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Abstract 
A new family of functional quinolizidine alkaloids containing alkoxy groups and phosphine or 
phosphine chalcogenide fragments has been prepared from the vinyl ether of enantiomerically 
pure lupinine, secondary phosphines and phosphine sulfide. The reaction proceeds readily under 
radical initiation to give anti-Markovnikov adducts, dialkyl[2-(octahydro-2H-quinolizin-1-
ylmethyloxy)ethyl]phosphines and -phosphine sulfide, in high yields (89-96%). The phosphine 
moieties of the alkaloids synthesized have been oxidized with air, elemental sulfur or selenium to 
afford the corresponding phosphine chalcogenides.  
 
Keywords: Vinyl ether of lupinine, secondary phosphines and phosphine chalcogenides, radical 
addition, functional quinolizidine alkaloids 

 
 
 
Introduction 
 
Quinolizidine alkaloids are widely distributed in plants.1 They possess a diverse range of 
biological activities, e.g. cardiotonic and myotonic,2 anticancer,3 anti-HBV,4 antimicrobial and 
antibacterial.5 They also affect the nervous system state.6 Much attention from researchers is now 
focused on the study of the biological activity of quinolizidine alkaloid derivatives to design 
drugs of new generation.7 For example, lupinine derivatives are prospective ligands for sigma 
receptors in the central nervous system, which are implicated in the pathogenesis of psychiatric 
and motor disorders.8 Recent data indicate the octahydroquinolizidine chemotype is the structural 
motif of derivatives with calcium channel antagonist activity9 as well as inhibitors of histone 
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deacetylase.10 Therefore, the search for convenient methods for the preparation of novel 
functional quinolizidine alkaloids remains an urgent synthetic challenge. 

In this paper we describe an atom-economic synthesis of previously unknown lupinine 
derivatives from the vinyl ether of lupinine 1 and now available secondary phosphines11 or 
phosphine sulfides12 readily prepared by the direct reaction of red phosphorus with alkyl 
halides11a or styrene.11b The choice of vinyl ether 1 is due to its recently described synthesis by 
direct vinylation of lupinine with acetylene.13 To date, the free radical additions of H-phosphines 
and H-phosphine chalcogenides to vinyl chalcogenides is just scarcely studied. Only few 
publications dealing with the radical addition of secondary phosphines and phosphine 
chalcogenides to vinyl ethers are known.14

 
 
Results and Discussion 
 
Secondary phosphines 2, 3 and phosphine sulfide 4 add to vinyl ether 1 regiospecifically in the 
presence of azaisobutyronitrile (AIBN) at 65-70 °C to form the corresponding optically active 
tertiary dialkyl[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphines 5, 6 and -phosphine 
sulfide 7 in high yields (Table 1). 
 
Table 1. Synthesisa of tertiary phosphines 5, 6 and phosphine sulfide 7  
 

 
 

PH-reagent (mmol) Entry Vinyl ether 1 
(mmol)  R X 

Time (h) Product 
(yield, %)b

1 2.50 2 (2.50) Bu none 10 5 (93) 
2 3.10 3 (3.10) Ph(CH2)2 none 168 6 (89) 
3 1.02 4 (1.02) Ph(CH2)2 S 4 7 (96) 

a Heating of the reactants at 65-70 °C in the presence of AIBN (0.5-1.5 wt% of the reactants’ 
mass). b Isolated yields. 
 

Phosphines 5, 6 react smoothly with oxygen, elemental sulfur or selenium in organic solvents 
to give the corresponding optically active phosphine oxides 8, 9, phosphine sulfides 7, 10 and 
phosphine selenide 11 (Table 2). 
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Table 2. Synthesis of tertiary phosphine chalcogenides 7-11 
 

 
Tertriary phosphine 

(mmol) 
Entry 

 R 

Oxidant 
(mmol) 

Temperature 
(°C) 

Time 
(h) 

Solvent 
(ml) 

Product 
(yield, %)a

1 5 (0.44) Bu air (O2), 
excess 

20-22 1 Hexane 
(2) 

8 (95) 

2 5 (0.88) Bu X = S 
(0.88) 

50 3 Toluene 
(4) 

10 (88) 

3 6 (0.34) Ph(CH2)2 air (O2), 
excess 

20-22 3 Hexane 
(2) 

9 (97) 

4 6 (0.69) Ph(CH2)2 X = S 
(0.80) 

50 3 Toluene 
(5) 

7 (90) 

5 6 (0.75) Ph(CH2)2 X = Se 
(0.89) 

50 3 Toluene 
(5) 

11 (75) 

a Isolated yields.
 
