, 1 H), 1.42 (d, J = 6.0 Hz, 3 H); LCMS purity: 

91%. 
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N-(3-(1-Hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylnicotinamide (16{1,4}). Prepared according to the representative 

procedure for the formation of amides with the following modification: 2.2 equivalents of Et3N 

were used, rather than 1.2 equivalents. Purification: EtOAc/MeOH (90 : 10) with 1% Et3N. 

Yield: 81% (38 mg yellow solid). Data: mp 130-132 °C; 1H NMR (400 MHz) δ 8.66-8.64 (comp, 

2 H), 7.75 (d, J = 7.6 Hz, 1 H), 7.56 (d, J = 7.2 Hz, 2 H), 7.50-7.45 (comp, 3 H), 7.40-7.28 

(comp, 4 H), 5.77-5.75 (m, 1 H), 4.78-4.76 (m, 1 H), 4.69-4.66 (m, 1 H), 4.35-4.33 (m, 1 H), 

4.34-4.32 (m, 1 H), 3.14-3.08 (m, 1 H), 2.97-2.88 (comp, 3 H), 2.85 (s, 3 H), 2.67-2.64 (m, 1 H), 

1.86-1.78 (m, 1 H), 1.45 (d, J = 6.4 Hz, 3 H); 13C NMR (125 MHz) δ 171.8, 170.4, 150.9, 147.9, 

140.4, 140.3, 135.2, 134.8, 133.5, 131.9, 129.3, 128.9, 127.6, 127.0, 126.1, 124.8, 123.3, 64.9, 

53.2, 49.8, 46.8, 38.2, 37.0, 33.3, 28.9, 20.5; IR (neat) 3419, 2932, 1634, 1486, 1409, 1073, 765, 

733, 700 cm-1; mass spectrum (ESI) m/z 456.2280 [C28H31N3O3 (M+1) requires 456.2287]; 

LCMS purity: 94%. 

	  

N-(3-(1-Hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-N-methylnicotinamide (16{5,4}). Prepared according to the 

representative procedure for the formation of amides, with the following modification: 2.2 

equivalents of Et3N were used, rather than 1.2 equivalents. Purification: EtOAc/MeOH (55 : 45) 

with 1% Et3N. Yield: 99% (47 mg yellow oil). Data: 1H NMR (400 MHz) δ 8.65-8.63 (comp, 2 

H), 7.77-7.75 (m, 1 H), 7.33 (ddd, J = 7.6, 4.8, 0.8 Hz, 1 H), 7.10 (d, J = 8.0 Hz, 1 H), 6.85 (dd, J 

= 8.4, 2.4 Hz, 1 H), 6.72-6.70 (m, 1 H), 5.76-5.74 (m, 1 H), 4.66-4.62 (comp, 2 H), 4.34-4.32 (m, 

1 H), 3.22-3.19 (comp, 4 H), 3.02-2.96 (comp, 2 H), 2.83-2.79 (comp, 5 H), 2.62-2.59 (comp, 5 

H), 2.37 (s, 3 H), 1.79-1.76 (m, 1 H), 1.44-1.43 (comp, 3 H); LCMS purity: 94%. 
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N-(3-(1-Hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylnicotinamide (16{6,4}). Prepared according to the representative 

procedure for the formation of amides, with the following modification: 2.2 equivalents of Et3N 

were used, rather than 1.2 equivalents. Purification: EtOAc/MeOH (90 : 10). Yield: 80% (37 mg 

yellow solid). Data: 1H NMR (400 MHz) δ 8.65-8.64 (comp, 2 H), 7.77-7.75 (m, 1 H), 7.33 (ddd, 

J = 7.6, 4.8, 0.8 Hz, 1 H), 7.29-7.26 (m, 1 H), 7.22-7.18 (m, 1 H), 7.14-7.09 (comp, 2 H), 6.90 

(dd, J = 8.0, 0.8 Hz, 1H), 6.81-6.79 (m, 1 H), 6.72-6.67 (m, 1 H), 5.73-5.68 (m, 1 H), 4.67-4.64 

(m, 1 H), 4.60-4.58 (m, 1 H), 4.32-4.29 (comp, 2 H), 3.05-3.02 (m, 1 H), 2.97-2.93 (m, 1 H), 

2.83 (s, 3 H), 2.76-2.70 (m, 1 H), 2.58-2.54 (m, 1 H), 2.42 (s, 3 H), 1.76-1.69 (m, 1 H), 1.42 (d, J 

= 6.0 Hz, 3 H); LCMS purity: 90%. 

	  

4-Cyano-N-(3-(1-hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzamide (16{1,5}). Prepared according to the 

representative procedure for the formation of amides, with the following modifications: Upon 

addition of the p-cyanobenzoyl chloride to the reaction mixture, the reaction was stirred for 48 h 

at room temperature rather than for 3 h at 0 °C. After stirring for 24 h at room temperature, an 

extra 0.5 equivalent of p-cyanobenzoyl chloride was added. Purification: EtOAc/MeOH (100 : 0 

→ 90 : 10). Yield: 74% (31 mg colorless solid). Data: mp 100-101 °C; 1H NMR (400 MHz) δ 

7.68 (d, J = 8.0 Hz, 2 H), 7.57-7.55 (comp, 2 H), 7.52-7.45 (comp, 6 H), 7.42-7.37 (m, 1 H), 

7.30-7.28 (m, 1 H), 5.79-5.75 (m, 1 H), 4.75 (dd, J = 12.8, 4.8 Hz, 1 H), 4.70-4.67 (m, 1 H), 

4.41-4.38 (m, 1 H), 4.29-4.23 (m, 1 H), 3.16-3.09 (m, 1 H), 2.97-2.91 (comp, 3 H), 2.78 (s, 3 H), 

2.65-2.62 (m, 1 H), 1.83-1.76 (m, 1 H), 1.44 (d, J = 6.0 Hz, 3 H); 13C NMR (125 MHz) δ 171.0, 

169.8, 139.4, 139.4, 139.3, 134.2, 132.4, 131.4, 128.4, 127.9, 126.7, 126.6, 126.0, 125.2, 123.8, 
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117.1, 112.6, 64.0, 52.2, 48.4, 45.4, 37.3, 36.2, 32.1, 27.9, 19.2; IR (neat) 3430, 2918, 1634, 

1410, 1068, 912, 732 cm-1; mass spectrum (CI) m/z 480.2289 [C30H30N3O3 (M+1) requires 

480.2287]; LCMS purity: 96%. 

	  

4-Cyano-N-(3-(1-hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzamide (16{5,5}). Prepared 

according to the representative procedure for the formation of amides, with the following 

modifications: Upon addition of the p-cyanobenzoyl chloride to the reaction mixture, the 

reaction was stirred for 48 h at room temperature rather than for 3 h at 0 °C. After stirring for 24 

h at room temperature, an extra 0.5 equivalent of p-cyanobenzoyl chloride was added. 

Purification: EtOAc/MeOH (60 : 40) with 1% Et3N. Yield: 89% (32 mg colorless solid). Data: 
1H NMR (400 MHz) δ 7.68 (d, J = 8.0 Hz, 2 H), 7.51 (d, J = 8.0 Hz, 2 H), 7.09 (d, J = 8.4 Hz, 1 

H), 6.84 (dd, J = 8.4, 2.0 Hz, 1 H), 6.70 (d, J = 2.0 Hz, 1 H), 5.77-5.72 (m, 1 H), 4.65-4.59 

(comp, 2 H), 4.40-4.37 (m, 1 H), 3.28-3.22 (comp, 4 H), 3.04-3.00 (m, 1 H), 2.86-2.75 (comp, 6 

H), 2.69-2.63 (comp, 4 H), 2.60-2.57 (m, 1 H), 2.42 (s, 3 H), 1.74-1.66 (m, 1H), 1.41 (d, J = 6.4 

Hz, 3 H); LCMS purity: 95%. 

	  

4-Cyano-N-(3-(1-hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzamide (16{6,5}). Prepared according to the 

representative procedure for the formation of amides, with the following modifications: Upon 

addition of the p-cyanobenzoyl chloride to the reaction mixture, the reaction was stirred for 48 h 

at room temperature rather than for 3 h at 0 °C. After stirring for 24 h at room temperature, an 

extra 0.5 equivalent of p-cyanobenzoyl chloride was added. Purification: EtOAc/MeOH (90 : 
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10). Yield: 88% (32 mg colorless solid). Data: mp 126-127 °C; 1H NMR (500 MHz) δ 7.68 (d, J 

= 8.5 Hz, 2 H), 7.51 (d, J = 8.5 Hz, 1 H), 7.29-7.27 (m, 1 H), 7.21-7.18 (m, 1 H), 7.14-7.10 

(comp, 2 H), 6.90 (d, J = 8.0 Hz, 1 H), 6.80 (dd, J = 8.0, 2.5 Hz, 1 H), 6.67 (d, J = 2.5 Hz, 1 H), 

5.72-5.68 (m, 1 H), 4.67-4.62 (m, 1 H), 4.58-4.56 (m, 1 H), 4.39-4.35 (m, 1 H), 4.21-4.20 (m, 1 

H), 3.08-3.03 (m, 1 H), 2.86-2.80 (comp, 2 H), 2.76 (s, 3 H), 2.75-2.70 (m, 1 H), 2.56-2.54 (m, 1 

H), 2.24 (s, 3 H), 1.72-1.66 (m, 1 H), 1.40 (d, J = 6.5 Hz, 3 H); 13C NMR (125 MHz) δ 172.0, 

170.7, 157.2, 154.0, 140.4, 136.1, 132.4, 131.7, 130.2, 130.1, 128.1, 127.6, 127.3, 124.5, 119.9, 

118.1, 116.4, 114.3, 113.6, 65.0, 53.0, 49.3, 46.2, 38.4, 37.1, 33.1, 28.4, 20.1, 16.2; IR (neat) 

3431, 2932, 2231, 1638, 1488, 1410, 1251, 731 cm-1; mass spectrum (ESI) m/z 510.2386 

[C31H32N3O4 (M+1) requires 510.2393]; LCMS purity: 92%. 

