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Scope and Limitations of the [1,2]-Alkylsulfanyl (SMe, SEt and SCH2Ph) and Sulfanyl (SH) Migration in the Stereospecific Synthesis of Substituted Tetrahydrofurans
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Experimental

All solvents were distilled before use.  Tetrahydrofuran (THF) and ether were freshly distilled from LiAlH4, whilst dichloromethane (CH2Cl2) and toluene were freshly distilled from CaH2.  Triphenylmethane was used as the indicator for THF.  n-BuLi was titrated against diphenylacetic acid before use.  All reactions were carried out under nitrogen using oven-dried glassware.  Flash column chromatography was carried out using Merck Kieselgel 60 (230-400 mesh).  Thin layer chromatography (TLC) was carried out on commercially available pre-coated plates (Merck Kieselgel 60F254 silica).  Proton and carbon NMR spectra were recorded on a Bruker WM 200, WM 250, WM400 or WM500 Fourier transform spectrometer using an internal deuterium lock.  Chemical shifts are quoted in parts per million downfield of tetramethylsilane.  Carbon NMR spectra were recorded with broad proton decoupling and Attached Proton Test (ATP).  The symbol * after the carbon shift indicates an even number of attached protons; i.e., CH2 or quaternary carbons.  Mass spectra were recorded on an AEI Kratos MS30 or MS890 machine using a DS503 data system for high resolution analysis.

1-Methylsulfanyl-cyclohexanecarboxaldehyde 8a
Sulfuryl chloride (0.38 g, 4.1 ml, 2.8 mmol) was slowly added to a stirred solution of methyl disulfide (0.26 g, 0.27 ml, 2.8 mmol) and pyridine (4 drops by pipette) in CH2Cl2 (30 ml) at 0oC and stirred for 1 hour.  The solution was pre-cooled to -78oC and then added slowly to a solution of silyl enol ether 7 (1.0 g, 5.6 mmol) in THF (30 ml) at -78oC. The solution was allowed to warm to room temperature and stirred for a further 1 hour. This solvent was then removed under reduced pressure. The residue was purified by flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) to give the aldehyde 8a (1.52 g, 97 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 1750 (CHO); H(400 MHz, CDCl3) 8.92 (CHO), 1.97-1.88 (2 H, m, CH2), 1.76 (3 H, s, MeS), 1.76-1.66 (2 H, m, CH2), 1.58-1.49 (3 H, m, CH2 and CHAHB) and 1.41-1.36 (3 H, m, CH2 and CHAHB); C(100 MHz, CDCl3) 191.8 (CHO), 55.2* (CSMe), 29.8*, 25.5* and 23.0* (3 × CH2); m/z 215.1 (30%, M – OAr), 129.1 (100, C6H10SMe) and 81.1 (50, C6H9).

1-Ethylsulfanyl-cyclohexanecarboxaldehyde 8b
In the same way as for the aldehyde 8a, ethyl disulfide (0.32 g, 0.32 ml, 2.65 mmol), sulfuryl chloride (0.37 g, 0.22 ml, 2.8 mol), pyridine (3 drops by pipette), and silyl enol ether 7 (1 g, 5.32 mmol) gave, after flash column chromatography eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 8b (0.89 g, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.75; vmax(film, CDCl3)/cm-1 1750 (CO); H(400 MHz, CDCl3) 8.97 (1 H, s, CHO), 2.24 (2 H, q, J 7.5, CH2Me), 1.98-1.89 (2 H, m, CH2), 1.75-1.64 (2 H, m, CH2), 1.59-1.47 (4 H, m, CH2), 1.39-1.24 (2 H, m, CH2) and 1.13 (3 H, t, J 7.5, MeCH2); C(100 MHz, CDCl3) 192.8 (CHO), 56.3* (CSCH2), 30.4* (CH2S), 25.5*, 23.0* and 21.1* (3 ( CH2) and 14.2 (Me); m/z 142.1 (100%, M – Et + H) and 111.1 (100, M – SEt).

