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Abstract 

Terpenyl alcohols, (-)-nopol and (-)-myrtenol were efficiently applied in the synthesis of new diselenides. The 

pinane skeleton, as the core of the structure, was decorated at the C-10 position by hydroxyl and O-trityl 

groups, and also OPh and SePh substituents connected to the C-10 carbon by –CH2- linker. The diselenides 

were transformed to electrophilic selenium reagents and tested in asymmetric methoxyselenenylation of 

styrene, and selenocyclization of o-allylphenol. 
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Introduction 
 

One advantage of organoselenium compounds is their broad applicability. They have been successfully used as 

reagents in the formation of new carbon-carbon and carbon-heteroatom bonds and as catalysts in asymmetric 

synthesis, for example in asymmetric epoxidation, cyclopropanation and aziridination reactions.1-2 This field of 

research is constantly expanding as Se-containing molecules are powerful reagents that can provide good 

chemo-, regio- and stereoselectivity. Diselenides especially can be acclaimed as one of the most useful classes 

of organoselenium compounds. These derivatives can be easily transformed into nucleophilic, electrophilic 

and radical reagents providing highly efficient precursors for new bond formation.3-8 Looking for new selenium 

derivatives is also interesting due to their biological and pharmacological functions.9-15 

Addition to double bonds is one of the most common chemical transformations. Formation of the addition 

products by organoselenium electrophiles 1 proceeds by a two-step mechanism. Initial formation of a 

seleniranium ion 2 is followed by anti-addition of an internal 3 or external nucleophile 4. When addition is an 

intramolecular process, a cyclization takes place. Depending on the regioselectivity of the reaction, endo 6 or 

exo 7 cyclization products are observed (Scheme 1).16-17 

 

 

Scheme 1. Mechanism of selenenylation and selenocyclization reactions. 

 

The selectivity of the reaction can be influenced by the type of alkene, since the selenium reagent attacks 

the nucleophile from the less hindered side, and also by the structure of electrophilic selenium reagent (RSeX). 

The intramolecular nonbonding interactions between selenium and other heteroatoms are highly interesting 

and can influence the stereoselectivity of the performed reactions. These interactions, engaging the free 

electron pair of the heteroatom and the selenum σ* orbital, stabilize the required structure of the reagent, 

thus improving the stereoselectivity.18 The type of heteroatom and its placement in the structure of the 

molecule, particularly its distance from the selenium atom, can significantly influence the reactivity of the 

compound.  

Previously, our research group has synthesised several examples of terpenyl diselenides, bearing an 

additional heteroatom, and transformed them into corresponding electrophiles and used these as reagents in 

the asymmetric selenenylation of olefins and selenocyclization of unsaturated alcohols and acids.19-26 

Application of dipinocamphyl diselenides 8 and 9 substituted with phenylselenyl and pentafluorophenoxy 

groups resulted in good diastereomeric ratios with moderate yields. For diselenide 10, bearing a hydroxyl 

group, the diastereomeric excess was minimal. In this paper we have changed the stereochemistry of the C3 

carbon of compound 10 and evaluated the influence of this property on the formation of the diastereomers. 
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The stereoselectivity of methoxyselenenylation performed with diisopinocamphyl diselenide 11 and myrtanyl 

diselenide 12 was comparable.23-24 The best diastereoselectivity for terpenyl diselenides, dr 90:10, was 

observed for bis(cis-3-hydroxyisocaranyl) diselenide 13 (Figure 1).25 

 

 
 

Figure 1. Results for the selenenylation and selenocyclization reaction performed with diselenides 8-13.  

 

The goal of this project was to synthetize dipinanyl diselenides with the selenium reactive center separated 

from the heteroatom by four carbon atoms and investigate their reactivity in additions to double bonds and 

selenocyclization reactions. The aim was also the synthesis of highly hindered derivatives substituted with a 

trityl group.  

 

 

Results and Discussion 
 

In the first part of the investigation we have used commercially available (-)-nopol 14 as a precursor to 

synthesise pinane derived diselenides. Substrate 14 was converted to corresponding chloride 15 and tosylate 

16 by standard procedures described in previous papers.20 Next step involved the hydroboration oxidation of 

chloride 15 to alcohol 17 and further reaction with sodium diselenide yielding the final product 18. Tosylate 16 

was transformed to ether 19 and selenide 20 via treatment with sodium phenolate or sodium phenyl 

selenolate respectively. Obtained derivatives 19 and 20 were next converted to alcohols 21 and 22 (Scheme 

2).  
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Scheme 2. Synthesis of bis(3-hydroxynopyl) diselenide 18, and alcohols 21 and 22. 

 

Alcohols 21 and 22 were then treated with tosyl chloride yielding tosylate 23 and with 

triphenylphosphine/carbon tetrachloride to form corresponding chlorides 24 and 25. Further reaction of 

obtained tosylate and chlorides with sodium diselenide enabled to obtain diselenides 26 and 27 (Scheme 3)  
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Scheme 3. Synthesis of diselenides 26 and 27. 

 

In the next step, (-)-myrtenol 28 was converted into myrtenyl trityl ether 29. Hydroboration oxidation to 

alcohol 30, followed by mesylation and nucleophilic substitution with sodium diselenide yielded diselenide 32. 

The product was further hydrolyzed to bis(10-hydroxypinocamphyl) diselenide 33 (Scheme 4).  
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Scheme 4. Synthesis of pinocamphyl diselenides 32 and 33. 

 

The reactivity of diselenides obtained was tested in the methoxyselenenylation of styrene (Table 1).  

 

Table 1. Results for the asymmetric methoxyselenenylation of styrene. 

 

 
 

Diselenide Product dr Yield [%] 

18 34 63:37 20 

26 35 52:48 40 

33 36 72:28 65 

 

The best diastereoselectivity was obtained with diselenide 33. Inversion of configuration at the C3 carbon 

of compound 33 resulted in an improvement of stereoselectivity in comparison to diselenide 10, dr 52:48. 