 

Representative procedure for the formation of sulfonamides: 

	  

N-(3-(1-Hydroxyethyl)-10-(4-methoxyphenyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzenesulfonamide (16{2,6}). Phenyl sulfonyl 

chloride (15{6}) (22 mg, 16 µL, 0.12 mmol) was added to a solution of 1,3-amino alcohol 14{2} 

(43 mg, 0.11 mmol) and Et3N (14 mg, 19 µL, 0.14 mmol) in anhydrous CH2Cl2 (0.6 mL), and 

was stirred for 2 h at room temperature. Saturated NaHCO3 (5 mL) and CH2Cl2 (5 mL) were 

added, and the layers were separated. The aqueous layer was extracted with CH2Cl2 (2 × 5 mL), 

and the organic layer was dried (Na2SO4), filtered, and concentrated under reduced pressure. The 

resultant yellow oil was purified by flash column chromatography eluting with EtOAc to give 38 

mg (64%) of 16{2,6} as a yellow solid: 1H NMR (400 MHz) δ 7.80-7.77 (comp, 2 H), 7.54-7.46 

(comp, 3 H), 7.43 (d, J = 8.8 Hz, 2 H), 7.38 (dd, J = 7.6, 1.6 Hz, 1 H), 7.19 (d, J = 7.6 Hz, 1 H), 

7.10 (d, J = 1.6 Hz, 1 H), 7.00 (d, J = 8.8 Hz, 2 H), 5.03-4.97 (m, 1 H), 4.60-4.54 (comp, 2 H), 

4.31 (ddd, J = 8.4, 6.0, 4.4 Hz, 1 H), 3.87 (s, 3 H), 3.71 (d, J = 4.0 Hz, 1 H), 3.07-3.01 (m, 1 H), 

2.82-2.79 (m, 1 H), 2.75 (s, 3 H), 2.51 (dd, J = 8.4, 6.8 Hz, 1 H), 2.16 (ddd, J = 14.8, 10.0, 4.4 

Hz, 1 H), 1.50 (d, J = 6.0 Hz, 3 H), 1.33-1.24 (m, 1 H); LCMS purity: 92%. 
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N-(10-(3-Fluorophenyl)-3-(1-hydroxyethyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzenesulfonamide (16{3,6}). Prepared according to 

the representative procedure for the formation of sulfonamides. Purification: EtOAc. Yield: 92% 

(64 mg yellow solid). Data: mp 194-195.5o C (colorless needles from 1 : 1 EtOH : H2O); 1H 

NMR (400 MHz) δ 8.07-8.04 (m, 1 H), 7.82-7.79 (comp, 2 H), 7.77-7.74 (m, 1 H), 7.66-7.63 (m, 

1 H), 7.58-7.54 (m, 1 H), 7.52-7.47 (m, 1 H), 7.42-7.39 (m, 1 H), 7.29-7.26 (m, 1 H), 7.17 (ddd, 

J = 10.4, 2.4, 2.0 Hz, 1 H), 7.11 (d, J = 1.2 Hz, 1 H), 7.08 (dddd, J = 8.4, 8.4, 2.8, 1.2 Hz, 1 H), 

5.00 (ddd, J = 10.0, 5.6, 5.6 Hz, 1 H), 4.59-4.50 (comp, 2 H), 4.33-4.30 (m, 1 H), 3.69 (d, J = 3.2 

Hz, 1 H), 3.09 (ddd, J = 14.0, 10.0, 4.4 Hz, 1 H), 2.84-2.79 (comp, 2 H), 2.75 (s, 3 H), 2.54-2.50 

(m, 1 H), 2.17 (ddd, J = 14.4, 10.0, 4.4 Hz, 1 H), 1.50 (d, J = 6.4 Hz, 3 H), 1.28 (ddd, J = 14.8, 

12.0, 5.6 Hz,1 H); 13C NMR (100 MHz) δ 170.6, 163.2 (JC-F = 244.7 Hz), 142.6 (JC-F = 7.5 Hz), 

138.9, 135.3, 134.5, 133.2, 130.4 (JC-F = 8.1 Hz), 129.7, 129.5, 129.4, 127.0 (JC-F = 5.9 Hz), 

126.0, 124.6, 122.5, 114.4 (JC-F = 20.8 Hz), 113.8 (JC-F = 22.3 Hz), 64.5, 52.9, 51.5, 50.8, 38.1, 

34.6, 29.6, 29.0, 21.7; IR (neat) 3517, 2934, 1654, 1421, 1331, 1159, 736 cm-1; mass spectrum 

(CI) m/z 509.1917 [C28H30FN2O4S (M+1) requires 509.1910]; LCMS purity: 92%. 

	  

N-(3-(1-Hydroxyethyl)-10-morpholino-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylbenzenesulfonamide (16{4,6}). Prepared according to 

the representative procedure for the formation of sulfonamides. Purification: EtOAc. Yield: 61% 

(30 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.80-7.78 (comp, 2 H), 7.56-7.55 (comp, 3 

H), 7.05 (d, J = 8.4 Hz, 1 H), 6.78 (dd, J = 8.4, 2.4 Hz, 1 H), 6.46 (d, J = 2.4 Hz, 1 H), 4.99 (ddd, 

J = 10.0, 5.6, 5.6 Hz, 1 H), 4.55 (ddd, J = 12.4, 3.6, 3.6 Hz, 1 H), 4.45 (dd, J = 12.0, 4.4 Hz, 1 

H), 4.29 (ddd, J = 8.4, 6.0, 4.4 Hz, 1 H), 3.88-3.88 (comp, 4 H), 3.68 (d, J = 4.4 Hz, 1 H), 3.09-

3.06 (comp, 4 H), 2.98-2.91 (m, 1 H), 2.73 (s, 3 H), 2.71-2.69 (m, 1 H), 2.47 (dd, J = 8.0, 7.2 Hz, 

N
H

H

H

16{3,6}

OH

Me

N
S Me

OF

O O

N
N

H

H

H

16{4,6}

OH

Me

N
S Me

O

O

OO



S21	  
	  

1 H), 2.12 (ddd, J = 14.4, 10.0, 4.0 Hz, 1 H), 1.49 (d, J = 5.6 Hz, 3 H), 1.27 (ddd, J = 14.4, 12.0, 

5.2 Hz, 1 H). 

	  

N-(3-(1-Hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-4-methoxy-N-methylbenzenesulfonamide (16{1,7}). Prepared according 

to the representative procedure for the formation of sulfonamides. Purification: pentane/EtOAc 

(45 : 55). Yield: 78% (36 mg colorless solid). Data: 1H NMR (400 MHz) δ 7.73-7.69 (comp, 2 

H), 7.52-7.36 (comp, 6 H), 7.23 (d, J = 8.0 Hz, 1 H), 7.16 (d, J = 1.2 Hz, 1 H), 6.95-6.91 (comp, 

2 H), 5.01-4.95 (m, 1 H), 4.60-4.52 (comp, 2 H), 4.33-4.29 (m, 1 H), 3.76 (s, 3 H), 3.76-3.72 (m, 

1 H), 3.08 (ddd, J = 14.4, 10.0, 4.4 Hz, 1 H), 2.86-2.79 (comp, 2 H), 2.72 (s, 3 H), 2.53-2.49 (m, 

1 H), 2.17 (ddd, J = 14.4, 10.0, 4.4 Hz, 1 H), 1.50 (d, J = 6.0 Hz, 3 H), 1.30 (ddd, J = 14.4, 12.0, 

5.2 Hz, 1 H); LCMS purity: 96%. 

	  

N-(3-(1-Hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-4-methoxy-N-methylbenzenesulfonamide (16{5,7}). 

Prepared according to the representative procedure for the formation of sulfonamides. 

Purification: EtOAc/MeOH (65 : 35) with 1% Et3N. Yield: 55% (25 mg yellow solid). Data: 1H 

NMR (300 MHz) δ 7.69 (d, J = 9.0 Hz, 2 H), 7.03 (d, J = 8.4 Hz, 1 H), 6.92 (d, J = 9.0 Hz, 2 H), 

6.78 (dd, J = 8.4, 2.1 Hz, 1 H), 6.50 (d, J = 2.1 Hz, 1 H), 5.00-4.93 (m, 1 H), 4.55-4.42 (comp, 2 

H), 4.33-4.24 (m, 1 H), 3.83 (s, 3 H), 3.14-3.12 (comp, 4 H), 2.99-2.90 (m 1 H), 2.69 (s, 3 H), 

2.69-2.60 (comp, 2 H), 2.59-2.57 (comp, 4 H), 2.48-2.43 (m, 1 H), 2.37 (s, 3 H), 2.13 (ddd, J = 

14.4, 10.2, 4.5 Hz, 1 H), 1.47 (d, J = 6.0 Hz, 3 H), 1.32-1.21 (m, 1 H); LCMS purity: 98%. 
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N-(3-(1-Hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-4-methoxy-N-methylbenzenesulfonamide (16{6,7}). Prepared according 

to the representative procedure for the formation of sulfonamides. Purification: pentane/EtOAc 

(3 : 7). Yield: 75% (34 mg colorless solid). Data: mp 198-199 °C; 1H NMR (500 MHz) δ 7.68 (d, 

J = 9.0 Hz, 2 H), 7.26-7.25 (m, 1 H), 7.18-7.15 (m, 1 H), 7.08 (ddd, J = 7.5, 7.5, 1.0 Hz, 1 H), 

7.04 (d, J = 8.0 Hz, 1 H), 6.92 (d, J = 9.0 Hz, 2 H), 6.80 (dd, J = 8.0, 1.0 Hz, 1 H), 6.70 (dd, J = 

8.5, 2.5 Hz, 1 H), 6.49 (d, J = 2.5 Hz, 1 H), 4.89 (ddd, J = 10.0, 6.5, 5.5 Hz, 1 H), 4.54 (ddd, J = 

13.0, 4.5, 4.5 Hz, 1 H), 4.40 (dd, J = 13.0, 4.5 Hz, 1 H), 4.26 (ddd, J = 8.5, 6.0, 4.0 Hz, 1 H), 

3.83 (s, 3 H), 3.65 (d, J = 4.0 Hz, 1 H), 2.99-2.93 (m, 1 H), 2.76-2.65 (comp, 2 H), 2.68 (s, 3 H), 

2.42-2.39 (m, 1 H), 2.18 (s, 3 H), 2.01 (ddd, J = 14.0, 10.0, 4.0 Hz, 1 H), 1.45 (d, J = 6.0 Hz, 3 

H), 1.25-1.19 (m, 1 H);13C NMR (125 MHz) δ 170.6, 163.2, 156.8, 154.1, 136.1, 131.6, 130.2, 

130.0, 129.8, 129.2, 128.4, 127.2, 124.4, 119.5, 116.2, 114.6, 114.5, 64.5, 55.6, 52.8, 51.5, 50.5, 

38.2, 34.7, 29.5, 28.5, 21.6, 16.1; IR (neat) 3519, 2933, 1650, 1596, 1497, 1418, 1332, 1257, 

1185, 1153, 1092, 730 cm-1; mass spectrum (CI) m/z 551.2217 [C30H35N2O6S (M+1) requires 

551.2216]; LCMS purity: 97%. 