1-Benzylsulfanyl-cyclohexanecarboxaldehyde 8c

In the same way as for the aldehyde 8a, benzyl disulfide (1.3 g, 5.3 mmol), sulfuryl chloride (0.75 g, 0.44 ml, 5.5 mol), pyridine (5 drops by pipette) and silyl enol ether 7 (2 g, 10.6 mmol) in CH2Cl2 (60 ml) gave, after flash column chromatography eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 8c (2.09 g, 83 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 1750 (CO); H(400 MHz, CDCl3) 9.06 (1 H, s, CHO), 7.39-7.20 (5 H, m, SPh), 3.41 (2 H, s, CH2Ph), 2.05-1.95 (2 H, m, CH2) and 1.79-1.26 (8 H, m, 4 ( CH2); C(100 MHz, CDCl3) 192.7* (CO), 136.8* (i-SPh), 129.1 (m-SPh), 128.7 (o-SPh), 127.2 (p-SPh), 57.2* (CSCH2), 32.1*, 30.4*, 25.4* and 23.0* (4 ( CH2) (Found M+, 234.1079. C14H18OS requires M, 234.1078); m/z 234.1 (5%, M), 205.1 (35, M – CHO), 123.0 (10, SBn), 111.1 (10, M – SBn) and 91.1 (100, Bn).

2-Benzylsulfanyl-2-methylpropanal 11
In the same way as the aldehyde 8a, benzyl disulfide (3.4 g, 13.6 mmol), sulfuryl chloride (1.8 g, 1.12 ml, 13.6 mmol), pyridine (16 drops by pipette) and silyl enol ether 10 (4 g, 27.2 mol) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 11 (4.58 g, 85 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 1750 (CO) and 1550 (Ph); H(200MHz, CDCl3) 9.23 (CHO), 7.29-7.21 (5 H, m, Ph), 3.5 (2 H, AB quartet, CH2Ph) and 1.39 (6 H, s, 2 × Me); C(50MHz, CDCl3) 193.6 (CHO), 136.0 (i-Ph), 129.0 (o-Ph), 128.6 (m-Ph), 127.2 (p-Ph), 52.5 (CSCH2), 33.4 (CH2Ph) and 21.1 (Me); m/z 182.1 (5%, M), 123.0 (10, BnS) and 91.1 (100, Bn).

2-Benzylsulfanylbutanal 14

In the same way as for the aldehyde 8a, benzyl disulfide (5.12 g, 20.8 mmol), sulfuryl chloride (2.81 g, 1.75 ml, 20.8 mmol), pyridine (4 drops by pipette) and silyl enol ether 13 (6 g, 41.6 mol) in CH2Cl2 (50 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 14 (6.37 g, 79 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 1750 (CO) and 1550 (Ph); H(200 MHz, CDCl3) 9.20 (1 H, d, J 5.0, CHO), 7.38-7.21 (5 H, m, Ph), 3.59 (2 H, AB quartet, CH2Ph), 3.10-2.97 (1 H, m, CHSCH2), 1.87-1.31 (2 H, m, CH2) and 0.91 (3 H, t, J 7.3, Me); C(50 MHz, CDCl3) 193.8 (CHO), 137.1 (i-Ph), 129.1 (o-Ph), 128.5 (m-Ph), 127.3 (p-Ph), 52.1 (CHSCH2), 34.6 (CH2S), 29.7 (CH2), 20.2 (CH2) and 13.6 (Me) (Found M+, 208.0926. C12H16OS requires M, 208.0921); m/z 208.1 (15%, M), 179.1 (5, M – CHO), 117.0 (M – Bn) and 91.1 (100, Bn).

(1RS) 1-Benzylsulfanyl-2-methylbutanal 17

In the same way as for the aldehyde 8a, benzyl disulfide (5.12 g, 20.8 mmol), sulfuryl chloride (2.81 g, 1.75 ml, 20.8 mmol), pyridine (4 drops by pipette) and silyl enol ether 16 (3.3 g, 41.6 mol) in CH2Cl2 (50 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 17 (3.42 g, 79 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.35; vmax(film, CDCl3)/cm-1 1753 (CHO); H(400 MHz, CDCl3) 9.13 (1 H, s, CHO), 7.19-7.38 (5 H, m, Ph), 3.46 (2 H, AB quartet, J 12.2, SCH2), 1.75 (2 H, dq, J 7.3 and 2.0, CH2), 1.34 (3 H, s, Me) and 0.97 (3 H, t, J 7.3, Me); C(100 MHz, CDCl3) 193.4 (CHO), 137.3, 129.0, 128.6 and 127.2 (Ph), 56.9 (CS), 32.9 (CH2S), 26.5 (CH2), 17.2 and 8.4 (Me) (Found M+, 208.0919. C12H16OS requires M, 208.0922); m/z 208.1 (10%, M), 179 (50, M – Et); 123 (60, SBn) and 91 (100, CH2Ph).