Elongation of the C2 linker, from one –CH2- group (compound 11) to –CH2CH2- for diselenide 26 resulted in 

lower diastereoselectivity (Figure 1). In the case of trityl derivative 32, hydrolysis of the trityl moiety was 

observed in the addition reaction conditions, and the electrophilic reagent from diselenide 32 could not be 

generated. For compound 27 no addition product was observed.  

Diselenides 18 and 26 were also used in selenocyclization of o-allylphenol (Table 2). 

Cyclization performed with electrophiles formed from diselenides 18 and 26 resulted in moderate 

diastereoselectivity. The results showed that elongation of the carbon chain placed at the C2 position in the 

pinane skeleton decreases the selectivity of the Se-electrophile.  
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Table 2. Results for the asymmetric selenocyclization of o-allylphenol. 

 

 
 

Diselenide Product dr Yield [%] 

18 37 60:40 80 

26 38 56:44 62 

 

 

Conclusion 
 

We have reported an efficient methodology for the synthesis of new chiral diselenides with a pinane system. 

Hydroxy, phenoxy, phenylselenyl and trithyl groups were attached to the pinane skeleton at C10 and C11 

positions. The derivatives were converted into corresponding electrophilic reagents and tested in the 

asymmetric selenenylation and selenocyclization reactions. The best diastereoselectivity was observed for 10-

hydroxypinacamphyl diselenide, dr 72:28.  

 

 

Experimental Section 

 

General. 1H NMR spectra were obtained at 200, 300 or 700 MHz and chemical shifts were recorded relative to 

SiMe4 (δ 0.00) or solvent resonance (CDCl3 δ 7.26). Multiplicities were given as: s (singlet), d (doublet), dd 

(double doublet), ddd (double double doublet), t (triplet), dt (double triplet), td (triple doublet) and m 

(multiplet). The number of protons (n) for a given resonance was indicated by nH. Coupling constants are 

reported as a J value in Hz. 13C NMR spectra were acquired at 50.3 Hz and chemical shifts were recorded 

relative to solvent resonance (CDCl3 δ 77.25). Commercially available solvents THF, DMF, methanol, diethyl 

and petroleum ether (Aldrich) and chemicals were used without further purification. Column chromatography 

was performed using Merck Kieselgel 60 (0.06-0.2 mm).  

 

General procedure for the synthesis of terpene chlorides 15, 24 and 25. A mixture of terpene alcohol 14, 21 

or 22 (100 mmol) and triphenylphosphine (200 mmol) in CCl4 (240 mL) was refluxed for 24 h. The solution was 

cooled and petroleum ether (300 mL) was added. The precipitate formed was filtered off and the solution was 

concentrated under reduced pressure. Product 15 was isolated by vacuum distillation, and chlorides 24 and 25 

by column chromatography (petroleum ether/CHCl3 90:10).  

(1R)-(-)-nopyl chloride (15). 82%,  = -35.8 (c 2.36, CHCl3). 1H NMR (200 MHz, CDCl3): δH 0.83 (s, 3H, CH3), 

1.18 (d, J 9.9 Hz, 1H), 1.28 (s, 3H, CH3), 1.98-2.15 (m, 2H), 2.20-2.29 (m, 2H), 2.32-2.46 (m, 3H), 3.46-3.54 (m, 

2H), 5.30-5.34 (m, 1H). 13C NMR (CDCl3, 75.5 MHz): δC 21.2 (CH3), 26.2 (CH3), 31.3 (CH2), 31.6 (CH2), 38.0 (C), 

40.1 (CH2), 40.7 (CH), 42.4 (CH2), 44.5 (CH), 116.2 (CH), 144.4 (C). Anal. calcd for C11H17Cl (184.71): C, 71.53; H, 

9.28 Found: C, 71.45; H, 9.20. 
(1S)-(-)-10-Phenoxymethylpinocamphyl chloride (24). 29%,  = -30.7 (c 1.85, CHCl3). 1H NMR (300 MHz, 

CDCl3): δ = 1.07 (s, 3H), 1.22 (s, 3H), 1.27 (d, J 10.2 Hz, 1H), 1.87-1.98 (m, 2H), 2.14 (dt, J 6.3, 3.6 Hz, 1H), 2.21-
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2.29 (m, 2H), 2.45-2.56 (m, 1H), 2.64 (ddd, J 14.4, 9.6, 4.8 Hz, 1H), 2.67-2.74 (m, 1H), 3.94 (ddd, J 9.3, 7.2, 6.3 

Hz, 1H), 4.06 (ddd, J 9.3, 6.3, 6.3 Hz, 1H), 4.82 (ddd, J 9.9, 9.9, 8.4 Hz, 1H), 6.75-6.94 (m, 3H; 3×CH), 7.26‒7.33 

(m, 2H; 2×CH); 13C NMR (75.5 MHz, CDCl3): δ = 23.1 (CH3), 27.0 (CH3), 27.7 (CH2), 31.8 (CH2), 38.6 (CH2), 39.3 

(C), 41.2 (2×CH), 46.9 (CH), 55.4 (CH), 67.5 (CH2), 114.4 (2×CH), 120.5 (CH), 129.4 (2×CH.), 160.0 (C). Anal. calcd 

for C17H23ClO (278.82): C, 73.23; H, 8.31 Found: C, 73.20; H, 8.25. 
(1S)-(+)-10-Phenylselanylmethylpinocamphyl chloride (25). 34%,  = +29.2 (c 1.25, CHCl3). 1H NMR (300 

MHz, CDCl3): δ = 0.82 (s, 3H), 1.07 (d, J 9.6 Hz, 1H), 1.19 (s, 3H), 1.71 (ddd, J 14.1, 4.2, 2.7 Hz, 1H), 1.78-2.05 (m, 

6H), 2.24-2.42 (m, 1H), 2.45-2.55 (m, 1H), 2.93-3.01 (m, 2H), 4.06 (ddd, J 14.1, 9.0, 4.5 Hz, 1H), 7.22-7.30 (m, 

3H), 7.45-7.52 (m, 2H). 13C NMR (50.3 MHz, CDCl3): δ = 23.6 (CH3), 26.5 (CH2), 27.4 (CH3), 32.5 (CH2), 35.9 (CH2), 

37.9 (C), 39.1 (CH2), 41.5 (CH), 45.4 (CH), 53.1 (CH), 70.0 (CH), 126.7 (CH), 129.0 (2×CH), 130.3 (C), 132.4 

(2×CH). 77Se NMR (38.1 MHz, CDCl3): δ = 288.5 (SePh). Anal. calcd for C17H23ClSe (341.78): C, 59.74; H, 6.78 

Found: C, 59.87; H, 6.69. 