 

Representative procedure for the formation of ureas: 

	  

3-Cyclohexyl-1-(3-(1-hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{1,8}). A mixture of cyclohexyl isocyanate 

(15{8}) (12 mg, 12 µL, 0.094 mmol) and1,3-amino alcohol 14{1} (30 mg, 0.086 mmol) in 

CH2Cl2 (0.5 mL) was stirred for 1.5 h at room temperature. The solvent was removed in vacuo, 
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and the resultant colorless residue was purified by flash column chromatography eluting with 

pentane/EtOAc (1 : 1) to give 32 mg (72%) of urea 16{1,8} as a colorless solid: mp 120-121 °C; 
1H NMR (500 MHz) δ 7.57-7.55 (comp, 2 H), 7.47-7.44 (comp, 3 H), 7.39-7.36 (comp, 2 H), 

7.28 (d, J = 8.0 Hz, 1 H), 5.50-5.46 (m, 1 H), 5.09 (br s, 1 H), 4.73 (dd, J = 12.0, 5.0 Hz, 1 H), 

4.59 (ddd, J = 13.0, 4.0, 4.0 Hz, 1 H), 4.28 (d, J = 7.0 Hz, 1 H), 3.99-3.97 (m, 1 H), 3.65-3.61 

(m, 1 H), 3.20-3.14 (m, 1 H), 2.92-2.89 (comp, 2 H), 2.77 (ddd, J = 15.5, 10.5, 5.0 Hz, 1 H), 2.68 

(s, 3 H), 2.44 (dd, J = 9.0, 6.5 Hz, 1 H), 1.97-1.89 (m, 1 H), 1.75-1.59 (comp, 6 H), 1.47 (d, J = 

6.0 Hz, 3 H), 1.39-1.31 (comp, 2 H), 1.19-1.03 (comp, 2 H); 13C NMR (125 MHz) δ 171.5, 

158.5, 140.4, 140.3, 135.7, 133.6, 129.2, 128.9, 127.6, 127.0, 126.0, 125.0, 64.3, 53.1, 52.7, 49.8, 

47.7, 37.9, 37.3, 33.9, 29.5, 29.0, 25.6, 25.0, 21.3; IR (neat) 3332, 2931, 2855, 1650, 1531, 1422 

cm-1; mass spectrum (ESI) m/z 498.2728 [C29H37N3O3Na (M + Na) requires 498.2733]; LCMS 

purity: 92%. 

	  

3-Cyclohexyl-1-(3-(1-hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{5,8}). Prepared according to 

the representative procedure for the formation of ureas. Purification: EtOAc/MeOH (7 : 3). 

Yield: 62% (27 mg colorless solid). Data: 1H NMR (400 MHz) δ 7.10 (d, J = 8.0 Hz, 1 H), 6.83 

(dd, J = 8.0, 2.4 Hz, 1 H), 6.69 (d, J = 2.4 Hz, 1 H), 5.48-5.43 (m, 1 H), 5.08 (br s, 1 H), 4.61-

4.53 (comp, 2 H), 4.27 (d, J = 8.0 Hz, 1 H), 3.98-3.95 (m, 1 H), 3.65-3.59 (m, 1 H), 3.34-3.24 

(comp, 4 H), 3.10-3.04 (m, 1 H), 2.79-2.68 (comp, 6 H), 2.66 (s, 3 H), 2.53-2.44 (comp, 3 H), 

2.39 (dd, J = 8.4, 5.6 Hz, 1 H), 1.97-1.88 (comp, 2 H), 1.72-1.60 (comp, 4 H), 1.45 (d, J = 6.0 

Hz, 3 H), 1.37-1.05 (comp, 6 H); LCMS purity: 98%. 
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3-Cyclohexyl-1-(3-(1-hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{6,8}). Prepared according to the 

representative procedure for the formation of ureas. Purification: pentane/EtOAc (1 : 1). Yield: 

78% (31 mg colorless solid). Data: 1H NMR (400 MHz) δ 7.28-7.26 (m, 1 H), 7.20-7.08 (comp, 

3 H), 6.88 (d, J = 8.0 Hz, 1 H), 6.78 (dd, J = 8.0, 1.2 Hz, 1 H), 6.67 (d, J = 1.2 Hz, 1 H), 5.45-

5.41 (m, 1 H), 5.02 (br s, 1 H), 4.58-4.54 (comp, 2 H), 4.27 (d, J = 8.4 Hz, 1 H), 3.97-3.94 (m, 1 

H), 3.64-3.62 (m, 1 H), 3.15-3.08 (m, 1 H), 2.83-2.81 (comp, 2 H), 2.66 (s, 3 H), 2.61 (ddd, J = 

14.8, 10.4, 4.4 Hz, 1 H), 2.38-2.34 (m, 1 H), 2.23 (s, 3 H), 1.96-1.89 (comp, 2 H), 1.68-1.59 

(comp, 3 H), 1.44 (d, J = 6.0 Hz, 3 H), 1.37-1.26 (comp, 3 H), 1.15-1.04 (comp, 3 H); LCMS 

purity: 97%. 

	  

1-(3-(1-Hydroxyethyl)-10-(4-methoxyphenyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-1-methyl-3-phenylurea (16{2,9}). Prepared according to the 

representative procedure for the formation of ureas, with the following modification: Instead of 

removing the CH2Cl2 in vacuo at the end of the reaction, 2 mL of hexanes were added, resulting 

in a colorless precipitate. The colorless powder was collected via filtration, and was sufficiently 

pure. Yield: 69% (14 mg colorless powder). Data: mp 215-216 °C (colorless crystals from 1 : 1 

EtOH : H2O); 1H NMR (600 MHz) δ 7.49 (d, J = 9.0 Hz, 2 H), 7.43 (dd, J = 8.4, 2.4 Hz, 1 H), 

7.34-7.32 (comp, 3 H), 7.30-7.26 (comp, 3 H), 7.06-7.03 (m, 1 H), 6.99 (d, J = 9.0 Hz, 2 H), 6.58 

(br s, 1 H), 5.50-5.47 (m, 1 H), 4.73 (dd, J = 12.0, 4.2 Hz, 1 H), 4.63 (ddd, J = 12.6, 4.2, 4.2 Hz, 

1 H), 4.42 (br s, 1 H), 4.19-4.14 (m, 1 H), 3.86 (s, 3 H), 3.19-3.14 (m, 1 H), 2.93-2.89 (comp, 2 

H), 2.86 (s, 3 H), 2.80 (ddd, J = 15.0, 10.2, 4.8 Hz, 1 H), 2.54-2.52 (m, 1 H), 1.77 (ddd, J = 14.4, 

O
N

H

H

H

16{6,8}

OH

Me

N
Me

O

H
N

O

Me

N
H

H

H

16{2,9}

OH

Me

N
Me

O

H
N

O

MeO



S25	  
	  

12.0, 4.8 Hz, 1 H), 1.48 (d, J = 6.0 Hz, 3 H); 13C NMR (150 MHz) δ 171.4, 159.4, 156.8, 140.0, 

138.5, 135.4, 133.0, 132.9, 129.2, 128.9, 128.0, 125.7, 124.5, 123.6, 120.4, 114.4, 64.8, 55.4, 

53.2, 51.7, 48.2, 38.1, 37.3, 29.9, 28.9, 21.4; IR (neat) 3319, 2928, 1645, 1610, 1536, 1496, 

1443, 1246 cm-1; mass spectrum (ESI) m/z 500.2543 [C30H34N3O4 (M+1) requires 500.2549]; 

LCMS purity: 93%. 

	  

1-(10-(3-Fluorophenyl)-3-(1-hydroxyethyl)-4-oxo-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-1-methyl-3-phenylurea (16{3,9}). Prepared according to the 

representative procedure for the formation of ureas, with the following modification: Instead of 

removing the CH2Cl2 in vacuo at the end of the reaction, 2 mL of hexanes were added, resulting 

in a colorless precipitate. The colorless powder was collected via filtration, and was sufficiently 

pure. Yield: 86% (34 mg colorless powder). Data: 1H NMR (400 MHz) δ 7.47 (dd, J = 8.0, 2.0 

Hz, 1 H), 7.43-7.39 (m, 1 H), 7.36-7.29 (comp, 7 H), 7.26-7.24 (m, 1 H), 7.07-7.05 (comp, 2 H), 

6.56 (br s, 1 H), 5.53-5.49 (m, 1 H), 4.75 (dd, J = 11.6, 4.0 Hz, 1 H), 4.65 (ddd, J = 13.2, 4.4, 4.4 

Hz, 1 H), 4.42 (br s, 1 H), 4.18-4.14 (m, 1 H), 3.20-3.14 (m, 1 H), 2.95-2.93 (comp, 2 H), 2.87 (s, 

3 H), 2.81 (ddd, J = 15.2, 10.4, 4.4 Hz, 1 H), 2.56-2.52 (m, 1 H), 1.78 (ddd, J = 15.2, 12.8, 5.2 

Hz, 1 H), 1.48 (d, J = 6.0 Hz, 3 H). 

 
1-(3-(1-Hydroxyethyl)-10-morpholino-4-oxo-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-1-methyl-3-phenylurea (16{4,9}). Prepared according to the representative 

procedure for the formation of ureas, with the following modification: Instead of removing the 

CH2Cl2 in vacuo at the end of the reaction, 2 mL of hexanes were added, resulting in a colorless 

precipitate. The colorless powder was collected via filtration, and was sufficiently pure. Yield: 

74% (24 mg colorless powder). Data: 1H NMR (400 MHz) δ 7.36-7.29 (comp, 4 H), 7.12 (d, J = 

8.4 Hz, 1 H), 7.08-7.04 (m, 1 H), 6.83 (dd, J = 8.4, 2.4 Hz, 1 H), 6.67 (d, J = 2.4 Hz, 1 H), 6.56 
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(br s, 1 H), 5.50-5.45 (m, 1 H), 4.64-4.59 (comp, 2 H), 4.45 (br s, 1 H), 4.17-4.12 (m, 1 H), 3.88-

3.86 (comp, 4 H), 3.15-3.12 (comp, 4 H), 3.11-3.04 (m, 1 H), 2.85 (s, 3 H), 2.81-2.79 (comp, 2 

H), 2.72 (ddd, J = 14.8, 10.4, 4.4 Hz, 1 H), 2.51-2.47 (m, 1 H), 1.71 (ddd, J = 14.8, 12.0, 5.2 Hz, 

1 H), 1.47 (d, J = 6.0 Hz, 3 H). 

	  

3-(3,5-Dichlorophenyl)-1-(3-(1-hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{1,10}). Prepared according 

to the representative procedure for the formation of ureas. Purification: pentane/EtOAc (3 : 7). 

Yield: 73% (37 mg colorless powder). Data: mp 118-119 °C; 1H NMR (500 MHz) δ 7.56-7.54 

(comp, 2 H), 7.49-7.44 (comp, 3 H), 7.38-7.35 (comp, 2 H), 7.30-7.29 (comp, 3 H), 6.99-6.98 

(m, 1 H), 5.37-5.31 (m, 1 H), 4.73 (dd, J = 12.0, 4.0 Hz, 1 H), 4.63 (ddd, J = 13.0, 4.0, 4.0 Hz, 1 

H), 4.22-4.18 (m, 1 H), 3.85 (br s, 1 H), 3.19-3.13 (m, 1 H), 2.93-2.90 (comp, 2 H), 2.81 (s, 3 H), 

2.77 (ddd, J = 15.0, 10.5, 4.5 Hz, 1 H), 2.56-2.53 (m, 1 H), 1.77 (ddd, J = 14.5, 12.0, 5.0 Hz, 1 

H), 1.50 (d, J = 6.0 Hz, 3 H); 13C NMR (125 MHz) δ 171.1, 156.1, 141.0, 140.4, 140.3, 135.2, 

135.0, 133.6, 129.3, 128.9, 127.6, 127.0, 126.2, 124.9, 122.9, 117.9, 65.2, 53.1, 51.1, 48.8, 38.2, 

37.2, 29.8, 28.9, 21.8,; IR (neat) 3332, 2933, 1645, 1586, 1486, 1414, 1325 cm-1; mass spectrum 

(ESI) m/z 538.1657 [C29H29N3O3
35Cl2 (M+1) requires 538.1664]; LCMS purity: 98%. 