4-Methyl-1-trimethylsiloxypentene 19
TMSCl (5.21 g, 6.09 ml, 48 mmmol) was added to a solution of 4-methyl-pentanal 18 (4 g, 40 mmol) and Et3N (9.69 g, 13.06 ml, 96 mmol) in DMF (16 ml). The solution was heated at 70oC for 20 hours. Light petroleum (30-40oC) was added and the solution was quickly extracted with ice cold HCl (100 ml, 3M), NaHCO3 (100ml, saturated) and H2O (100 ml). The combined organic layers were dried (MgSO4) and evaporated under reduced pressure.  The residue was purified by distillation (54oC at 19 mmHg) to give an inseparable stereoisomeric mixture (44:56, transt:cisc) of silyl enol ether 19 (5.8 g, 85 %) as a liquid; H(200 MHz, CDCl3) 6.74-6.66 (2 H, m, CHOTMSc and CHOTMSt), 5.0 (1 H, dt, J 11.5 and 6.7, C=CHCH2t), 4.48 (1 H, td, J 6.7 and 5.0, C=CHCH2c), 1.95 (2 H, t, J 6.7, CH2c), 1.78 (2 H, t, J 6.7, CH2t), 1.70-1.42 (2 H, m, 2 ( CH(Me)2c+t), 0.91-0.81 (12 H, m, 2 ( CH(Me)2c+t) and 0.11 (18 H, s, TMSc+t).

2-Benzylsulfanyl-4-methylpentanal 20

In the same way as for the aldehyde 8a, benzyl disulfide (1.07 g, 4.39 mmol), sulfuryl chloride (0.62 g, 0.38 ml, 4.6 mmol), pyridine (4 drops by pipette) and the silyl enol ether 19 (1.51 g, 8.77 mol) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the aldehyde 20 (1.67 g, 86 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 1750 (CO) and 1575 (Ph); H(200 MHz, CDCl3) 9.18 (1 H, d, J 5.0, CHO), 7.41-7.18 (5 H, m, Ph), 3.60 (2 H, AB quartet, J 11.2, CH2Ph), 3.18-3.04 (1 H, m, CHSCH2), 1.74-1.43 (3 H, m, CH2 and CH(Me)2) and 0.95-0.84 (6 H, m, CH(Me)2); C(62.75 MHz, CDCl3) 193.5 (CO), 137.6* (i-Ph), 129.1 (o-Ph), 128.5 (m-Ph), 127.3 (p-Ph), 50.8 (CHSCH2), 36.4* (CH2S), 34.6* (CH2), 25.9 (CH(Me)2), 22.3 (Me) and 22.1 (Me) (Found M+, 222.1080. C13H18OS requires M, 222.1078); m/z 222.1 (20%, M), 193.1 (20, M – CHO), 123.1 (40, SBn), 99.1 (15, M – SBn) and 91.1 (100, Bn).

(2SR,3RS) 2,6-Dimethylphenyl 3-hydroxy-2-methyl-3-[1'-(methylsulfanyl) cyclohexyl] propionate anti-25a

n-BuLi (13.1 ml, 1.3M in hexane, 17mmol) was added to a stirred solution of diisopropylamine (2.34g, 3.15 ml, 23.2 mmol) in THF (100 ml) at -78oC and the solution was stirred for 30 minutes.  A solution of Heathcock's ester 21 (2.89 g, 16.2 mmol) in THF (10 ml) was slowly added and the solution was stirred for a further 30 minutes.  The aldehyde 8a (2.43 g, 15.4 mmol) in THF (10 ml) was slowly added and the solution was stirred for 30 minutes. Saturated NH4Cl (50 ml) was added, and the resulting solution was extracted with ether (3 ( 100 ml).  The combined organic layers were dried (MgSO4) and evaporated under reduced pressure.  The residue was purified by flash column chromatography on silica gel, eluting with light petroleum (40-60oC)-ether (9:1) to give the ester 25a as a colourless oil (4.60 g, 89 %); Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1690 (CO); H(400 MHz, CDCl3) 7.05 (3 H, s, Ar), 4.35 (1 H, d, J 8.4, OH), 3.53 (1 H, dd, J 8.4 and 2.2, CHOH), 3.41 (1 H, qd, J 7.3 and 2.2, CHMe), 2.19 (6 H, s, 2 ( Me, Ar), 1.94 (3 H, s, SMe), 1.84-1.52 (10 H, m, 5 (CH2) and 1.63 (3 H, d, J 7.3, MeCH);  C(100 MHz, CDCl3) 175.5* (CO), 147.6* (i-OAr), 128.8 (m-OAr), 128.6* (i-CMe, Ar), 126.0 (p-OAr), 82.5 (CHOH), 53.5* (CSMe), 38.2 (CHMe), 31.4*, 30.5*, 25.7*, 21.5* and 21.4* (5 ( CH2), 19.3 (MeS), 16.8 (2 ( Me, Ar) and 10.7 (MeCH) (Found M+, 336.4339. C19H28O3S requires M, 336.4912); m/z 336 (10%, M), 200.1 (5, M – H2O), 171.1 (5, M – MeS), 129.1 (100, C6H10SMe) and 81.1 (80, C6H9).