General procedure for the synthesis of terpene tosylates 16 and 23. Tosyl chloride (110 mmol) was added to 

a solution of terpene alcohol 14 or 21 (100 mmol) in dry pyridine (125 mL), cooled to 0 oC. The mixture was 

stirred at rt for 24 h, water (100 mL) was added and the resulting precipitate was filtered off, dried and used 

without further purification.  

(1R)-(-)-Nopyl tosylate (16). 65%,  = –27.5 (c 13.90, CHCl3). 1H NMR (200 MHz, CDCl3): δH 0.76 (s, 3H, CH3), 

1.08 (d, J 9.6 Hz, 1H), 1.23 (s, 3H, CH3), 1.90-1.97 (m, 1H), 2.00-2.13 (m, 1H), 2.17-2.39 (m, 5H), 2.45 (s, 3H, 

CH3), 4.02 (t, J 7.0 Hz, 2H), 5.22 (m, 1H), 7.33 (d, J 8.2 Hz, 2H), 7.78 (d, J 8.2 Hz, 2H). 13C NMR (CDCl3, 50 MHz): 

δC 21.0 (CH3), 21.5 (CH3), 26.1 (CH3), 31.2 (CH2), 31.4 (CH2), 36.0 (CH2), 37.9 (C), 40.5 (CH), 45.4 (CH), 68.5 (CH2), 

114.2 (CH), 127.8 (2×CH), 129.7 (2×CH), 133.2 (C), 142.6 (C), 144.6 (C). Anal. calcd for C18H24O3S (320.45): C, 

67.47; H, 7.55 Found: C, 67.57; H, 7.61. 
(1S)-(+)-10-Phenoxymethylisopinocamphyl tosylate (23). 63%,  = +5.49 (c 2.04, CHCl3). 1H NMR (200 

MHz, CDCl3): δH 0.57-0.79 (m, 2H), 1.00 (s, 3H, CH3), 1.03 (d, J 7.0 Hz, 3H, CH3,), 1.06 (s, 3H, CH3), 1.25-1.46 (m, 

2H), 1.82-2.28 (m, 3H), 3.44-3.58 (dd, J 8.2, 6.2 Hz, 1H), 6.97-7.05 (m, 1H), 7.20-7.38 (m, 2H), 7.52-7.57 (dd, J 

7.8, 1.0 Hz, 1H,). 13C NMR (CDCl3, 50 MHz): δC 15.7 (CH3), 17.8 (C), 18.7 (CH3), 21.0 (CH), 21.2 (CH), 24.6 (CH2), 

25.5 (CH2), 28.4 (CH3), 30.5 (CH), 45.9 (CH), 124.9 (C), 126.5 (CH), 127.5 (CH), 130.1 (CH), 133.0 (CH), 138.5 (C). 

Anal. calcd for C24H30O4S (414.56): C, 69.53; H, 7.29 Found: C, 69.50; H, 7.22. 

 

General procedure for the synthesis of terpene alcohols 17, 21, 22 and 30. To a solution of olefin 15, 19, 20 

or 29 (51.5 mmol) in dry THF (75 mL) cooled to 0 oC, borane–dimethyl sulfide complex (5.2 mL, 10 M, 51.5 

mmol) was added dropwise. The reaction was stirred at 0 oC for 1 h and at rt overnight. Water was added to 

the reaction mixture and solvent was evaporated. To the residue THF (75 mL), 3M NaOH (50 mL) and 30% 

H2O2 (20 mL) were added. The reaction mixture was stirred at 50 oC for 2 h, THF was evaporated and the water 

layer was washed with Et2O. The combined organic layers were dried over MgSO4 in the presence of MnO2, 

solvent was evaporated and the crude product was purified by column chromatography (silica gel, CHCl3). 
(1S)-(+)-10-Chloromethylisopinocampheol (17). 75%,  = +16.5 (c 2.79, CHCl3). 1H NMR (300 MHz, CDCl3): 

δH 0.88 (s, 3H, CH3), 1.08 (d, J 9.9 Hz, 1H), 1.21 (s, 3H, CH3), 1.73 (ddd, J 14.1, 4.2, 2.4 Hz, 1H, 1.75 (bs, 1H, OH), 

1.86-2.09 (m, 5H), 2.35-2.43 (m, 1H), 2.49-2.58 (m, 1H), 3.59-3.69 (m, 2H), 4.07-4.12 (m, 1H). 13C NMR (CDCl3, 

50 MHz): δC 23.7 (CH3), 27.4 (CH3), 33.6 (CH2), 37.9 (C), 38.5 (CH2), 39.8 (CH2), 41.5 (CH), 44.0 (CH2), 45.6 (CH), 

50.4 (CH), 70.0 (CH). Anal. calcd for C11H19ClO (202.72): C, 65.17; H, 9.45 Found: C, 65.06; H, 9.38. 
(1S)-(+)-10-Phenoxymethylisopinocampheol (21). 59%,  = +5.93 (c 1.58, CHCl3). 1H NMR (200 MHz, 

CDCl3): δH 0.96 (s, 3H, CH3), 1.16 (d, J 9.6 Hz, 1H), 1.22 (s, 3H, CH3), 1.67-2.17 (m, 6H), 2.26-2.61 (m, 3H), 4.01- 
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4.30 (m, 3H), 6.88–6.99 (m, 3H), 7.21–7.35 (m, 2H). 13C NMR (CDCl3, 50 MHz): δC 23.7 (CH3), 27.5 (CH3), 33.7 