 
Conclusions 
 
A straightforward atom-economic (“green”) method for the preparation of previously unknown 
alkaloid derivatives containing lupinine core, alkoxy groups and phosphine or phosphine 
chalcogenide fragments, using vinyl ether of enantiomerically pure lupinine, secondary 
phosphines and phosphine sulfide has been successfully developed. The functional lupinine 
derivatives synthesized can be widely used for the direct design of biologically active 
compounds as well as easily accessible enantiomerically pure chelating ligands for preparing 
transition metal complexes. For example, recently, tetrahedral carbonyl hydride cluster 
H4Ru4(CO)11L have been synthesized using the ligand (L) di(2-phenethyl)[2-(octahydro-2H-
quinolizin-1-ylmethyloxy)ethyl]phosphine 615. The structure and dynamic behavior of the cluster 
in solution have been studied.
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Experimental Section  
 
General Procedures. 1H, 13C, 31P and 77Se NMR spectra were recorded on Bruker DPX-400 
(400.13, 100.61, 161.98 and 76.26 MHz, respectively) spectrometer in CDCl3 solutions and 
referenced to internal HMDS (1H), CHCl3 (13C) and external 85% H3PO4 (31P) and Me2Se (77Se). 
IR spectra were measured with a Bruker IFS 25 instrument in microlayer. Optical rotation 
measurements were carried out on a Polamat A polarimeter. 
 
General procedure for the synthesis of tertiary diorganyl[2-(octahydro-2H-quinolizin-1-
ylmethyloxy)ethyl]phosphines 5, 6 and -phosphine sulfide 7 (Table 1) 
An equimolar mixture of secondary phosphine 2, 3 or phosphine sulfide 4 and vinyl ether of 
lupinine 1 was heated at 65-70 °C in the presence of AIBN (0.5-1.5 wt% of the reactants’ mass) 
in a sealed ampoule. The reaction was monitored by 31P NMR spectroscopy. The crude product, 
a viscous undistillable liquid, was purified by column chromatography on Al2O3 (diethyl ether) 
to give the phosphine 5, 6 or phosphine sulfide 7. All operations were scrupulously carried out 
under an atmosphere of inert gas (preferably, argon). 
Dibutyl[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine (5). Yellowish oil, 0.8 g 
(93%) yield, [α]22

D –12.0 (c 2.0, EtOH). 1H NMR, δ (ppm), J (Hz): 0.84 (t, 3J = 6.8, 6H, Me), 
1.16 (m, 1H, H-8'), 1.28-1.39 (m, 14H, H-2,3,9,CH2CH2Me), 1.49 (m, 2H, H-7), 1.62-1.75 (m, 
8H, H-1,8",13, CH2P), 1.84-1.93 (m, 3H, H-4a,6a,9a), 2.75 (m, 2H, H-4e,6e), 3.39-3.54 (m, 2H, 
H-12), 3.44 (dd, 2J = 9.3, 3J = 5.5, 1H, H-10') and 3.58 (dd, 3J = 7.0 Hz, 1H, H-10"). 13C NMR, δ 
(ppm), J (Hz): 13.76 (Me), 21.20 (C-3), 24.41 (d, 2JPC = 11.1, CH2C2H5), 25.03 (C-8, CH2Me), 
25.48 (C-7), 26.97 (d, 1JPC = 11.5, PCH2), 27.09 (C-9), 27.73 (d, 1JPC = 13.7, C-13), 27.86 (d, 
1JPC = 11.8, PCH2), 29.74 (C-2), 38.65 (C-1), 57.42 (C-4,6), 64.70 (C-9a), 68.70 (d, 2JPC = 20.3, 
C-12), 69.35 (C-10). 31P NMR, δ (ppm): –33.91. Anal. Calcd. for C20H40NOP: C, 70.34; H, 
11.81; N, 4.10; P, 9.07%. Found: C, 70.15; H, 11.70; N, 4.00; P, 9.20%. 
Di(2-phenethyl)[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine (6). Yellowish 
oil, 1.2 g (89%) yield, [α]22