(2SR,3RS) 2,6-Dimethylphenyl 3-hydroxy-2-methyl-3-[1'-(ethylsulfanyl) cyclohexyl] propionate anti-25b
In the same way as for the ester anti-25a, n-BuLi (3.93 ml, 1.3 M in hexanes, 5.11 mmol), diisopropylamine (0.65 g, 0.88 ml, 6.51 mmol), Heathcock's ester 21 (0.87 g, 4.88 mmol) and aldehyde 8b (0.8 g, 4.65 mmol) in THF (50 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester anti-25b (1.51 g, 93 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3400-3300 (OH) and 1690 (CO2); H(400 MHz, CDCl3) 7.04 (3 H, s, Ar), 4.36 (1 H, d, J 8.3, OH), 3.54 (1 H, dd, J 8.3 and 2.3, CHOH), 3.43 (1 H, qd, J 7.3 and 2.3, CHMe), 2.48 (2 H, m, CH2Me), 2.19 (6 H, s, 2 ( Me, Ar), 1.81-1.49 (10 H, m, 5 ( CH2), 1.61 (3 H, d, J 7.3, MeCH) and 1.18 (3 H, t, J 7.5, MeCH2); C(100 MHz, CDCl3) 175.4* (C=O), 147.6* (i-OAr), 130.3* (2 ( i-CMe, Ar), 128.7 (m-OAr), 126.0 (o-OAr), 82.6 (CHOH), 55.0* (CS), 38.3 (CHMe), 31.9* (CH2S), 31.1*, 25.8*, 21.6*, 21.5* and 21.3* (5 ( CH2), 19.2 (2 ( Me, Ar), 16.8 and 14.3 (2 ( Me) [Found (M + H)+, 351.2018. C20H30O3S requires M + H, 351.1917]; m/z 351.1 (50%, M + H), 292.2 (100, M – OAr), 143.2 (70, C6H10SEt) and 121.1 (40, OAr).

(2SR,3RS) 2,6-Dimethylphenyl 3-hydroxy-2-methyl-3-[1'-(benzylsulfanyl)cyclohexyl] propionate anti-25c
In the same way as for the ester anti-25a, n-BuLi (3.61 ml, 1.3 M in hexanes, 4.69 mmol), diisopropylamine (0.60 g, 0.81 ml, 5.98 mmol), Heathcock's ester 21 (0.79 g, 4.26 mmol) and aldehyde 8c (1 g, 4.26 mmol) in THF (50 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester anti-25c (1.62 g, 93 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1690 (CO); H(400 MHz, CDCl3) 7.25-7.18 (5 H, m, Ph), 7.07 (3 H, s, Ar), 4.55 (1 H, d, J 8.5, OH), 3.72 (1 H, AB quartet, J 11.7, CHAHBPh), 3.62 (1 H, AB quartet, J 11.7, CHAHBPh), 3.51 (1 H, dd, J 8.5 and 1.3, CHOH), 3.43 (1 H, qd, J 7.4 and 1.3, CHMe), 2.14 (6 H, s, 2 ( Me, Ar), 1.94-1.10 (10 H, m, 5 ( CH2) and 1.54 (3 H, d, J 7.4, MeCH);  C(100 MHz, CDCl3) 175.8* (CO), 147.5* (i-OAr), 138.1* (i-CMe, Ar), 130.4* (i-Ph), 129.2 (o-Ph), 128.8 (p-Ph), 128.5 (m-Ph), 126.9 (m-OAr), 126.0 (p-OAr), 83.2 (CHOH), 55.8* (CSCH2), 41.3 (CHMe), 32.6* (CH2Ph), 31.9*, 31.0*, 25.8*, 21.5* and 21.4* (5 ( CH2), 19.14 and 16.90 (3 ( Me) [Found (M – H2O)+, 394.5766. C25H30O2S requires M – H2O, 394.1994]; m/z 394.0 (5%, M – H2O), 321.0 (70, M – Bn), 205.0 (50, C6H2SBn), 122.0 (20, ArOH) and 91.1 (100, Bn).