	  

3-(3,5-Dichlorophenyl)-1-(3-(1-hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-

2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{5,10}). 

Prepared according to the representative procedure for the formation of ureas. Purification: 

EtOAc/MeOH (6 : 4) with 1% Et3N. Yield: 61% (30 mg colorless powder). Data: 1H NMR (400 

MHz) δ 7.28 (d, J = 1.6 Hz, 1 H), 7.12-7.04 (comp, 2 H), 7.00-6.98 (m, 1 H), 6.85-6.80 (m, 1 H), 

6.67 (d, J = 2.4 Hz, 1 H), 5.34-5.29 (m, 1 H), 4.64-4.57 (comp, 2 H), 4.23-4.16 (m, 1 H), 3.86 (br 
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s, 1 H), 3.19-3.17 (comp, 4 H), 3.09-3.03 (m, 1 H), 2.82-2.67 (comp, 6 H), 2.60-2.56 (comp, 4 

H), 2.52-2.48 (m, 1 H), 2.36 (s, 3 H), 1.75-1.67 (comp, 2 H), 1.49 (d, J = 6.0 Hz, 3 H); LCMS 

purity: 98%. 

	  

3-(3,5-Dichlorophenyl)-1-(3-(1-hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylurea (16{6,10}). Prepared according 

to the representative procedure for the formation of ureas. Purification: pentane/EtOAc (3 : 7). 

Yield: 48% (24 mg colorless powder). Data: 1H NMR (400 MHz) δ 7.28-7.25 (comp, 3 H), 7.20-

7.07 (comp, 3 H), 6.98-6.97 (m, 1 H), 6.88 (d, J = 8.0 Hz, 1 H), 6.81-6.79 (m, 1 H), 6.65-6.64 

(m, 1 H), 5.30-5.22 (m, 1 H), 4.61-4.53 (comp, 2 H), 4.20-4.15 (m, 1 H), 3.78 (br s, 1 H), 3.12-

3.05 (m, 1 H), 2.84-2.82 (comp, 2 H), 2.78 (s, 3 H), 2.60 (ddd, J = 14.0, 10.0, 3.6 Hz, 1 H), 2.47-

2.44 (m, 1 H), 2.22 (s, 3 H), 1.73-1.65 (m, 1 H), 1.47 (d, J = 6.0 Hz, 3 H); LCMS purity: 98%. 

 

Representative procedure for the formation of thioureas: 

	  

1-(3-(1-Hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-3-(2-methoxyethyl)-1-methylthiourea (16{1,11}). A mixture of 1-

isothiocyanato-2-methoxyethane (15{11}) (12 mg, 11 µL, 0.103 mmol) and 1,3-amino alcohol 

14{1} (30 mg, 0.086 mmol) in CH2Cl2 (0.5 mL) was stirred for 1.5 h at room temperature. The 

solvent was removed in vacuo, and the resultant colorless residue was purified by flash column 

chromatography eluting with EtOAc/MeOH (100 : 0 → 90 : 10) to give 17 mg (42%) of 

16{1,11} as a yellow solid: mp 151.5-153 °C; 1H NMR (600 MHz) δ 7.55-7.53 (comp, 2 H), 

7.47-7.43 (comp, 3 H), 7.38-7.35 (comp, 2 H), 7.27 (d, J = 8.4 Hz, 1 H), 6.59-6.56 (m, 1 H), 6.00 

(br s, 1 H), 4.71 (dd, J = 12.0, 3.6 Hz, 1 H), 4.66 (ddd, J = 13.2, 4.2, 4.2 Hz, 1 H), 4.13-4.07 

(comp, 2 H), 3.90-3.79 (comp, 2 H), 3.54-3.53 (m, 2 H), 3.34 (s, 3 H), 3.17-3.12 (m, 1 H), 2.92-
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2.84 (comp, 2 H), 2.87 (s, 3 H), 2.67-2.66 (m, 1 H), 1.63-1.57 (comp, 2 H), 1.45 (d, J = 6.6 Hz, 3 

H); 13C NMR (150 MHz) δ 182.3, 171.7, 140.4, 140.3, 135.3, 133.6, 129.2, 128.9, 127.6, 127.0, 

126.0, 125.0, 70.6, 65.2, 58.8, 53.6, 53.4, 50.8, 46.1, 38.3, 37.5, 31.6, 29.0, 21.0; IR (neat) 3332, 

2931, 1644, 1530, 1486, 1425, 1328, 1187, 1101, 764, 734, 699 cm-1; mass spectrum (CI) m/z 

468.2320 [C26H34N3O3S (M+1) requires 468.2321]; LCMS purity: 98%. 

	  

1-(3-(1-Hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-3-(2-methoxyethyl)-1-methylthiourea (16{5,11}). 

Prepared according to the representative procedure for the formation of thioureas. Purification: 

EtOAc/MeOH (65 : 35) with 1% Et3N. Yield: 65% (43 mg yellow oil). Data: 1H NMR (400 

MHz) δ 7.07 (d, J = 8.4 Hz, 1 H), 6.82 (dd, J = 8.4, 2.4 Hz, 1 H), 6.68 (d, J = 2.4 Hz, 1 H), 6.58-

6.53 (m, 1 H), 6.00-5.96 (m, 1 H), 4.64-4.55 (comp, 2 H), 4.13-4.06 (comp, 2 H), 3.91-3.78 

(comp, 2 H), 3.55-3.53 (m, 2 H), 3.35 (s, 3 H), 3.20-3.17 (comp, 4 H), 3.08-3.02 (m, 1 H), 2.85 

(s, 3 H), 2.82-2.75 (comp, 3 H), 2.62-2.58 (comp, 5 H), 2.37 (s, 3 H), 1.52 (ddd, J = 8.4, 6.4, 3.2 

Hz, 1 H), 1.43 (d, J = 6.4 Hz, 3 H); LCMS purity: 97%. 

	  

1-(3-(1-Hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-3-(2-methoxyethyl)-1-methylthiourea (16{6,11}). Prepared according to 

the representative procedure for the formation of thioureas. Purification: EtOAc/MeOH (95 : 5). 

Yield: 87% (34 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.27-7.25 (m, 1 H), 7.20-7.16 (m, 

1 H), 7.12-7.05 (comp, 2 H), 6.87 (dd, J = 8.0, 1.2 Hz, 1 H), 6.78 (dd, J = 8.0, 2.0 Hz, 1 H), 6.67 

(d, J = 2.0 Hz, 1 H), 6.52-6.46 (m, 1 H), 6.04-6.00 (m, 1 H), 4.65 (ddd, J = 13.2, 4.4, 4.4 Hz, 1 

H), 4.54 (dd, J = 12.0, 3.6 Hz, 1 H), 4.09-4.03 (comp, 2 H), 3.91-3.77 (comp, 2 H), 3.54-3.55 

(comp, 2 H), 3.35 (s, 3 H), 3.10-3.03 (m, 1 H), 2.86 (s, 3 H), 2.83-2.79 (comp, 2 H), 2.68 (ddd, J 
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= 14.4, 10.4, 4.0 Hz, 1 H), 2.60-2.56 (m, 1 H), 2.22 (s, 3 H), 1.53 (ddd, J = 12.4, 10.4, 6.4 Hz, 1 

H), 1.42 (d, J = 6.4 Hz, 3 H); LCMS purity: 91%. 

	  

3-(4-Fluorophenyl)-1-(3-(1-hydroxyethyl)-4-oxo-10-phenyl-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylthiourea (16{1,12}). Prepared according to the 

representative procedure for the formation of thioureas. Purification: pentane/EtOAc (2 : 8). 

Yield: 75% (33 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.56-7.53 (comp, 2 H), 7.48-7.42 

(comp, 3 H), 7.38-7.34 (comp, 2 H), 7.27 (d, J = 8.0 Hz, 1 H), 7.24-7.22 (comp, 2 H), 7.02-6.97 

(comp, 2 H), 6.35 (br s, 1 H), 4.75-4.65 (comp, 2 H), 4.24-4.18 (m, 1 H), 4.07-4.03 (m, 1 H), 

3.16-3.09 (m, 1 H), 3.04 (s, 3 H), 2.94-2.82 (comp, 3 H), 2.69-2.66 (m, 1 H), 1.68 (ddd, J = 14.4, 

12.4, 6.4 Hz, 1 H), 1.47 (d, J = 6.0 Hz, 3 H); LCMS purity: 96%. 

	  

3-(4-Fluorophenyl)-1-(3-(1-hydroxyethyl)-10-(4-methylpiperazin-1-yl)-4-oxo-

2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylthiourea (16{5,12}). 

Prepared according to the representative procedure for the formation of thioureas. Purification: 

EtOAc/MeOH (60 : 40) with 1% Et3N. Yield: 74% (31 mg yellow solid). Data: mp 194-195 °C; 
1H NMR (600 MHz) δ 7.43 (br s, 1 H), 7.26-7.21 (comp, 2 H), 7.09 (d, J = 8.4 Hz, 1 H), 7.06-

7.00 (comp, 2 H), 6.83 (dd, J = 8.4, 2.4 Hz, 1 H), 6.69 (d, J = 2.4 Hz, 1 H), 6.41 (br s , 1 H), 4.65 

(ddd, J = 12.6, 4.2, 4.2 Hz, 1 H), 4.57 (dd, J = 12.0, 3.6 Hz, 1 H), 4.29-4.25 (m, 1 H), 3.20-3.18 

(comp, 4 H), 3.08-3.03 (m, 1 H), 3.03 (s, 3 H), 2.87-2.77 (comp, 3 H), 2.65-2.59 (comp, 6 H), 

2.37 (s, 3 H), 1.61 (ddd, J = 14.4, 12.0, 6.0 Hz, 1 H), 1.46 (d, J = 6.0 Hz, 3 H); 13C NMR (150 

MHz) δ 181.9, 171.6, 160.8 (JC-F = 245.4 Hz), 150.5, 135.5, 135.2, 129.4, 127.9, 127.3 (JC-F = 

8.6 Hz), 125.5, 115.5 (JC-F = 22.7 Hz), 115.4, 113.5, 65.4, 64.3, 55.0, 53.5, 49.2, 46.0, 38.6, 37.7, 

33.1, 28.4, 21.0;IR (neat) 3270, 2935, 1652, 1426, 1247, 1098, 733 cm-1; mass spectrum (CI) m/z 

526.2640 [C28H37FN5O2S (M+1) requires 526.2652]; LCMS purity: 95%. 
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3-(4-Fluorophenyl)-1-(3-(1-hydroxyethyl)-4-oxo-10-(o-tolyloxy)-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-2-yl)-1-methylthiourea (16{6,12}). Prepared 

according to the representative procedure for the formation of thioureas. Purification: 

pentane/EtOAc (20 : 80). Yield: 68% (38 mg yellow solid). Data: mp 115-117 °C; 1H NMR (600 

MHz) δ 7.43 (br s, 1 H), 7.27-7.15 (comp, 4 H), 7.12 (d, J = 8.4 Hz, 1 H), 7.11-7.00 (comp, 3 H), 

6.88 (dd, J = 8.4, 1.2 Hz, 1 H), 6.79 (dd, J = 7.8, 2.4 Hz, 1 H), 6.69 (d, J = 3.0 Hz, 1 H), 4.67 

(ddd, J = 13.2, 4.2, 4.2 Hz, 1 H), 4.55 (dd, J = 12.0, 3.6 Hz, 1 H), 4.27-4.22 (m, 1 H), 3.81 (br s, 

1 H), 3.10-3.03 (m, 1 H), 3.04 (s, 3 H), 2.85-2.83 (comp, 2 H), 2.74 (ddd, J = 13.8, 9.6, 3.6 Hz, 1 

H), 2.62-2.60 (m, 1 H), 2.23 (s, 3 H), 1.64-1.59 (comp, 2 H), 1.45 (d, J = 6.6 Hz, 3 H); 13C NMR 

(150 MHz) δ 183.8, 171.5, 160.8 (JC-F = 244.2 Hz), 157.1, 154.4, 136.0, 135.5, 131.7, 130.1, 

130.0, 128.3, 127.9, 127.3, 124.4, 119.8, 116.4, 115.5 (JC-F = 22.7 Hz), 114.6, 65.4, 53.7, 53.2, 

50.2, 38.5, 37.5, 33.1, 28.6, 21.1, 16.2; LCMS purity: 94%. 