D –9.0 (c 1.0, EtOH). 1H NMR, δ (ppm): 1.32-1.37 (m, 1H, H-8'), 
1.42-1.70 (m, 6H, H-2,3,7), 1.80-1.93 (m, 9H, H-1,4a,6a,8",9,9a,13), 2.02-2.09 (m, 4H, PCH2), 
2.84-2.93 (m, 6H, H-4e,6e,CH2Ph), 3.49-3.74 (m, 4H, H-10,12), 7.29-7.42 (m, 10H, Ph). 13C 
NMR, δ (ppm), J (Hz): 21.23 (C-3), 25.01 (C-8), 25.45 (C-7), 27.09 (C-9), 27.58 (d, 1JPC = 14.6, 
C-13), 29.31 (d, 1JPC = 13.3, PCH2), 29.81 (C-2), 32.21 (d, 2JPC = 14.6, CH2Ph), 38.65 (C-1), 
57.40 (C-4,6), 64.66 (C-9a), 68.63 (d, 2JPC = 19.3, C-12), 69.59 (C-10), 125.89 (C-p), 128.06 (C-
o), 128.39 (C-m), 142.84 (d, 3JPC=10.7, C-i). 31P NMR, δ (ppm): –30.03. Anal. Calcd. for 
C28H40NOP: C, 76.85; H, 9.21; N, 3.20; P, 7.08%. Found: 76.65; H, 9.40; N, 3.12; P, 6.98%. 
Dibutyl[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine sulfide (7). Yellowish 
oil, 0.46 g (96%) yield, [α]22

D –6.6 (c 1.5, EtOH); 1H NMR, δ (ppm), J (Hz): 0.92 (t, 3J = 7.2, 
6H, Me), 1.24 (m, 1H, H-8'), 1.39 (m, 4H, CH2Me), 1.38-1.47 (m, 4H, H-7,9), 1.53-1.60 (m, 6H, 
H-3, CH2C2H5), 1.71-1.89 (m, 9H, H-1,2,8",9a,PCH2), 2.07 (m, 2H, H-4a,6a), 2.09 (m, 2H, H-
13), 2.91 (m, 2H, H-4e,6e), 3.50−3.80 (m, 4H, H-10,12). 13C NMR, δ (ppm), J (Hz): 13.46 (Me), 
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21.02 (C-3), 23.51 (C-9), 23.70 and 23.85 (CH2Me), 24.26 (C-8), 24.28 (d, 2JPC = 7.3, CH2C2H5), 
24.46 (C-2,7), 30.96 (d, 1JPC = 49.8, C-13), 31.12 and 31.45 (two d, 1JPC = 50.5, PCH2), 38.15 (C-
1), 56.70 (C-4,6), 64.06 (C-9a), 64.74 (d, 2JPC = 3.0, C-12), 69.90 (C-10). 31P NMR, δ (ppm): 
48.41. IR, ν (cm-1): 1010 (C-O-C), 594 (P=S). Anal. Calcd. for C20H40NOPS: C, 64.30; H, 10.79; 
N, 3.75; P, 8.29, S, 8.58%. Found: C, 64.42; H, 10.80; N, 3.80; P, 7.98; S, 8.80%. 
 