(1RS,2SR) 3-Hydroxy-2-methyl-1-[1'-(methylsulfanyl)cyclohexyl]-propanol anti-26a

Lithium aluminum hydride (0.55 g, 14.8mmol) was added to a stirred solution of the ester anti-25a (1.66 g, 4.96mmol) in ether (80 ml) at 0oC. The solution was stirred for 3 hours and poured onto an ice brine mixture. NaOH (20 ml) was added and the solution extracted with ether (3 (100 ml). The combined organic layers were dried (MgSO4) and evaporated under reduced pressure.  The residue was purified by flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (1:1) to give the diol anti-26a as a colourless oil (0.96 g, 89 %); Rf (ether) 0.78; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(400 MHz, CDCl3) 3.75-3.66 (1 H, m, CHAHBO), 3.65-3.58 (1 H, m, CHAHBO), 3.51 (1 H, d, J 2.0, OH), 3.33 (1 H, br d, J 2.0, CHOH), 3.13 (1 H, t, J 5.9, CH2OH), 2.09-1.96 (1 H, m, CHMe), 1.89 (3 H, s, MeS), 1.72-1.01 (10 H, m, 5 ( CH2) and 1.01 (3 H, d, J 7.0, MeCH); C(100 MHz, CDCl3) 80.0 (CHOH), 66.5* (CH2O), 56.8* (CSMe), 34.4 (CHMe), 29.7*, 29.3*, 26.0*, 21.6* and 21.4* (5 ( CH2), 18.6 (MeS) and 9.3 (MeCH); m/z 230.37 (10%, M), 200.1 (40, M – H2O), 171.1 (100, M – SMe) and 47.1 (30, SMe).

(1RS,2SR) 3-Hydroxy-2-methyl-1-[1'-(ethylsulfanyl)cyclohexyl]-propanol anti-26b
In the same way as for the diol anti-26a, the ester anti-25b (1.1 g, 3.14 mmol) and LiAlH4 (0.35 g, 9.42 mmol) in ether (100 ml) gave after flash column chromatography on silica gel eluting with ether the diol anti-26b (0.67 g, 94 %) as a colourless oil; Rf (ether) 0.65; vmax(film, CDCl3)/cm-1 3500-3200 (OH); H(400 MHz, CDCl3) 3.72 (1 H, dd, J 11.1 and 3.3, CHAHBO), 3.62 (1 H, dd, J 11.1 and 6.5, CHAHBO), 3.60-3.39 (1 H, br s, OH), 3.33 (1 H, d, J 4.6, CHOH), 3.30-3.05 (1 H, br s, OH), 2.48-2.35 (2 H, m, CH2S), 2.05-1.95 (1 H, m, CHMe), 1.83-1.37 (10 H, m, 5 ( CH2), 1.20 (3 H, t, J 7.4, MeCH2) and 1.02 (3 H, d, J 7.0, MeCH); C(100 MHz, CDCl3) 80.7 (CHOH), 66.5* (CH2O), 58.3* (CS), 34.6 (CHMe), 30.6* (CH2S), 29.6*, 26.1*, 21.6*, 21.6* and 18.6* (5 ( CH2), 18.6 (MeCH) and 14.2 (MeCH2) (Found M+, 232.1499. C12H24O2S requires M, 232.1496); m/z 232.1 (10%, M), 214.1 (50, M – H2O), 171.1 (10, M – SEt), 153.1 (50, M – H2O – SEt), 143.1 (100, C6H10SEt) and 81.1 (70, C6H9).