(CH2), 35.7 (CH2), 37.9 (C), 38.3 (CH2), 41.5 (CH), 47.0 (CH), 51.0 (CH), 67.5 (CH2), 70.2 (CH2), 114.5 (2×CH), 

120.9 (CH), 129.5 (2×CH), 159.6 (C). Anal. calcd for C17H24O2 (260.37): C, 78.42; H, 9.29 Found: C, 78.38; H, 

9.33. 
(1S)-(+)-10-Phenylselanylmethylisopinocampheol (22). 34%,  = +29.2 (c 1.25, CHCl3). 1H NMR (200 MHz, 

CDCl3): δH 0.82 (s, 3H, CH3), 1.07 (d, J 9.6 Hz, 1H), 1.19 (s, 3H, CH3), 1.71 (ddd, J 14.1, 4.2, 2.7 Hz, 1H), 1.78–2.05 

(m, 6H), 2.24–2.42 (m, 1H), 2.45–2.55 (m, 1H), 2.93–3.01 (m, 2H), 4.06 (ddd, J 14.1, 9.0, 4.5 Hz, 1H), 7.22–7.30 

(m, 3H), 7.45–7.52 (m, 2H). 13C NMR (CDCl3, 50 MHz): δC 23.6 (CH3), 26.5 (CH2), 27.4 (CH3), 32.5 (CH2), 35.9 

(CH2), 37.9 (C), 39.1 (CH2),41.5 (CH), 45.4 (CH), 53.1 (CH), 70.0 (CH), 126.7 (CH), 129.0 (2×CH), 130.3 (C), 132.4 

(2×CH). 77Se NMR (38 MHz, CDCl3): δSe 288.5. Anal. calcd for C17H24OSe (323.33): C, 63.15; H, 7.48 Found: C, 

63.06; H, 7.63. 
(1S)-(+)-10-(Triphenylmethoxy)isopinocampheol (30). 94%,  = -29.90 (1.06, CHCl3). 1H NMR (700 MHz, 

CDCl3): δH 0.581 (s, 3H, CH3), 1.165 (s, 3H, CH3), 1.14-1.20 (m, 1H), 1.79 (ddd, J 14.0, 4.9, 2.1 Hz, 1H), 1.88 (t, J 

5.6 Hz, 1H,), 1.95-1.98 (m, 1H), 2.33-2.39 (m, 1H), 2.41-2.49 (m, 1H), 2.54 (s, 1H, OH), 3.15-3.19 (m, 1H), 3.32 

(dd, J 8.4, 5.6 Hz, 1H), 4.18 (dt, J 9.8, 4.9 Hz, 1H), 7.23-7.31 (m, 3H), 7.32-7.39 (m, 6H), 7.47-7.54 (m, 6H). 13C 

NMR (CDCl3, 50 MHz): δC 23.1 (CH3), 27.5 (CH3), 34.4 (CH2), 36.9 (CH2), 37.9 (C), 41.8 (CH), 43.5 (CH), 53.3 (CH), 

67.4 (CH2), 68.0 (CH), 87.0 (CH), 127.1 (3×CH), 127.9 (6×CH), 128.7 (6×CH), 144.0 (3×C). Anal. calcd for C29H32O2 

(412.56): C, 84.43; H, 7.82 Found: C, 84.70; H, 7.90. 

 

General procedure for the synthesis of compounds 19 and 20. To a solution of diphenyl diselenide (7.3 g, 

23.39 mmol), or phenol (46.80 mmol) for compound 19, in MeOH (45 mL), under argon and at 0 oC, sodium 

borohydride (1.77 g, 46.78 mmol) was added and the mixture was stirred for 10 min. A solution of (1R)-(-)-

nopyl tosylate  16 (15.00 g, 46.80 mmol) in MeOH (45 mL) was added and the mixture was stirred for 24 h at 

rt. The solution was poured on water and extracted with petroleum ether (3 x 100 mL). The combined organic 

layers were washed with brine, dried over anhydrous MgSO4 and evaporated. The crude product was purified 

using column chromatography (silica gel, 19: PE/AcOEt 95:5, 20: hexane). 

(1R)-(-)-Nopyl phenyl ether (19). 70%,  = -27.2 (c 3.99, CHCl3). 1H NMR (300 MHz, CDCl3): δH 0.84 (s, 3H, 

CH3), 1.21 (d, J 8.4 Hz, 1H, 1.25 (s, 3H, CH3), 2.08–2.11 (m, 2H), 2.22-2.26 (m, 2H), 2.38 (ddd, J 8.4, 8.4, 5.4 Hz, 

1H), 2.43–2.48 (m, 2H), 3.97 (t, J 7.5 Hz, 2H), 5.35–5.39 (m, 1H), 6.84–6.98 (m, 3H), 7.22–7.36 (m, 2H). 13C NMR 

(CDCl3, 50 MHz): δC 21.2 (CH3), 26.3 (CH3), 31.4 (CH2), 31.7 (CH2), 36.6 (CH2), 38.1 (C), 40.8 (CH), 46.0 (CH), 66.3 

(CH2), 114.6 (2×CH), 118.5 (CH), 120.5 (CH), 129.4 (2×CH), 144.6 (C), 158.9 (CH). Anal. calcd for C17H22O 

(242.36): C, 84.25; H, 9.15 Found: C, 84.22; H, 9.11. 

(1R)-(-)-Nopyl phenyl selenide (20). 88%,  = –18.9 (c 3.85, CHCl3). 1H NMR (300 MHz, CDCl3): δH 0.85 (s, 

3H, CH3), 1.08 (d, J 8.4 Hz, 1H), 1.28 (s, 3H, CH3), 2.02 (dt, J 7.2, 1.5 Hz, 1H), 2.07-2.25 (m, 3H), 2.31-2.36 (m, 

3H), 2.85-3.00 (m, 2H), 5.27 (m, 1H), 7.20-7.30 (m, 3H), 7.46-7.52 (m, 2H). 13C NMR (CDCl3, 50 MHz): δC 21.2 

(CH3), 25.4 (CH2), 26.3 (CH3), 31.2 (CH2), 31.7 (CH2), 37.6 (CH2), 38.0 (C), 40.8 (CH), 45.7 (CH), 117.4 (CH), 126.6 

(CH), 129.0 (2×CH), 132.4 (2×CH), 133.0 (C), 147.1 (C). 77Se NMR (38 MHz, CDCl3): δSe 303.0. Anal. calcd for 

C17H22Se (305.32): C, 66.88; H, 7.26 Found: C, 66.86; H, 7.23. 