 

Representative procedure for the formation of 17{7} and 17{8} via Suzuki cross-coupling: 

	  

8,10-Dimethyl-2-o-tolyl-5,6,7a,8,10,10a,11,11a-octahydro-7H-9-oxa-6a,10-diaza-

cyclopenta[b]phenanthrene (17{7}). A mixture of bromide 11 (50 mg, 0.15 mmol), cesium 

fluoride (91 mg, 0.59 mmol), 2-methylbenzeneboronic acid (12{7}) (41 mg, 0.30 mmol), and 

[PdCl2(dppf)]·CH2Cl2 (6.0 mg, 0.01 mmol) in degassed toluene (1 mL) was heated under reflux 

for 24 h. The reaction was cooled to room temperature and partitioned between EtOAc (3 mL) 

and H2O (3 mL), and the layers were separated. The aqueous layer was extracted with EtOAc (2 

× 3 mL), and the combined organic layers were dried (Na2SO4), filtered, and concentrated under 

reduced pressure. The resultant brown residue was purified by flash column chromatography 

eluting with EtOAc to give 49 mg (95%) of 17{7} as a tan solid: mp 151-152 °C; 1H NMR (400 

MHz) δ 7.26-7.09 (comp, 7 H), 4.38-4.31 (m, 1 H), 3.30-3.13 (comp, 3 H), 3.02-2.98 (m, 1H), 
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2.91 (ddd, J = 11.2, 5.6, 1.6 Hz, 1 H), 2.75 (s, 3 H), 2.75-2.70 (m, 1 H), 2.67 (dd, J = 12.2, 4.0 

Hz, 1 H), 2.52 (ddd, J = 11.6, 11.6, 3.2 Hz, 1 H), 2.53-2.43 (comp, 2 H), 2.26 (s, 3 H), 1.79-1.70 

(m, 1 H), 1.38 (d, J = 5.6 Hz, 3 H); 13C NMR (100 MHz) δ 141.9, 139.5, 137.3, 135.4, 133.2, 

130.3, 129.8, 128.5, 127.1, 126.9, 126.1, 125.7, 77.0, 65.9, 60.6, 54.2, 52.0, 47.4, 46.1, 35.1, 

29.5, 21.4, 20.6; IR (neat) 2919, 2755, 1482, 1459, 911, 759, 730 cm-1; mass spectrum (ESI) m/z 

349.2273 [C23H29N2O (M+1) requires 349.2280]; LCMS purity: 100%. 

	  

2-Benzo[1,3]dioxol-5-yl-8,10-dimethyl-5,6,7a,8,10,10a,11,11a-octahydro-7H-9-oxa-

6a,10-diaza-cyclopenta[b]phenanthrene (17{8}). Prepared according to the representative 

procedure for the formation of 17{7} and 17{8} via Suzuki cross-coupling. Purification: EtOAc. 

Yield: 82% (366 mg tan solid). Data: : mp 188-189 °C; 1H NMR (400 MHz) δ  7.34-7.33 (m, 1 

H), 7.28 (dd, J = 8.0, 1.6 Hz, 1 H), 7.12 (d, J = 8.0 Hz, 1 H), 7.02-6.99 (comp, 2 H), 6.85 (d, J = 

8.0 Hz, 1 H), 5.98 (s, 2 H), 4.37-4.30 (m, 1 H), 3.32-3.22 (m, 1 H), 3.18-3.09 (comp, 2 H), 2.99 

(d, J = 11.6 Hz, 1 H), 2.89 (dd, J = 11.6, 4.8 Hz, 1 H), 2.77 (s, 3 H), 2.76-2.71 (m, 1 H), 2.67 

(ddd, J =12.4, 12.4, 4.0 Hz, 1 H), 2.60-2.44 (comp, 3 H),1.81-1.72 (m, 1 H), 1.39 (d, J = 5.6 Hz, 

3 H); 13C NMR (100 MHz) δ 148.1, 146.9, 138.7, 137.9, 135.7, 133.5, 129.2, 124.7, 123.7, 

120.4, 108.5, 107.6, 101.1, 77.3, 65.9, 60.6, 54.2, 52.0, 47.4, 46.0, 35.0, 29.4, 21.4; IR (neat) 

2960, 2915, 2825, 2766, 1485, 1230 cm-1; mass spectrum (ESI) m/z 379.2019 [C23H27N2O3 

(M+1) requires 379.2022]; LCMS purity: 96%. 

	  

8,10-Dimethyl-2-morpholin-4-yl-5,6,7a,8,10,10a,11,11a-octahydro-7H-9-oxa-6a,10-

diaza-cyclopenta[b]phenanthrene (17{4}). A suspension of (±)-BINAP (69 mg, 0.11 mmol) in 

toluene (6.0 mL) was heated at 80 °C until a homogeneous solution was observed (~5 min). The 

reaction was cooled to room temperature, whereupon Pd(OAc)2 (20 mg, 0.09 mmol) was added. 

The reaction was stirred for 1 min at room temperature. The catalyst solution was added to a 

solution of bromide 11 (300 mg, 0.89 mmol), morpholine (12{4}) (117 mg, 0.12 mL, 1.34 
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mmol), and Cs2CO3 (580 mg, 1.78 mmol) in toluene (7 mL). The reaction mixture was heated at 

100 °C and for 6 h, whereupon H2O (13 mL) and EtOAc (13 mL) were added. The mixture was 

filtered through a pad of Celite, layers were separated. The aqueous layer was extracted with 

EtOAc (3 × 13 mL), and the combined organic layers were washed with brine, dried (Na2SO4), 

filtered, and concentrated under reduced pressure. The residue was purified by flash column 

chromatography eluting with CH2Cl2/MeOH (20 : 1) to give 248 mg (81%) of 17{4} as a light 

brown solid: mp 159-160 °C; 1H NMR (400 MHz) δ 6.98 (d, J = 8.0 Hz, 1 H), 6.74-6.71 (comp, 

2 H), 4.33-4.27 (m, 1 H), 3.83-3.81 (comp, 4 H), 3.28-3.20 (m, 1 H), 3.08-2.95 (comp, 7 H), 2.85 

(dd, J = 10.8, 5.2 Hz, 1 H), 2.74 (s, 3 H), 2.64-2.55 (comp, 2 H), 2.50-2.39 (comp, 3 H), 1.74-

1.65 (m, 1 H), 1.36 (d, J = 5.6 Hz, 3 H); 13C NMR (100 MHz) δ 149.6, 138.1, 129.4, 126.5, 

114.7, 112.5, 77.0, 66.9, 65.9, 60.8, 54.2, 52.2, 50.0, 47.4, 45.9, 35.1, 28.8, 21.4; IR (neat) 3400 , 

2960, 2916, 2854, 2817, 2755, 1613, 1509 cm-1; mass spectrum (ESI) m/z 344.2333 [C20H30N3O2 

(M+1) requires 344.2338]; LCMS purity: 100%. 

 

Representative procedure for the formation of 18{7}, 18{8}, and 18{4} via N,O-bond 

cleavage: 

	  

1-(2-(Methylamino)-10-o-tolyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-a]isoquinolin-

3-yl)ethanol (18{7}). Sodium borohydride (33 mg, 0.86 mmol) was added to a solution of 

isoxazolidine 11 (50 mg, 0.14 mmol) and NiCl2·6H2O (72 mg, 0.29 mmol) in anhydrous MeOH 

(2.9 mL), and the reaction was stirred for 5 h at room temperature. The solvent was removed in 

vacuo, and the black residue was partitioned between concentrated NH4OH (28 mL) and CH2Cl2 

(28 mL) and stirred for 12 h at room temperature. The layers were separated, and the aqueous 

layer was extracted with CH2Cl2 (2 × 10 mL). The combined organic layers were dried 

(Na2SO4), filtered, and concentrated under reduced pressure. The resultant yellow oil was 

purified by flash column chromatography eluting with EtOAc/MeOH (5 : 1) with 1% Et3N to 

give 45 mg (90%) of 18{7} as a clear gum: 1H NMR (400 MHz) δ 7.26-7.12 (comp, 7 H), 4.49-

4.42 (m, 1 H), 3.24 (d, J = 10.4 Hz, 1 H), 3.16 (ddd, J = 18.0, 12.0, 6.4 Hz, 1 H), 2.96 (dd, J = 

12.0, 6.4 Hz, 1 H), 2.97-2.92 (m, 1 H), 2.90-2.85 (m, 1 H), 2.72 (dd, J = 16.0, 3.2 Hz, 1 H), 2.53 
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(s, 3 H), 2.46 (ddd, J = 12.0, 12.0, 4.0 Hz, 1 H), 2.34-2.28 (comp, 2 H), 2.27 (s, 3 H), 1.95-1.83 

(comp, 2 H), 1.23 (d, J = 6.0 Hz, 3 H); 13C NMR (100 MHz) δ 141.9, 139.4, 137.4, 135.4, 133.2, 

130.3, 129.8, 128.6, 127.2, 127.0, 125.7, 125.2, 67.0, 62.9, 62.5, 57.7, 52.6, 41.9, 34.3, 33.8, 

29.5, 21.4, 20.6; IR (neat) 3200, 2926, 2802, 1482, 1118, 910, 760, 731 cm-1; mass spectrum 

(ESI) m/z 351.2431 [C23H31N2O (M+1) requires 351.2436]; LCMS purity: 99%. 