(1RS,2SR) 3-Hydroxy-2-methyl-1-[1'-(benzylsulfanyl)cyclohexyl]-propanol anti-26c
In the same way as for the diol anti-26a, the ester anti-25c (1 g, 2.42 mmol) and LiAlH4 (0.27 g, 7.28 mmol) in ether (10 ml) gave after flash column chromatography on silica gel eluting with ether the diol anti-26c (0.67 g, 95 %) as a colourless oil; Rf (ether) 0.45; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(400 MHz, CDCl3) 7.39-7.20 (5 H, m, Ph), 3.73 (1 H, dd, J 11.2 and 3.2, CHAHBO), 3.68-3.61 (2 H, m, CHAHBPh and CHAHBO), 3.57 (1 H, AB quartet, J 11.7, CHAHBPh), 3.41 (1 H, d, J 4.5, CHOH), 3.20-3.05 (1 H, br s, OH), 2.08-1.99 (1 H, m, CHMe), 1.86-1.48 (10 H, m, 5 ( CH2), 1.19 (1 H, t, J 7.0, OH) and 1.02 (3 H, d, J 7.0, MeCH); C(100 MHz, CDCl3) 137.5* (i-Ph), 129.0 (o-Ph), 128.6 (m-Ph), 127.1 (p-Ph), 81.1 (CHOH), 66.5* (CH2O), 59.2* (CSCH2), 34.6 (CHMe), 31.5* (CH2Ph), 30.8*, 29.7*, 26.0*, 21.6* and 21.6* (5 ( CH2) and 18.6 (MeCH) [Found (M – H2O)+, 276.1546. C17H24OS requires M – H2O, 276.1547]; m/z 276.2 (10%, M – H2O), 205.1 (65, C6H10SBn) and 91.1 (100, Bn).

(3RS,4RS) 3-Methyl-4-(methylsulfanyl)-1-oxaspiro[4.5]decane anti-28a
Toluene-p-sulfonic acid (6 mg, 30 mol) was added to a stirred solution of diol anti-26a (50 mg, 0.18 mmol) in CH2Cl2 (2 ml). The solution was refluxed for 10 min. The solution was allowed to cool to room temperature and filtered through a silica plug. The solvent was removed under reduced pressure. The residue was purified by flash column chromatography on silica gel, eluting with light petroleum (40-60oC)-ether (9:1) to give the tetrahydrofuran 28a (26 mg, 96 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.4; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.92 (1 H, t, J 8.4, CHAHBO), 3.29 (1 H, t, J 8.4, CHAHBO), 2.21-2.11 (2 H, m, CHMe and CHSMe), 2.11 (3 H, s, MeS), 1.68-1.45 (10 H, m, 5 ( CH2) and 1.10 (3 H, d, J 6.1, CHMe); C(100 MHz, CDCl3) 84.2* (CO), 71.3* (CH2O), 63.7 (CHSMe), 40.1 (CHMe), 36.8*, 31.4*, 25.6*, 23.0* and 21.8* (5 ( CH2), 16.8 (MeS) and 16.6 (MeCH) (Found M+, 200.1234. C11H10OS requires M, 200.1234); m/z 200.1 (30%, M), 152.1 (5, M – MeSH), 102.0 (100, M – C6H10O), 98.1 (25, C6H10O) and 81.1 (20, C6H9).

(3RS,4RS) 4-Ethylsulfanyl-3-methyl-4-1-oxaspiro[4.5]decane anti-28b
In the same way as for the tetrahydrofuran anti-28a, the diol anti-26b (20 mg, 86.2 mol) and toluene-p-sulfonic acid (3 mg, 17.2 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (1:1) the tetrahydrofuran anti-28b (18 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.5; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.93 (1 H, t, J 8.3, CHAHBO), 3.34 (1 H, t, J 8.3, CHAHBO), 2.59 (2 H, q, J 7.4, CH2S), 2.22 (1 H, d, J 10.6, CHS), 2.20-2.08 (1 H, m, CHMe), 1.68-1.46 (10 H, m, 5 ( CH2), 1.24 (3 H, t, J 7.4, MeCH2) and 1.12 (3 H, d, J 6.1, MeCH); C(100 MHz, CDCl3) 84.0* (CO), 71.2* (CH2O), 61.7 (CHS), 40.5 (CHMe), 36.4* (CH2S), 31.2*, 27.2*, 25.7*, 23.0* and 21.7* (5 ( CH2), 16.6 and 15.2 (2 ( Me) [Found (M – H)+, 213.1308. C12H21OS requires M – H, 213.1313]; m/z 213.1 (35%, M – H), 153.1 (100, M – SEt) and 116.1 (15, M – C6H10O).