 

General procedure for the synthesis of diselenides 18, 26, 27 and 32. To a suspension of selenium (3.95 g, 50 

mmol) and NaOH (3.00 g, 75.0 mmol) in dry DMF (100 mL) hydrazine hydrate (1.21 mL, 25.0 mmol) was added 

dropwise and the mixture was heated at 100 oC for 15 min. The reaction mixture was cooled to ambient 

temperature and the appropriate tosylate 23 (50.0 mmol), mesylate 31 (50.0 mmol) or chloride 17, 25 (50.0 
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mmol) dissolved in DMF (50 mL) was added. The mixture was stirred at 50 oC (rt for compound 32) for 24 h. 

The solution was poured on water (250 mL) and extracted with petroleum ether (4 x 100 mL). The combined 

organic layers were washed with water, brine, dried over anhydrous MgSO4 and evaporated. The crude 

product was purified using column chromatography (silica gel, 18: CH2Cl2/AcOEt 80:20, 26, 27: hexane, 32: 

CHCl3).  
(1S,1S’)-(-)-Bis(3-hydroxynopyl) diselenide (18). 52%,  = -11.6 (c 1.60, CHCl3). 1H NMR (200 MHz, CDCl3): 

δH 0.91 (s, 6H, CH3), 1.08 (d, J 9.9 Hz, 2H), 1.21 (s, 6H, CH3), 1.67-2.08 (m, 12H), 2.14-2.22 (m, 2H), 2.32-2.61 

(m, 4H), 2.97-3.08 (m, 4H), 4.03-4.14 (m, 2H). 13C NMR (CDCl3, 50 MHz): δC 23.8 (2×CH3), 27.4 (2×CH3), 28.5 

(2×CH2), 33.7 (2×CH2), 36.3 (2×CH2), 38.0 (2×C), 39.2 (2×CH2), 41.6 (2×CH), 45.4 (2×CH), 52.7 (2×CH), 70.1 

(2×CH). 77Se NMR (38 MHz, CDCl3): δSe 306.8. Anal. calcd for C22H38O2Se2 (492.46): C, 53.66; H, 7.78 Found: C, 

53.59; H, 7.70. 
(1S,1’S)-(+)-Bis(10-phenoxymethylpinocamphyl) diselenide (26). 32%,  = +44.4 (c 1.05, CHCl3). 1H NMR 

(200 MHz, CDCl3): δH 0.81-0.99 (m, 2H), 1.03 (s, 6H, CH3), 1.20 (s, 6H, CH3), 1.22-1.62 (m, 6H), 1.78-2.80 (m, 

16H), 3.83-4.06 (m, 4H), 4.18 (q, J 8.4 Hz, 2H), 6.81-6.95 (m, 6H), 7.20-7.35 (m, 4H). 13C NMR (CDCl3, 50 MHz): 

δC 23.2 (2×CH3), 27.3 (2×CH3), 27.3 (2×CH2), 33.0 (2×CH2), 36.7 (2×CH2), 39.3 (2×C), 40.6 (2×CH), 40.9 (2×CH), 

41.8 (2×CH), 46.1 (2×CH), 67.6 (2×CH2), 114.4 (4×CH), 120.4 (2×CH), 129.3 (4×CH), 158.9 (2×C). 77Se NMR (38 

MHz, CDCl3): δSe 356.3. Anal. calcd for C34H46O2Se2 (644.65): C, 63.35; H, 7.19 Found: C, 63.42; H, 7.32. 
(1S,1’S)-(+)-Bis(10-phenylselanylmethylisopinocamphyl) diselenide (27). 28%,  = +62.5 (c 1.11, CHCl3). 1H 

NMR (200 MHz, CDCl3): δH 0.94 (s, 6H, CH3), 1.18 (d, J 9.4 Hz, 2H), 1.20 (s, 6H, CH3), 1.74–2.60 (m, 16H), 2.82–

3.07 (m, 4H), 3.36–3.44 (m, 2H), 7.18–7.32 (m, 6H), 7.43–7.53 (m, 4H). 13C NMR (CDCl3, 50 MHz): δC 23.2 

(2×CH3), 26.0 (2×CH2), 27.6 (2×CH3), 32.6 (2×CH2), 35.9 (2×CH2), 38.5 (2×C), 38.8 (2×CH2), 40.1 (2×CH), 42.2 

(2×CH), 44.8 (2×CH), 51.8 (2×CH), 126.6 (2×CH), 129.0 (4×CH), 130.5 (2×C), 132.3 (4×CH). 77Se NMR (38 MHz, 

CDCl3): δSe 297.5, 463.4. Anal. calcd for C34H46Se4 (770.57): C, 53.00; H, 6.02 Found: C, 52.93; H, 6.13. 
(1S,1S’)-(+)-Bis[10-(triphenylmethoxy)pinocamphyl diselenide (32). 61%,  = 154.11 (2.65, CHCl3). 1H NMR 

(700 MHz, CDCl3): δH 0.60 (s, 6H, CH3), 1.17 (s, 6H, CH3), 1.30 (d, J 10.5 Hz, 2H), 1.87-1.93 (m, 4H), 2.25 (dt, J 

9.8, 4.9 Hz, 2H), 2.38-2.45 (m, 4H), 2.78-2.84 (m, 2H), 3.19 (t, J 9.1 Hz, 2H), 3.44 (dd, J 9.1, 5.6 Hz, 2H), 3.95-

4.01 (m, 2H), 7.21-7.24 (m, 6H), 7.28-7.31 (m, 12H), 7.45-7.48 (m, 12H). 13C NMR (CDCl3, 50 MHz): δC 22.4 

(2×CH3), 27.2 (2×CH3), 27.4 (2×CH2), 36.5 (2×CH2), 36.9 (2×CH), 39.2 (2×C), 41.8 (2×CH), 44.0 (2×CH), 44.2 

(2×CH), 66.1 (2×CH2), 86.4 (2×C), 126.8 (6×CH), 127.6 (12×CH), 128.8 (12×CH), 144.4 (6×C). 77Se NMR (38 MHz, 

CDCl3): δSe 366.95. Anal. calcd for C58H62O2Se2 (949.03): C, 73.40; H, 6.58 Found: C, 73.37; H, 6.48.  