	  

1-(10-(Benzo[d][1,3]dioxol-5-yl)-2-(methylamino)-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-3-yl)ethanol (18{8}). Prepared according to the representative 

procedure for the formation of 18{7}, 18{8}, and 18{4} via N,O-bond cleavage. Purification: 

EtOAc/MeOH (5 : 1) with 1% Et3N. Yield: 84% (80 mg colorless foam). Data: 1H NMR (400 

MHz) δ 7.33-7.27 (comp, 2 H), 7.13 (d, J = 8.0 Hz, 1 H), 7.03-6.99 (comp, 2 H), 6.86 (d, J = 7.6 

Hz, 1 H), 5.99 (s, 2 H), 4.47-4.40 (m, 1 H), 3.25-3.22 (m, 1 H), 3.17-3.09 (m, 1 H), 2.98-2.91 

(comp, 2 H), 2.86 (dd, J = 11.6, 5.6 Hz, 1 H), 2.70 (dd, J = 16.4, 2.8 Hz, 1 H), 2.54 (s, 3 H), 2.43 

(ddd, J = 11.6, 11.6, 3.6 Hz, 1 H), 2.35-2.30 (comp, 2 H), 1.96-1.87 (m, 1 H), 1.82-1.78 (comp, 2 

H), 1.21 (d, J = 6.0 Hz, 3 H); LCMS purity: 100%. 

	  

1-(2-(Methylamino)-10-morpholino-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-3-yl)ethanol (18{4}). Prepared according to the representative procedure for the 

formation of 18{7}, 18{8}, and 18{4} via N,O-bond cleavage. Purification: CH2Cl2/MeOH (5 : 

1) with 1% Et3N. Yield: 90% (286 mg colorless powder). Data: mp 157-158 °C; 1H NMR (400 

MHz, CD3OD) δ 6.97 (d, J = 8.4 Hz, 1 H), 6.82 (d, J = 2.8 Hz, 1 H), 6.80 (dd, J = 8.4, 2.8 Hz, 1 

H), 4.48-4.41 (m, 1 H), 3.83-3.80 (comp, 4 H), 3.17-3.14 (m, 1 H), 3.09-3.06 (comp, 4 H), 3.04-

2.84 (comp, 4 H), 2.58 (dd, J = 15.6, 3.2 Hz, 1 H), 2.47 (s, 3 H), 2.45-2.30 (comp, 3 H), 1.82-

1.80 (m, 1 H), 1.74-1.65 (m, 1 H), 1.20 (d, J = 6.0 Hz, 3 H); 13C NMR (100 MHz, CD3OD) δ 

149.7, 137.9, 129.0, 126.4, 114.7, 111.9, 67.4, 66.6, 62.9, 62.7,57.1, 52.5, 50.0, 41.1, 33.4, 33.0, 
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28.4, 20.4; IR (neat) 3434, 2958, 2801, 2530, 1612, 1507, 1450, 1119 cm-1; mass spectrum (ESI) 

m/z 346.2489 [C20H32N3O2 (M+1) requires 346.2489]; LCMS purity: 100%. 

	  

N-(3-(1-Hydroxyethyl)-10-o-tolyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (19{7,3}). Prepared according to the 

representative procedure for the formation of amides. Purification: hexanes/EtOAc (1 : 1 → 1 : 

2). Yield: 77% (21 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.49 (dd, J = 1.6, 0.8 Hz, 1 H), 

7.27-7.14 (comp, 7 H), 6.97 (d, J = 3.2 Hz, 1 H), 6.48 (dd, J = 3.2, 1.6 Hz, 1 H), 4.74 (ddd, J = 

12.8, 4.8, 4.8 Hz, 1 H), 4.36-4.25 (m, 1 H), 3.47 (d, J = 9.6 Hz, 1 H), 3.33 (s, 3 H), 3.23-3.16 (m, 

1 H), 3.07-2.97 (comp, 2 H), 2.85 (dd, J = 11.4, 2.4 Hz, 1 H), 2.80-2.76 (m, 1 H), 2.58 (ddd, J = 

12.0, 11.4, 3.2 Hz, 1 H), 2.53-2.32 (comp, 3 H), 2.28 (s, 3 H), 1.25 (d, J = 7.2 Hz, 3 H); 13C 

NMR (100 MHz) δ 161.0, 148.3, 143.8, 141.7, 139.7, 136.8, 135.4, 132.7, 130.4, 129.8, 128.6, 

127.4, 127.3, 125.8, 125.5, 116.0, 111.1, 77.2, 73.3, 63.3, 62.7, 56.2, 52.3, 33.6, 33.4, 29.6, 21.3, 

20.6; IR (neat) 3395, 2928, 1613, 1485, 1073, 909, 758, 731 cm-1; mass spectrum (ESI) m/z 

445.2486 [C28H33N2O3 (M+1) requires 445.2491]; LCMS purity: 82%. 

	  

N-(10-(benzo[d][1,3]dioxol-5-yl)-3-(1-hydroxyethyl)-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (19{8,3}). Prepared according 

to the representative procedure for the formation of amides. Purification: hexanes/EtOAc (1 : 3). 

Yield: 67% (32 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.51 (dd, J = 1.6, 0.8 Hz, 1 H), 

7.36-7.31 (comp, 2 H), 7.16 (d, J = 7.6 Hz, 1 H), 7.03-6.99 (comp, 3 H), 6.87 (d, J = 7.6 Hz, 1 

H), 6.49 (dd, J = 3.6, 2.0 Hz, 1 H), 5.99 (s, 2 H), 4.80-4.74 (m, 1 H), 4.33-4.27 (m, 1 H), 3.48-

3.44 (m, 1 H), 3.35 (s, 3 H), 3.21-3.12 (m, 1 H), 3.05-2.98 (comp, 2 H), 2.85 (dd, J = 11.6, 2.8 

Hz, 1 H), 2.77-2.73 (m, 1 H), 2.54 (ddd, J = 11.6, 11.6, 3.2 Hz, 1 H), 2.50-2.37 (comp, 3 H), 1.25 

(d, J = 6.8 Hz, 3 H); LCMS purity: 97%.	  
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 N-(3-(1-Hydroxyethyl)-10-morpholino-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N-methylfuran-2-carboxamide (19{4,3}). Prepared according to the 

representative procedure for the formation of amides. Purification: hexanes/EtOAc (1 : 2 → 0 : 

100). Yield: 99% (32 mg yellow solid). Data: 1H NMR (400 MHz) δ 7.51 (dd, J = 2.0, 0.8 Hz, 1 

H), 7.04 (d, J = 8.4 Hz, 1 H), 7.00 (d, J = 3.2 Hz, 1 H), 6.80-6.78 (m, 1 H), 6.72-6.71 (m, 1 H), 

6.49 (dd, J = 3.6, 2.0 Hz, 1 H), 4.79-4.70 (m, 1 H), 4.32-4.28 (m, 1 H), 3.87-3.85 (comp, 4 H), 

3.37-3.34 (comp, 4 H), 3.16-2.91 (comp, 7 H), 2.88-2.79 (m, 1 H), 2.67-2.63 (m, 1 H), 2.53-2.30 

(comp, 4 H), 1.24 (d, J = 6.8 Hz, 3 H); LCMS purity: 99%. 

	  

 N-(3-(1-Hydroxyethyl)-10-o-tolyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N,4-dimethylbenzenesulfonamide (19{7,13}). Prepared according to the 

representative procedure for the formation of sulfonamides. Purification: hexanes/EtOAc (2 : 1). 

Yield: 62% (24 mg tan oil). Data: 1H NMR (400 MHz) δ 7.73 (d, J = 8.4 Hz, 2 H), 7.30 (d, J = 

8.4 Hz, 2 H), 7.28-7.21 (comp, 3 H), 7.14 (dd, J = 6.4, 2.0 Hz, 1 H), 7.11-7.08 (comp, 2 H), 

6.71-6.70 (m, 1 H), 4.34-4.28 (m, 1 H), 4.15 (ddd, J = 12.8, 4.8, 4.8 Hz, 1 H), 3.24-3.21 (m, 1 

H), 3.12 (ddd, J = 17.2, 12.4, 6.0 Hz, 1 H), 3.02 (dd, J = 12.0, 2.4 Hz, 1 H), 2.96 (dd, J = 11.2, 

4.8 Hz, 1 H), 2.92 (s, 3 H), 2.76-2.74 (m, 1 H), 2.72 (dd, J = 12.0, 3.2 Hz, 1 H), 2.49 (ddd, J = 

12.0, 12.0, 3.6 Hz, 1 H), 2.32 (s, 3 H), 2.19 (s, 3 H), 2.11-2.00 (comp, 2 H), 1.65 (ddd, J = 12.4, 

4.0, 4.0 Hz, 1 H), 1.38 (d, J = 6.8 Hz, 3 H); 13C NMR (100 MHz) δ 143.5, 141.7, 139.5, 136.4, 

135.5, 135.3, 132.7, 130.4, 129.8, 129.7, 128.6, 127.3, 127.2, 127.1, 125.8, 125.2, 72.8, 63.1, 

62.6, 57.7, 52.1, 45.0, 32.6, 32.1, 29.6, 21.5, 21.4, 20.5; IR (neat) 3384, 2926, 2814, 2755, 2250, 

1482 1338, 1164 cm-1; mass spectrum (ESI) m/z 505.2520 [C30H37N2O3S (M+1) requires 

505.2519]; LCMS purity: 97%. 

19{4,3}

N
N

H

H

H
O

N

O
O Me

OH

Me

N
H

H

H

19{7,13}

Me

N
S

OH
Me

Me

Me

O

O



S36	  
	  

	  

 N-(10-(Benzo[d][1,3]dioxol-5-yl)-3-(1-hydroxyethyl)-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-N,4-dimethylbenzenesulfonamide (19{8,13}). Prepared 

according to the representative procedure for the formation of sulfonamides. Purification: 

hexanes/EtOAc (3 : 2). Yield: 55% (19 mg colorless solid). Data: 1H NMR (400 MHz) δ 7.76 (d, 

J = 8.4 Hz, 2 H), 7.35 (d, J = 8.4 Hz, 2 H), 7.26 (dd, J = 8.0, 1.6 Hz, 1 H), 7.09 (d, J = 8.0 Hz, 1 

H), 6.91-6.81 (comp, 4 H), 5.99 (s, 2 H), 4.30-4.24 (m, 1 H), 4.17 (ddd, J = 12.8, 4.8 Hz, 1 H), 

3.22-3.17 (m, 1 H), 3.07 (ddd, J = 17.2, 12.0, 5.6 Hz, 1 H), 3.00 (dd, J = 11.8, 2.4 Hz, 1 H), 2.94-

2.90 (m, 1 H), 2.92 (s, 3 H), 2.17-2.64 (comp, 2 H), 2.44 (ddd, J = 12.0, 12.0, 3.6 Hz, 1 H), 2.41 

(s, 3 H), 2.07-1.97 (comp, 2 H), 1.67 (ddd, J = 12.4, 4.0, 4.0 Hz, 1 H), 1.34 (d, J = 6.8 Hz, 3 H); 

LCMS purity: 99%. 

	  

 N-(3-(1-Hydroxyethyl)-10-morpholino-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-N,4-dimethylbenzenesulfonamide (19{4,13}). Prepared according to the 

representative procedure for the formation of sulfonamides. Purification: hexanes/EtOAc (1 : 1). 