(3RS,4RS) 4-Benzylsulfanyl-3-methyl-1-oxaspiro[4.5]decane anti-28c
In the same way as for the tetrahydrofuran anti-28a, the diol anti-11c (0.1 g, 0.34 mmol) and toluene-p-sulfonic acid (13 mg, 68 mol) in CH2Cl2 (1 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-28c (93 mg, 99 %) as an oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.45; vmax(film, CDCl3)/cm-1 1550 (Ph); H(400 MHz, CDCl3) 7.39-7.18 (5 H, m, Ph), 3.91 (1 H, t, J 8.1, CHAHBO), 3.76 (2 H, AB quartet, CH2Ph), 3.27 (1 H, t, J 8.1, CHAHBO), 2.21-2.15 (2 H, m, CHMe and CHSCH2), 1.67-1.05 (10 H, m, 5 ( CH2) and 0.97 (3 H, d, J 5.9, MeCH); C(100 MHz, CDCl3) 138.4* (i-Ph), 129.2 (o-Ph), 128.4 (m-Ph), 127.1 (p-Ph), 83.9* (CO), 71.1* (CH2O), 60.4 (CHSCH2), 40.4 (CHMe), 37.5* (CH2S), 36.1*, 31.4*, 25.7*, 23.0* and 21.8* (5 ( CH2) and 16.3 (MeCH); m/z 276.1 (10%, M), 153.1 (30, M – SBn), 123.1 (5, SBn) and 91.1 (100, Bn). 

Ethyl 4-benzylsulfanyl-3-hydroxy-4-methyl-3-hydroxypentanoate 30

In the same way as the ester anti-25a, n-BuLi (5.45 ml, 1.3 M in hexanes, 7.08 mmol), diisopropylamine (0.91 g, 1.22 ml, 9.02 mmol), n-BuLi (5.45 ml, 1.3 M in hexanes, 7.08 mmol), ethylacetate 29 (0.59 g, 0.66 ml, 6.76 mmol) and aldehyde 11 (1.25 g, 6.44 mmol) in THF (50 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester 30 (1.71 g, 95 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.39-7.21 (5 H, m, Ph), 1.29 (2 H, q, J 7.1, CH2Me), 4.01 (1 H, dt, J 9.9 and 2.8, CHOH), 3.83 (2 H, AB quartet, CH2Ph), 3.17 (1 H, d, J 2.8, OH), 2.78-2.42 (2 H, m, CH2CO2), 1.38 (3 H, s, Me), 1.31 (3 H, s, Me) and 1.28 (3 H, t, J 7.1, MeCH2); C(50 MHz, CDCl3) 172.9 (CO), 137.8 (i-Ph), 128.8 (o-Ph), 128.5 (m-Ph), 126.9 (p-Ph), 73.4 (CHOH), 60.7 (CH2O), 50.2 (CSCH2), 36.6 (CH2CO2), 32.8 (CH2S), 24.7 (Me), 24.0 (Me) and 14.1 (MeCH2) (Found M+, 282.1288. C15H22O3S requires M, 282.1289); m/z 282.1 (5%, M), 264.1 (30, M – H2O), 191.1 (5, M – Bn), 165.1 (30, C3H6SBn) and 91.1 (100, Bn).

4-Benzylsulfanyl-3-hydroxy-4-methyl-pentanol 31
In the same way as the diol anti-26a, the ester 30 (1.4 g, 4.96 mmol) and LiAlH4 (0.55 g, 14.8 mmol) in ether (100 ml) gave, after flash column chromatography on silica gel eluting with ether the diol 31 (1.1 g, 93 %) as a colourless oil; Rf (ether) 0.4; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.38-7.24 (5 H, m, Ph), 3.88-3.69 (2 H, m, CH2O), 3.69 (2 H, AB quartet, CH2Ph), 3.67 (1 H, ddd, J 9.8, 3.3 and 2.1, CHOH), 3.18 (1 H, d, J 2.1, CHOH), 2.70 (1 H, dd, J 6.4 and 3.9, CH2OH), 1.81-1.68 (2 H, m, CH2), 1.39 (3 H, s, Me) and 1.25 (3 H, s, Me);  C(62.5 MHz, CDCl3) 137.8* (i-Ph), 128.8 (o-Ph), 128.6 (m-Ph), 127.1 (p-Ph), 75.7 (CHOH), 62.0* (CH2O), 52.1* (CSCH2), 32.5* and 32.2* (CH2 and CH2Ph), 25.3 (Me) and 22.4 (Me) (Found M+, 240.1185. C13H20O2S requires M, 240.1184); m/z 240.1 (60%, M), 222.1 (60, M – H2O), 165.1 (70, C3H6SBn), 149.1 (25, M – Bn), 91.1 (100, Bn) and 75.0 (30, M – C3H6SBn).