 (1S)-(-)-6,6-Dimethyl-2-((trityloxy)methyl)bicyclo[3.1.1]hept-2-ene (29). To a solution of (1R)-(-)-myrtenol 

(10.0 g, 65.7 mmol) in pyridine (5.3 g, 65,7 mmol) and CH2Cl2 (130 mL) trityl chloride (18,3 g, 65.7 mmol) was 

added and the mixture was stirred for 24 h at rt. The solution was poured into water (100 mL) and extracted 

with CH2Cl2 (2 x 20 mL). The combined organic layers were dried over anhydrous MgSO4 and evaporated. The 
crude product was purified by crystallization (Et2O/MeOH). 78%,  = -16.12 (1.46, CHCl3). 1H NMR (700 

MHz, CDCl3): δH 0.93 (s, 3H, CH3), 1.22 (d, J 8.4 Hz, 1H), 1.29 (s, 3H, CH3), 1.97 (td, J 5.6, 1.4 Hz, 1H), 2.13-2.16 

(m, 1H), 2.31-2.41 (m, 3H), 3.44-3.49 (m, 2H), 5.72-5.74 (m, 1H), 7.24-7.27 (m, 3H), 7.28-7.33 (m, 6H), 7.48-

7.51 (m, 6H). 13C NMR (CDCl3, 50 MHz): δC 21.1 (CH3), 26.2 (CH3), 31.3 (CH2), 31.5 (CH2), 38.0 (C), 41.1 (CH), 

43.6 (CH), 66.5 (CH2), 86.5 (C), 117.1 (CH), 126.8 (3×CH), 127.7 (6×CH), 128.6 (6×CH), 144.4 (3×C), 145.5 (C). 

Anal. calcd for C29H30O (394.55): C 88.28; H 7.66 Found: C 88.03; H 7.72. 

(1R)-(+)-6,6-Dimethyl-2-((trityloxy)methyl)bicyclo[3.1.1]heptan-3-yl methanesulfonate (31). To a solution of 

10-(triphenylmethoxy)-isopinocampheol (6.2 g, 15 mmol) in dry Et2O (100 mL) cooled to -30 oC, under argon 

atmosphere, Et3N (6.3 mL, 45 mmol) was added dropwise followed by the addition of mesyl chloride (3.5 g, 30 

mmol). The mixture was stirred for 1.5 h at rt. The solution was poured into water (100 mL) and extracted with 
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CH2Cl2 (2 x 20 mL). The combined organic layers were dried over anhydrous MgSO4 and evaporated. The crude 
product was purified by crystallization (Et2O/hexane). 69%,  = +23.86 (1.38, CHCl3). 1H NMR (700 MHz, 

CDCl3): δH 0.58 (s, 3H, CH3), 1.20 (s, 3H, CH3), 1.21 (d, J 10.5 Hz, 1H), 1.94-1.99 (m, 1H), 2.15 (dt, J 14.7, 3.5 Hz, 

1H), 2.29 (td, J 5.6, 1.4 Hz, 1H), 2.46-2.51 (m, 1H), 2.55-2.60 (m, 2H), 2.84 (s, 3H, CH3), 3.20 (t, J 8.4 Hz, 1H), 

3.24 (dd, J 9.1, 5.6 Hz, 1H), 4.78-4.83 (m, 1H), 7.24-7.29 (m, 3H), 7.31-7.35 (m, 6H), 7.45-7.48 (m, 6H). 13C NMR 

(CDCl3, 50 MHz): δC 23.5 (CH3), 26.9 (CH3), 32.7 (CH2), 36.6 (CH2), 37.8 (C), 38.6 (CH3), 41.2 (CH), 42.8 (CH), 49.7 

(CH), 65.0 (CH2), 78.1 (CH), 86.7 (C), 127.0 (3×CH), 127.8 (6×CH), 128.7 (6×CH), 143.9 (3×C). Anal. calcd for 

C30H34O4S (490.65): C 73.44; H 6.98 Found: C 73.68; H 7.14.  

((1R)-(-)-6,6-Dimethyl-3-(methylselanyl)bicyclo[3.1.1]heptan-2-yl)methanol (33). To a solution of diselenide 

31 (2 g, 2.1 mmol) in CH2Cl2 (20 mL), HClaq (37%, 0.5 mL) was added. The mixture was stirred for 1 h at rt and 

washed with water until pH=7. The organic layer was dried over anhydrous MgSO4 and evaporated. The crude 
product was purified by column chromatography (CHCl3). 30%,  = -9.19 (1.45, CHCl3). 1H NMR (700 MHz, 

CDCl3): δH 0.93 (s, 6H, CH3), 1.21 (s, 6H, CH3), 1.39 (d, J 9.8 Hz, 2H), 1.94-1.98 (m, 2H), 2.15 (dd, J 14, 9.1 Hz, 

2H), 2.18-2.21 (m, 2H), 2.24-2.29 (m, 2H), 2.13-2.30 (bs, 1H, OH), 2.56 (ddd, J 14.0, 9.8, 4.9 Hz, 2H), 2.64-2.69 

(m, 2H), 3.60 (dd, J 11.9, 4.9 Hz, 2H), 4.11-4.16 (m, 2H), 4.18 (dd, J 11.2, 7.7 Hz, 2H). 13C NMR (CDCl3, 50 MHz): 

δC 23.2 (2×CH3), 27.1 (2×CH3), 27.5 (2×CH2), 36.7 (2×CH2), 39.0 (2×C), 39.9 (2×CH), 41.7 (2×CH), 46.0 (2×CH), 

48.4 (2×CH), 66.3 (2×CH2). 77Se NMR (38 MHz, CDCl3): δSe 365.92. Anal. calcd for C20H34O2Se2 (464.40): C 51.73; 

H 7.38 Found: C 51.62; H 7.45. 