General procedure for the synthesis of tertiary phosphine oxides 8, 9 (Table 2) 
A solution of phosphine 5, 6 in hexane was stirred at r.t. under air atmosphere. The reaction was 
monitored by 31P NMR spectroscopy. After completion of the reaction the solvent was 
evaporated under reduced pressure to afford phosphine oxide 8, 9. 
Dibutyl[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine oxide (8). Colorless oil, 
0.15 g (95%) yield, [α]24

D –5.9 (c 0.5, EtOH). 1H NMR, δ (ppm), J (Hz): 0.84 and 0.85 (two t, 
3JHH = 7.2, 6H, Me), 1.12-1.17 (m, 2H, H-8',9'), 1.33-1.36 (m, 4H, CH2Me), 1.39-1.60 (m, 9H, 
H-2,7,9",CH2C2H5), 1.60-1.75 (m, 9H, H-1,3,8",9a,PCH2), 1.90-1.98 (m, 2H, H-4a,6a), 2.08-
2.10 (m, 2H, H-13), 2.86-2.88 (m, 2H, H-4e,6e), 3.54−3.70 (m, 4H, H-10,12). 13C NMR, δ 
(ppm), J (Hz): 13.59 (Me), 21.01 (C-3), 23.63 and 23.66 (two d, 3JPC = 3.8, CH2Me), 24.21 (d, 
2JPC = 14.5, CH2C2H5), 24.26 (C-8), 24.40 (C-7), 26.50 (C-2), 27.09 (C-9), 28.38 and 28.44 (d, 
1JPC = 64.8 and 65.2, PCH2), 28.53 (d, 1JPC = 63.4, C-13), 38.03 (C-1), 56.79 (C-4,6), 64.44 (d, 
2JPC = 2.7, C-12), 64.68 (C-9a), 70.12 (C-10). 31P NMR, δ (ppm): 48.63. IR, ν (cm-1): 1065 
(P=O), 1010 (C-O-C). Anal. Calcd. for C20H40NO2P: C, 67.19; H, 11.28; N, 3.92; P, 8.66%. 
Found: C, 67.48; H, 11.08; N, 3.65; P, 8.36%.  
Di(2-phenethyl)[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine oxide (9). 
Colorless oil, 0.15 g (97%) yield, [α]20

D –1.6 (c 1.5, CHCl3). 1H NMR, δ (ppm): 1.15-1.25 (m, 
1H, H-8'), 1.27-1.44 (m, 4H, H-2,3), 1.47-1.53 (m, 2H, H-7), 1.62-1.71 (m, 2H, H-1,8"), 1.72-
1.80 (m, 5H, H-4a,6a,9,9a), 1.90-2.08 (m, 6H, H-13, PCH2), 2.69-2.82 (m, 6H, H-4e,6e,CH2Ph), 
3.49-3.65 (m, 4H, H-10,12), 7.12-7.28 (m, 10H, Ph). 13C NMR, δ (ppm), J (Hz): 21.06 (C-3), 
24.85 (C-8), 25.30 (C-7), 27.00 (C-9), 27.58 (d, 2JPC = 17.6, CH2Ph), 28.89 (d, 1JPC = 62.3, C-
13), 29.57 (C-2), 32.21 (d, 1JPC = 63.0, PCH2), 38.47 (C-1), 57.21 (C-4,6), 63.93 (d, 2JPC = 3.9, 
C-12), 64.46 (C-9a), 69.40 (C-10), 125.66 (C-p), 127.83 (C-o), 128.15 (C-m), 141.58 (d, 3JPC = 
13.0, C-i). 31P NMR, δ (ppm): 46.43. IR, ν (cm-1): 1158 (P=O), 1108, 1095 (C-O-C). Anal. 
Calcd. for C28H40NO2P: C, 74.14; H, 8.89; N, 3.09; P, 6.83%. Found: C, 74.28; H, 9.08; N, 3.15; 
P, 6.56%. 
 
General procedure for the synthesis of tertiary phosphine sulfides 7, 10 (Table 2)  
A mixture of phosphine 2, 3 and elemental sulfur in toluene was heated at 50 °C upon stirring 
under argon for 3 h. Unreacted S8 was filtered and the solvent was removed from the filtrate. The 
crude product, a viscous undistillable liquid, was purified by column chromatography on Al2O3 
(hexane) to give the phosphine sulfide 7, 10. 
Dibutyl[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine sulfide (7). Yellowish 
oil, 0.29 g (88%) yield. 
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Di(2-phenethyl)[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]phosphine sulfide (10). 
Yellowish oil, 0.29 g (90%) yield, [α]23