Yield: 73% (26 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.78 (d, J = 8.4 Hz, 2 H), 7.35 (d, J 

= 8.4 Hz, 2 H), 6.98 (d, J = 8.4 Hz, 1 H), 6.73 (dd, J = 8.4, 2.4 Hz, 1 H), 6.31 (d, J = 2.4 Hz, 1 

H), 4.31-4.19 (comp, 2 H), 3.95-3.80 (comp, 4 H), 3.17-3.14 (m, 1 H), 3.05-2.95 (comp, 5 H), 

2.94 (s, 3 H), 2.91-2.87 (m, 1 H), 2.67 (dd, J = 12.0, 3.2 Hz, 1 H), 2.58 (dd, J = 16.0, 2.8 Hz, 1 

H), 2.45 (s, 3 H), 2.43-2.36 (m, 1 H), 2.07-1.98 (comp, 2 H), 1.69 (ddd, J = 12.4, 4.0, 4.0 Hz, 1 

H), 1.31 (d, J = 6.8 Hz, 3 H); LCMS purity: 96%. 
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1-(3-(1-Hydroxyethyl)-10-o-tolyl-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-1-methyl-3-phenylurea (19{7,9}). Prepared according to the representative 

procedure for the formation of ureas. Purification: hexanes/EtOAc (10 : 1 → 1 : 1). Yield: 55% 

(18 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.33 (d, J = 8.8 Hz, 2 H), 7.24-7.03 (comp, 9 

H), 6.98-6.94 (m, 1 H), 6.48 (br s, 1 H), 4.56-4.47 (m, 1 H), 4.26-4.16 (m, 1 H), 3.44-3.34 (m, 1 

H), 3.19-3.06 (m, 1 H), 3.03 (s, 3 H), 2.99-2.90 (comp, 2 H), 2.77-2.65 (comp, 2 H), 2.56-2.45 

(m, 1 H), 2.35-2.25 (comp, 2 H), 2.20 (s, 3 H), 2.19-2.12 (m, 1 H), 1.21 (d, J = 6.8 Hz, 3 H); 

LCMS purity: 99%. 

	  

1-(10-(Benzo[d][1,3]dioxol-5-yl)-3-(1-hydroxyethyl)-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-2-yl)-1-methyl-3-phenylurea (19{8,9}). Prepared according to the 

representative procedure for the formation of ureas. Purification: CH2Cl2/MeOH (98 : 2). Yield: 

70% (23 mg colorless oil). Data: 1H NMR (400 MHz) δ 7.43-7.40 (comp, 2 H), 7.34-7.25 (comp, 

4 H), 7.16 (d, J = 8.0 Hz, 1 H), 7.06-7.00 (comp, 3 H), 6.87 (dd, J = 7.6, 0.4 Hz, 1 H), 6.62 (br s, 

1 H), 5.99 (s, 2 H), 4.64-4.58 (m, 1 H), 4.31-4.23 (m, 1 H), 3.48-3.42 (m, 1 H), 3.20-3.12 (m, 1 

H), 3.12 (s, 3 H), 3.05-2.95 (comp, 2 H), 2.82-2.71 (comp, 2 H), 2.52 (ddd, J = 11.6, 11.6, 3.2 

Hz, 1 H), 2.47-2.33 (comp, 2 H), 2.24-2.18 (m, 1 H), 1.28 (d, J = 6.8 Hz, 3 H); LCMS purity: 

99%. 

	  

1-(3-(1-Hydroxyethyl)-10-morpholino-2,3,4,6,7,11b-hexahydro-1H-pyrido[2,1-

a]isoquinolin-2-yl)-1-methyl-3-phenylurea (19{4,9}). Prepared according to the representative 

procedure for the formation of ureas. Purification: hexanes/EtOAc (1 : 1 → 1 : 2). Yield: 99% 
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(34 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.43-7.40 (comp, 2 H), 7.31-7.27 (comp, 2 H), 

7.06-7.01 (comp, 2 H), 6.78 (dd, J = 8.0, 2.4 Hz, 1 H), 6.70 (d, J = 2.4 Hz, 1 H), 6.64 (br s, 1 H), 

4.60-4.55 (m, 1 H), 4.29-4.21 (m, 1 H), 3.87-3.84 (comp, 4 H), 3.40-3.35 (m, 1 H), 3.16-2.92 

(comp, 10 H), 2.76 (dd, J = 11.6, 3.2 Hz, 1 H), 2.66-2.61 (m, 1 H), 2.47 (ddd, J = 12.0, 12.0, 3.2 

Hz, 1 H), 2.37-2.32 (comp, 2 H), 2.20-2.16 (m, 1 H), 1.27 (d, J = 7.2 Hz, 3 H); 13C NMR (100 

MHz) δ 155.8, 149.9, 139.1, 137.8, 129.6, 128.9, 126.2, 123.0, 119.9, 114.8, 112.3, 72.9, 67.2, 

66.9, 62.8, 55.8, 52.2, 49.9, 42.2, 34.5, 32.0, 29.1, 21.3; IR (neat) 3330,  2962, 2818, 1641, 1530, 

1502, 1445 cm-1; mass spectrum (ESI) m/z 487.2676 [C27H36N4O3Na (M+Na) requires 

487.2685]; LCMS purity: 98%. 

 

Representative procedure for the formation of N,O-acetals: 

	  

10-Cyclohexyl-8,11-dimethyl-2-o-tolyl-5,7a,8,10,11,11a,12,12a-octahydro-6H,7H-9-

oxa-6a,11-diaza-benzo[a]anthracene (20{7,14}). A solution of amino alcohol 18{1} (50 mg, 

0.14 mmol) and cyclohexanecarboxaldehyde (15{14}) (18 mg, 20 µL, 0.16 mmol) in 1,2-

dichloroethane (2.0 mL) was heated under reflux for 24 h. The solvent was removed in vacuo 

and the residue was purified by flash column chromatography eluting with hexanes/EtOAc (7 : 

1) to give 63 mg (99%) of 20{7,14} as a yellow oil: 1H NMR (400 MHz) δ 7.26-7.19 (comp, 5 

H), 7.14-7.12 (comp, 2 H), 4.15-4.08 (m, 1 H), 4.07 (d, J = 8.8 Hz, 1 H), 3.19-3.10 (comp, 2 H), 

2.99 (dd, J = 12.4, 2.0 Hz, 1 H), 3.00-2.93 (m, 1 H), 2.87 (dd, J = 11.8, 4.8 Hz, 1 H), 2.75-2.69 

(m, 1 H), 2.46 (s, 3 H), 2.41 (ddd, J = 12.0, 12.0, 3.6 Hz, 1 H), 2.32 (dd, J = 12.8, 4.0 Hz, 1 H), 

2.29 (s, 3 H), 2.29-2.22 (m, 1 H), 2.21-2.12 (m, 1 H), 2.10-1.91 (comp, 2 H), 1.78-0.81 (comp, 

10 H), 1.26 (d, J = 6.0 Hz, 3 H); 13C NMR (100 MHz) δ 141.8, 139.4, 137.8, 135.2, 133.0, 130.3, 

129.8, 128.4, 127.1, 126.9, 125.9, 125.7, 89.7, 71.8, 63.1, 61.4, 57.4, 52.4, 38.8, 36.0, 35.0, 29.8, 

29.7, 28.3, 26.5, 25.8, 20.6, 19.6; IR (neat) 2923, 2852, 1451, 1089, 1001, 758, 731 cm-1; mass 

spectrum (ESI) m/z 445.3214 [C30H41N2O (M+1) requires 445.3219]; LCMS purity: 100%. 
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2-Benzo[1,3]dioxol-5-yl-10-cyclohexyl-8,11-dimethyl-5,7a,8,10,11,11a,12,12a-

octahydro-6H,7H-9-oxa-6a,11-diaza-benzo[a]anthracene (20{8,14}). Prepared according to 

the representative procedure for the formation of N,O-acetals. Purification: hexanes/EtOAc (10 : 

1 → 5 : 1). Yield: 84% (63 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.39 (d, J = 0.8 Hz, 1 

H), 7.30 (dd, J = 8.0, 2.0 Hz, 1 H), 7.13 (d, J = 8.0 Hz, 1 H), 7.05-7.01 (comp, 2 H), 6.86 (d, J = 

7.6 Hz, 1 H), 5.99 (s, 2 H), 4.15-4.09 (m, 1 H), 4.09 (d, J = 8.8 Hz, 1 H), 3.18-3.12 (m, 1 H), 

3.13 (ddd, J = 17.2, 12.4, 6.0 Hz, 1 H), 3.04-2.97 (comp, 2 H), 2.87-2.83 (m, 1 H), 2.68 (dd, J = 

16.4, 2.4 Hz, 1 H), 2.49 (s, 3 H), 2.42-2.30 (comp, 3 H), 2.25-2.16 (m, 1 H), 2.02-1.94 (comp, 2 

H), 1.77-1.58 (comp, 4 H), 1.54-1.46 (m, 1 H), 1.31-1.08 (comp, 3 H), 1.25 (d, J = 6.0 Hz, 3 H), 

0.94-0.82 (comp, 2 H); 13C NMR (100 MHz) δ 148.1, 146.9, 138.5, 138.4, 135.6, 133.4, 129.3, 

124.5, 123.5, 120.4, 108.5, 107.6, 101.1, 89.7, 71.8, 63.1, 61.5, 57.4, 52.3, 38.8, 35.9, 35.0, 30.0, 

29.5, 28.2, 26.5, 25.8, 19.6; IR (neat) 2923, 2852, 2807, 2752, 1483, 1229, 1040 cm-1; mass 

spectrum (ESI) m/z 475.2958 [C30H39N2O3 (M+1) requires 475.2955]; LCMS purity: 99%. 

	  

10-Cyclohexyl-8,11-dimethyl-2-morpholin-4-yl-5,7a,8,10,11,11a,12,12a-octahydro-

6H,7H-9-oxa-6a,11-diaza-benzo[a]anthracene (20{4,14}). Prepared according to the 

representative procedure for the formation of N,O-acetals. Purification: hexanes/EtOAc (3 : 1). 

Yield: 81% (68 mg yellow oil). Data: 1H NMR (400 MHz) δ 7.00 (d, J = 8.0 Hz, 1 H), 6.77 (d, J 

= 2.4 Hz, 1 H), 6.74 (dd, J = 8.0, 2.4 Hz, 1 H), 4.13-4.07 (m, 1 H), 4.08 (d, J = 9.2 Hz, 1 H), 

3.86-3.83 (comp, 4 H), 3.15-2.95 (comp, 7 H), 2.81 (dd, J = 11.6, 5.2 Hz, 1 H), 2.36-2.12 (comp, 

5 H), 2.03-1.87 (comp, 3 H), 1.75-1.61 (comp, 5 H), 1.51-1.47 (m, 1 H), 1.29-1.08 (comp, 4 H), 

1.24 (d, J = 6.0 Hz, 3 H), 0.90-0.83 (comp, 3 H); 13C NMR (100 MHz) δ 149.6, 138.5, 129.5, 

126.5, 114.5, 112.4, 89.6, 71.9, 66.9, 63.3, 61.6, 57.3, 52.4, 49.9, 38.8, 35.8, 35.0, 30.0, 28.9, 
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28.2, 26.4, 25.8, 19.5; IR (neat) 2924, 2853, 1451, 1122, 732 cm-1; mass spectrum (ESI) m/z 

440.3273 [C27H42N3O2 (M+1) requires 440.3277]; LCMS purity: 100%. 