 

General procedure for the methoxyselenenylation of styrene. To a solution of diselenide (0.58 mmol) 

dissolved in dry CH2Cl2 (8 mL), cooled to -78 oC, a solution of bromine in CCl4 (0.58 mL, 1M, 0.58 mmol) was 

added dropwise. After 15 min, a 0.70 M MeOH solution of silver triflate (320 mg, 1.80 mL) was added at –78 oC 

and the mixture stirred for another 15 min. Styrene (2.9 mmol) was added and the mixture was stirred at the 

same temperature for 2 h. The reaction mixture was poured on 10% NaHCO3 solution, diluted with 50 mL of 

CH2Cl2, washed with water and brine, dried over MgSO4 and concentrated in vacuo. The crude product was 

purified by column chromatography (silica gel, petroleum ether/EgtOAc 95:5). 

(1S)-3-Hydroxynopyl-(2-methoxy-2-phenylethyl) selenide (34). 20%, dr 63:37. 1H NMR (200 MHz, CDCl3): δH 

main diastereoisomer δ = 0.85 (s, 3H, CH3), 1.08 (d, J 9.6 Hz, 1H), 1.19 (s, 3H, CH3), 1.62-2.06 (m, 7H), 2.29-2.61 

(m, 4H), 2.76 (dd, J 12.6, 5.6 Hz, 1H), 2.98 (dd, J 12.6, 8.0 Hz, 1H), 3.24 (s, 3H, OCH3), 4.01 (m, 1H), 4.32 (ddd, J 

8.2, 5.6, 3.0 Hz, 1H), 7.22-7.40 (m, 5H) ppm; minor diastereoizomer – only separated signals: 2.73 (dd, J 12.6, 

5.6 Hz, 1H), 2.96 (dd, J 12.6, 8.0 Hz, 1H). 13C NMR (CDCl3, 50 MHz): δC main diastereoisomer δ = 23.6 (CH3), 

23.7 (CH2), 27.4 (CH3), 31.0 (CH2), 33.4 (CH2), 36.1 (CH2), 37.9 (C), 38.9 (CH2), 41.5 (CH), 45.7 (CH), 53.2 (CH), 

56.8 (OCH3), 69.9 (CH), 84.3 (CH), 126.6 (2×CH), 127.9 (CH), 128.4 (2×CH), 141.3 (C) ppm; minor 

diastereoisomer – only separated signals: 30.9 (CH2), 36.2 (CH2), 45.6 (CH), 84.4 (CH). 77Se NMR (38 MHz, 

CDCl3): δSe main diastereoisomer δ = 147.2 (Se) ppm; minor diastereoisomer: 148.4 Anal. calcd for C20H30O2Se 

(381.41): C, 62.98; H, 7.93 Found: C, 62.80; H, 7.90. 

(1S)-10-Phnoxymethylpinocamphyl-(2-methoxy-2-phenylethyl) selenide (35). 40%, dr 61:39. 1H NMR (200 

MHz, CDCl3): δH main diastereoisomer δ = 0.98 (s, 3H, CH3), 1.18 (s, 3H, CH3), 1.21-1.34 (m, 2H), 1.82-2.19 (m, 

4H), 2.22-2.56 (m, 3H), 2.78 (dd, J 12.0, 5.2 Hz, 1H), 3.03 (dd, J 12.0, 7.8 Hz, 1H), 3.25 (s, 3H, OCH3), 3.58-3.74 

(m, 1H), 3.90-4.00 (m, 2H), 4.37 (dd, J 7.8, 5.2 Hz, 1H), 6.80-6.97 (m, 3H), 7.20-7.38 (m, 7H) ppm; minor 

diastereoisomer – only separated signals: 2.76 (dd, J 12.0, 5.2 Hz, 1H), 3.06 (dd, J 12.0, 7.8 Hz, 1H), 3.26 (s, 3H, 

OCH3) ppm. 13C NMR (CDCl3, 50 MHz): δC main diastereoisomer δ = 23.4 (CH3), 27.1 (CH2), 27.3 (CH3), 30.9 

(CH2), 32.9 (CH2), 34.1 (CH), 36.1 (CH2), 39.3 (C), 39.9 (CH), 41.7 (CH), 45.9 (CH), 56.9 (OCH3), 67.5 (CH2), 84.4 

(CH), 114.4 (2×CH), 120.3 (CH), 126.7 (2×CH), 127.9 (CH), 128.4 (2×CH), 129.3 (2×CH), 141.3 (C), 159.0 (C) ppm; 
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minor diastereoisomer – only separated signals: 30.7 (CH2), 32.8 (CH2), 33.9 (CH), 36.3 (CH2), 46.0 (CH), 84.1 

(CH), 141.2 (C). 77Se NMR (38 MHz, CDCl3): δSe main diastereoisomer δ = 203.5 (Se) ppm; minor 

diastereoisomer: 204.4. Anal. calcd for C26H34O2Se (457.51): C, 67.71; H, 7.27 Found: C, 67.72; H, 7.17.  