D –6.2 (c 2.0, EtOH). 1H NMR, δ (ppm): 1.30 (m, 2H, H-
2',8'), 1.38-1.42 (m, 3H, H-2",3), 1.48-1.52 (m, 2H, H-7), 1.60-1.80 (m, 3H, H-1,8",9'), 1.88-1.92 
(m, 4H, H-4a,6a,9",9a), 2.11-2.20 (m, 6H, H-13, PCH2), 2.79 (m, 2H, H-4e,6e), 2.91-2.94 (m, 
4H, CH2Ph), 3.59−3.79 (m, 4H, H-10,12), 7.18-7.27 (m, 10H, Ph). 13C NMR, δ (ppm), J (Hz): 
21.27 (C-3), 24.99 (C-8), 25.33 (C-7), 27.16 (C-9), 28.60 (CH2Ph), 29.72 (C-2), 31.65 (d, 1JPC = 
49.5, C-13), 33.50 and 33.54 (two d, 1JPC = 48.0 and 48.4, PCH2), 38.58 (C-1), 57.33 (C-4,6), 
64.50 (C-9a), 64.86 (d, 2JPC = 4.0, C-12), 70.31 (C-10), 126.47 (C-p), 128.25 (C-o), 128.68 (C-
m), 140.86 (d, 3JPC = 14.3, C-i). 31P NMR, δ (ppm): 48.11. IR, ν (cm-1): 1101 (C-O-C), 601 
(P=S). Anal. Calcd. for C28H40NOPS: C, 71.60; H, 8.58; N, 2.98; P, 6.59; S, 6.83%. Found: C, 
71.30; H, 8.50; N, 3.05; P, 6.25; S, 6.95%. 
 
Synthesis of di(2-phenethyl)[2-(octahydro-2H-quinolizin-1-ylmethyloxy)ethyl]-phosphine 
selenide (11)  
A mixture of phosphine 3 (0.33 g, 0.75 mmol) and elemental selenium (0.07 g, 0.89 mmol) in 
toluene was heated at 50 °C upon stirring under argon for 3 h. Unreacted Se was filtered and the 
solvent was removed from the filtrate. The crude product, a viscous undistillable liquid, was 
purified by column chromatography on Al2O3 (hexane).Yellowish oil, 0.29 g (75%) yield, [α]22

D 
–8.9 (c 2.0, CHCl3). 1H NMR, δ (ppm): 1.20-1.25 (m, 2H, H-2',8'), 1.39 (m, 3H, H-2",3), 1.50-
1.59 (m, 2H, H-7), 1.60-1.80 (m, 4H, H-1,8",9), 1.90 (m, 3H, H-4a,6a,9a), 2.21-2.30 (m, 6H, H-
13,PCH2), 2.79 (m, 2H, H-4e,6e), 2.80-2.98 (m, 4H, CH2Ph), 3.59-3.79 (m, 4H, H-10,12), 7.18-
7.27 (m, 10H, Ph). 13C NMR, δ (ppm), J (Hz): 21.28 (C-3), 24.97 (C-8), 27.09 (C-7), 27.75 (C-
9), 29.41 (CH2Ph), 29.73 (C-2), 31.51 (d, 1JPC = 43.6, C-13), 32.62 and 33.11 (two d, 2JPC = 41.0, 
PCH2), 38.58 (C-1), 57.33 (C-4,6), 64.37 (C-9a), 65.57 (d, 2JPC = 3.7, C-12), 69.79 (C-10), 
126.54 (C-p), 128.32 (C-o), 128.72 (C-m), 140.63 (d, 3JPC = 14.7, C-i). 31P NMR, δ (ppm): 40.68. 
77Se NMR, δ (ppm), J (Hz): –384.89 (d, 1JPSe 696.1). IR, ν (cm-1): 1101 (C-O-C), 464 (P=Se). 
Anal. Calcd. for C28H40NOPSe: C, 65.10; H, 7.81; N, 2.41; P, 6.00; Se, 15.29%. Found: C, 
64.90; H, 7.60; N, 2.15; P, 6.25; Se, 14.95%. 
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