 

Representative procedure for reductive amination: 

	  

1-(2-((Cyclohexylmethyl)(methyl)amino)-10-o-tolyl-2,3,4,6,7,11b-hexahydro-1H-

pyrido[2,1-a]isoquinolin-3-yl)ethanol (21{7,14}). NaBH3CN (7.6 mg, 0.12 mmol) was added 

to a solution of 20{1,14} (36 mg, 0.08 mmol) and AcOH (7.3 mg, 6.9 µL, 0.12 mmol) in 1,2-

dichloroethane (2 mL), and the reaction was stirred for 24 h at room temperature. Saturated 

aqueous NaHCO3 (2 mL) was added, and the layers were separated. The aqueous layer was 

extracted with CH2Cl2 (2 × 2 mL). The combined organic layers were dried (Na2SO4), filtered, 

and concentrated under reduced pressure. The residue was purified by flash column 

chromatography eluting with hexanes/EtOAc (1 : 3) to give 30 mg (83%) of 21{7,14} as a 

yellow oil: 1H NMR (400 MHz) δ 7.30-7.10 (comp, 7 H), 4.47-4.40 (m, 1 H), 3.21-3.15 (m, 1 H), 

3.13 (d, J = 11.6 Hz, 1 H), 2.97 (dd, J = 11.6, 3.6 Hz, 1 H), 2.86 (dd, J = 11.2, 6.0 Hz, 1 H), 2.71 

(dd, J = 16.4, 3.2 Hz, 1 H), 2.59-2.39 (comp, 4 H), 2.33-2.26 (comp, 3 H), 2.28 (s, 3 H), 1.96-

1.48 (comp, 10 H), 1.33-1.10 (comp, 3 H), 1.22 (d, J = 6.0 Hz, 3 H), 0.99-0.0.76 (comp, 2 H); IR 

(neat) 2924, 2860, 1117, 759, 730 cm-1; mass spectrum (ESI) m/z 447.3369 [C30H43N2O (M+1) 

requires 447.3375]; LCMS purity: 97%. 

	  

1-(10-(Benzo[d][1,3]dioxol-5-yl)-2-((cyclohexylmethyl)(methyl)amino)-2,3,4,6,7,11b-

hexahydro-1H-pyrido[2,1-a]isoquinolin-3-yl)ethanol (21{8,14}). Prepared according to the 

representative procedure for reductive amination. Purification: CH2Cl2/MeOH (95 : 5). Yield: 

70% (19 mg colorless oil). Data: 1H NMR (400 MHz) δ 7.32 (d, J = 1.6 Hz, 1 H), 7.29 (dd, J = 

8.0, 1.6 Hz, 1 H), 7.13 (d, J = 8.0 Hz, 1 H), 7.04-7.01 (comp, 2 H), 6.88 (d, J = 8.0 Hz, 1 H), 
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5.99 (s, 2 H), 4.46-4.39 (m, 1 H), 3.18-3.09 (comp, 2 H), 2.96 (dd, J = 11.6, 2.4 Hz, 1 H), 2.84 

(dd, J = 11.2, 5.2 Hz, 1 H), 2.71-2.63 (comp, 3 H), 2.40 (ddd, J = 11.6, 11.6, 3.6 Hz, 1 H), 2.32 

(s, 3 H), 2.33-2.29 (m, 1 H), 1.92-1.57 (comp, 10 H), 1.25-1.13 (comp, 3 H), 1.21 (d, J = 5.6 Hz, 

3 H), 0.99-0.86 (comp, 2 H); 13C NMR (100 MHz) δ 148.0, 146.9, 138.7, 138.2, 135.9, 133.8, 

129.4, 125.0, 122.9, 120.6, 108.6, 107.7, 101.1, 77.2, 67.8, 66.9, 62.9, 58.0, 52.3, 41.8, 35.6, 

31.3, 29.7, 29.6, 26.6, 26.1, 21.6; IR (neat) 3200, 2925, 2851, 2797, 1483, 1229, 1040, 731 cm-1; 

mass spectrum (ESI) m/z 477.3115 [C30H41N2O3 (M+1) requires 477.3112]; LCMS purity: 

100%. 

	  

1-(2-((Cyclohexylmethyl)(methyl)amino)-10-morpholino-2,3,4,6,7,11b-hexahydro-

1H-pyrido[2,1-a]isoquinolin-3-yl)ethanol (21{4,14}). Prepared according to the representative 

procedure for reductive amination. Purification: EtOAc. Yield: 64% (25 mg yellow oil). Data: 1H 

NMR (400 MHz) δ 7.01 (d, J = 8.8 Hz, 1 H), 6.78-6.73 (comp, 2 H), 4.47-4.39 (m, 1 H), 3.88-

3.86 (comp, 4 H), 3.16-2.97 (comp, 6 H), 2.94 (dd, J = 12.0, 2.4 Hz, 1 H), 2.79 (dd, J = 10.4, 5.6 

Hz, 1 H), 2.65 (ddd, J = 12.8, 3.6, 3.6 Hz, 1 H), 2.57-2.55 (m, 1 H), 2.49-2.46 (comp, 2 H), 2.39 

(s, 3 H), 2.38-2.27 (comp, 2 H), 1.96-1.90 (m, 1 H), 1.90-1.56 (comp, 8 H), 1.21 (d, J  = 6.0 Hz, 

3 H), 1.02-0.81 (comp, 4 H); LCMS purity: 98%. 

 

Lipinski’s Rule Data: 

 

Compound # Molecular Weight Clog P H-bond donors H-bond acceptors Lipinski Rule of 5 
10	   351.24	   1.9	   0	   3	   Satisfied	  
11	   337.26	   2.66	   0	   3	   Satisfied	  

13{1}	   348.44	   2.78	   0	   3	   Satisfied	  
13{2}	   378.46	   2.62	   0	   4	   Satisfied	  
13{3}	   366.43	   2.92	   0	   3	   Satisfied	  
13{4}	   357.45	   1.02	   0	   5	   Satisfied	  
13{5}	   370.49	   1.08	   0	   5	   Satisfied	  
13{6}	   378.46	   3.14	   0	   3	   Satisfied	  
14{1}	   350.45	   2.26	   2	   3	   Satisfied	  
14{2]	   380.48	   3.07	   2	   5	   Satisfied	  
14{3}	   368.45	   3.16	   2	   4	   Satisfied	  
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14{4}	   359.47	   1.17	   2	   6	   Satisfied	  
14{5}	   372.5	   0.57	   2	   5	   Satisfied	  
14{6}	   380.49	   3.37	   2	   5	   Satisfied	  
16{2,1}	   464.6	   3.51	   1	   4	   Satisfied	  
16{3,1}	   452.56	   3.81	   1	   3	   Satisfied	  
16{4,1}	   443.58	   1.91	   1	   5	   Satisfied	  
16{1,2}	   422.52	   1.7	   1	   4	   Satisfied	  
16{5,2}	   444.57	   0.6	   1	   6	   Satisfied	  
16{6,2}	   452.54	   2.06	   1	   4	   Satisfied	  
16{1,3}	   444.52	   2.79	   1	   3	   Satisfied	  
16{5,3}	   466.57	   1.09	   1	   5	   Satisfied	  
16{6,3}	   474.55	   3.15	   1	   3	   Satisfied	  
16{1,4}	   455.55	   2.51	   1	   4	   Satisfied	  
16{5,4}	   477.6	   0.82	   1	   6	   Satisfied	  
16{6,4}	   485.57	   2.87	   1	   4	   Satisfied	  
16{1,5}	   479.57	   3.58	   1	   4	   Satisfied	  
16{5,5}	   501.62	   1.89	   1	   6	   One	  Violation	  
16{6,5}	   509.6	   3.95	   1	   4	   One	  Violation	  
16{2,6}	   520.64	   3.32	   1	   5	   One	  Violation	  
16{3,6}	   508.6	   3.62	   1	   4	   One	  Violation	  
16{4,6}	   499.62	   1.72	   1	   6	   Satisfied	  
16{1,7}	   520.64	   3.32	   1	   5	   One	  Violation	  
16{5,7}	   542.69	   1.63	   1	   7	   One	  Violation	  
16{6,7}	   550.67	   3.69	   1	   5	   One	  Violation	  
16{1,8}	   475.62	   3.56	   2	   3	   Satisfied	  
16{5,8}	   497.67	   1.87	   2	   5	   Satisfied	  
16{6,8}	   505.65	   3.93	   2	   3	   One	  Violation	  
16{2,9}	   499.6	   3.62	   2	   4	   Satisfied	  
16{3,9}	   487.57	   3.92	   2	   3	   Satisfied	  
16{4,9}	   478.58	   2.02	   2	   5	   Satisfied	  
16{1,10}	   538.47	   4.99	   2	   3	   One	  Violation	  
16{5,10}	   560.52	   3.29	   2	   5	   One	  Violation	  
16{6,10}	   568.49	   5.35	   2	   3	   Violated	  
16{1,11}	   467.62	   2.6	   2	   3	   Satisfied	  
16{5,11}	   489.67	   0.91	   2	   5	   Satisfied	  
16{6,11}	   497.65	   2.97	   2	   3	   Satisfied	  
16{1,12}	   503.63	   4.81	   2	   2	   One	  Violation	  
16{5,12}	   525.68	   2.93	   2	   4	   One	  Violation	  
16{6,12}	   533.66	   5.18	   2	   2	   Violated	  
17{7}	   348.48	   4.05	   0	   3	   Satisfied	  
17{8}	   378.46	   3.16	   0	   5	   Satisfied	  
17{4}	   343.46	   1.78	   0	   5	   Satisfied	  
18{7}	   350.5	   3.54	   2	   3	   Satisfied	  
18{8}	   380.48	   2.65	   2	   5	   Satisfied	  
18{4}	   345.48	   1.27	   2	   5	   Satisfied	  
19{7,3}	   444.57	   4.06	   1	   3	   Satisfied	  
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19{8,3}	   474.55	   3.17	   1	   5	   Satisfied	  
19{4,3}	   439.55	   1.79	   1	   5	   Satisfied	  
19{7,13}	   504.68	   5.27	   1	   4	   Violated	  
19{8,13}	   534.67	   4.38	   1	   6	   One	  Violation	  
19{4,13}	   499.67	   3	   1	   6	   Satisfied	  
19{7,5}	   469.62	   5.06	   2	   3	   One	  Violation	  
19{8,5}	   499.6	   4.17	   2	   5	   Satisfied	  
19{4,5}	   464.61	   3.44	   2	   7	   Satisfied	  
20{7,14}	   444.65	   6.72	   0	   3	   One	  Violation	  
20{8,14}	   474.63	   5.83	   0	   5	   One	  Violation	  
20{4,14}	   439.63	   4.45	   0	   5	   Satisfied	  
21{7,14}	   446.67	   6.04	   1	   3	   One	  Violation	  
21{8,14}	   476.65	   5.15	   1	   5	   One	  Violation	  
21{4,14}	   441.65	   3.77	   1	   5	   Satisfied	  
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