((1R)-3-Hydroxymyrtanyl-(2-methoxy-2-phenylethyl) selenide (36). 65%, dr 72:28. 1H NMR (700 MHz, CDCl3): 

δH main diastereoisomer δ=0.86 (s, 3H, CH3), 1.17 (s, 3H, CH3), 1.29 (d, J 10.5 Hz, 1H), 1.85-1.91 (m, 1H), 2.07-

2.14 (m, 2H), 2.16-2.22 (m, 1H), 2.36-2.44 (m, 1H), 2.44-2.52 (m, 1H), 2.90 (dd, J 12.6, 4.9 Hz, 1H), 2.93-3.04 

(m, 1H), 3.11 (dd, J 12.6, 7.7 Hz, 1H), 3.26 (s, 3H, CH3), 3.45-3.51 (m, 1H), 3.51-3.61 (m, 1H), 4.10-4.18 (m, 1H), 

4.38 (dd, J 7.7, 4.9 Hz, 1H), 7.28-7.40 (m, 5H); minor diastereoisomer - only separated signals δ=3.26 (s, 3H, 

CH3), 4.32 (dd, J 7.7, 4.9 Hz, 1H). 13C NMR (CDCl3, 50 MHz): δC main diastereoisomer δ=23.45 (CH3), 27.18 

(CH3), 27.42 (CH2), 32.55 (CH2), 33.45 (CH), 36.75 (CH2), 38.86 (C), 41.68 (CH), 46.72 (CH), 48.68 (CH), 56.87 

(CH3), 66.74 (CH2), 83.55 (CH), 126.62 (2×CH), 128.11 (CH), 128.57 (2×CH), 140.90 (C); minor diastereoisomer – 

only separated signals δ=23.42 (CH3), 27.38 (CH2), 32.41 (CH2), 33.84 (CH), 36.53 (CH2), 41.64 (CH), 48.40 (CH), 

56.98 (CH3), 66.83 (CH2), 84.08 (CH), 126.59 (2×CH), 128.58 (2×CH). 77Se NMR (38 MHz, CDCl3): δSe main 

diastereoisomer: 188.66; minor diastereoisomer: 191.73. Anal. calcd for C19H28O2Se (367.38): C 62.12; H 7.68 

Found: C 62.47; H 7.56.  

 

General procedure for the selenocyclization of o-allylphenol. To a solution of diselenide (1.0 mmol) dissolved 

in dry CH2Cl2 (39.5 mL), cooled to -78 oC, under argon atmosphere, solution of bromine in CCl4 (1.0 mL, 1.0 

mmol) was added dropwise. After 15 min, a MeOH (1.8 mL) solution of silver triflate (320 mg) was added at –

78 oC and the mixture stirred for another 15 min. o-Allylphenol (0.38 µl, 2.9 mmol) was added and the mixture 

was stirred at the same temperature for 2 h. The reaction mixture was poured into 10% NaHCO3 (75 mL) 

solution, diluted with 75 mL of CH2Cl2, washed with water and brine, dried over MgSO4 and concentrated in 

vacuo. The crude product was purified by column chromatography (silica gel, petroleum ether/EtOAc 95:5).  

2-{[(1S)-3-Hydroxynopylselanyl]methyl}-2,3-dihydrobenzofuran (37). 88%, dr 60:40. 1H NMR (300 MHz, 

CDCl3): δH main diastereoisomer δ = 0.88 (s, 3H, CH3), 1.06 (d, J 9.8 Hz, 1H), 1.21 (s, 3H, CH3), 1.66–1.98 (m, 

7H), 2.30–2.59 (m, 2H), 2.73–3.08 (m, 5H), 3.38 (dd, J 15.8, 9.0 Hz, 1H), 4.04–4.14 (m, 1H), 4.92–5.03 (m, 1H), 

6.75 (d, J 7.8 Hz, 1H), 6.84 (t, J 7.4 Hz, 1H), 7.06-7.18 (m, 2H) ppm; minor diastereoisomer – only separated 

signals: 1.22 (s, 3H, CH3), 6.85 (t, J 7.4 Hz, 1H). 13C NMR (CDCl3, 50 MHz): δC main diastereoisomer δ = 23.5 

(CH2), 23.6 (CH3), 27.3 (CH3), 28.6 (CH2), 33.4 (CH2), 35.6 (CH2), 36.2 (CH2), 37.8 (C), 39.0 (CH2), 41.0 (CH), 45.5 

(CH), 52.9 (CH), 69.8 (CH), 82.6 (CH), 109.2 (CH), 120.4 (CH), 124.8 (CH), 126.2 (C), 127.9 (CH), 159.0 (C) ppm; 

minor diastereoisomer – only separated signals: 36.3 (CH2), 53.1 (CH), 82.5 (CH). 77Se NMR (38 MHz, CDCl3): 

δSe 139.9. Anal. calcd for C20H28O2Se (379.40): C, 63.31; H, 7.44 Found: C, 63.42; H, 7.40. 

2-{[(1S)-10-Phenoxymethylpinocamphylselanyl]methyl}-2,3-dihydrobenzofuran (38). 62%, dr 56:44. 1H NMR 

(200 MHz, CDCl3): δH 1.01 (s, 3H, CH3), 1.22 (s, 3H, CH3), 1.23-1.86 (m, 6H), 1.90–2.71 (m, 6H), 2.78-3.14 (m, 

3H), 3.38 (dd, J 15.9, 9.0 Hz, 1H), 3.91-4.09 (m, 2H), 4.85-5.03 (m, 1H), 6.76-6.98 (m, 4H), 7.03-7.36 (m, 5H). 13C 

NMR (CDCl3, 50 MHz): δC main diastereoisomer δ = 23.5 (CH3), 27.2 (CH2), 27.3 (CH3), 28.7 (CH2), 33.0 (CH2), 

34.7 (CH), 35.8 (CH2), 36.6 (CH2), 39.4 (C), 40.1 (CH), 41.9 (CH), 46.1 (CH), 67.5 (CH2), 82.6 (CH), 109.4 (CH), 

114.5 (2×CH), 120.5 (2×CH), 125.0 (CH), 126.4 (C), 128.0 (CH), 129.4 (2×CH), 159.0 (C), 159.3 (C) ppm; minor 

diastereoisomer – only separated signals: 28.4 (CH2), 46.0 (CH), 82.7 (CH), 109.4 (CH). 77Se NMR (38 MHz, 

CDCl3): δSe main diastereisomer: 190.9; minor diastereoisomer: 196.4. Anal. calcd for C26H32O2Se (455.49): C, 

68.56; H, 7.08 Found: C, 68.66; H, 7.19. 
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