(2SR,3RS) 2,6-Dimethylphenyl 4-benzylsulfanyl-2,4-dimethyl-3-hydroxypentanoate anti-32
In the same way as the aldehyde anti-25a, n-BuLi (13.1 ml, 1.3 M in hexanes, 17 mmol), diisopropylamine (2.34 g, 3.15 ml, 23.2 mmol), Heathcock's ester 21 (2.89 g, 16.2 mmol) and aldehyde 11 (3 g, 15.4 mmol) in THF (100 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (1:1) the ester anti-32 (5.17 g, 90 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1650 (CO); H(250 MHz, CDCl3) 7.31-7.19 (5 H, m, Ph), 7.04 (3 H, s, Ar), 4.24 (1 H, br d, J 7.5, OH), 3.83 (2 H, AB quartet, CH2Ph), 3.57 (1 H, dd, J 7.5 and 3.3, CHOH), 3.34 (1 H, qd, J 7.3 and 3.4, CHMe), 2.15 (6 H, s, 2 ( Me, Ar), 1.52 (3 H, d, J 7.3, MeCH), 1.44 (3 H, s, Me) and 1.42 (3 H, s, Me); C(62.5 MHz, CDCl3) 175.1* (CO), 147.3* (i-OAr), 138.1* (i-Ph), 130.3* (i-CMe, Ar), 129.0, 128.7, 128.6, 127.0 and 126.0 (o-, m-, p-Ph, m- and p-OAr), 81.0 (CHOH), 51.1* (CSCH2), 39.0 (CHMe), 33.4* (CH2S), 25.8, 25.0 and 18.7 (2 ( Me and 2 × Me, Ar) and 16.8 (Me) [Found (M + H)+, 373.1837. C22H29O3S requires M + H, 373.1802]; m/z 373.1 (65%, M + H), 251.0 (60, M – OAr), 249.0 (20, M – SBn) and 207.1 (20, M – C3H6SBn).

(1RS,2SR) 4-Benzylsulfanyl-2,4-dimethyl-3-hydroxypropanol anti-33
In the same way as the diol anti-26a, the ester anti-32 (3.3 g, 8.87 mmol) and LiAlH4 (0.99 g, 26.6 mmol) in ether (50 ml) gave after flash column chromatography on silica gel eluting with ether the diol anti-33 (2.1 g, 92 %) as a colourless oil; Rf (ether) 0.6; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(250 MHz, CDCl3) 7.35-7.19 (5 H, m, Ph), 3.76 (2 H, AB quartet, CH2Ph), 3.57-3.47 (2 H, m, CH2O), 3.43-3.41 (2 H, m, CHOH), 3.08 (1 H, t, J 5.5, CH2OH), 2.02-1.87 (1 H, m, CHMe), 1.44 (3 H, s, Me), 1.26 (3 H, s, Me) and 1.04 (3 H, d, J 7.0, MeCH); C(62.5 MHz, CDCl3) 137.6* (i-Ph), 128.9 (o-Ph), 128.7 (m-Ph), 127.2 (p-Ph), 80.4 (CHOH), 66.7* (CH2O), 53.4 (CSCH2), 35.1 (CHCH2), 32.6* (CH2S), 25.9 (Me), 22.6 (Me) and 18.2 (MeCH); m/z 165.1 (40%, C3H6SBn) and 91.1 (100, Bn).

(1RS,2RS) 4-Benzylsulfanyl-2,4-dimethyl-3-hydroxypropanol syn-33
In the same way as the diol anti-26a, the ester syn-34 (0.25 g, 0.69 mmol) and LiAlH4 (78 mg, 2.08 mmol) in ether (5 ml) gave, after flash column chromatography on silica gel eluting with ether the diol syn-33 (0.16 g, 92 %) as a colourless oil; Rf (ether) 0.6; vmax(film, CDCl3)/cm-1 3500-3250 (OH); H(200 MHz, CDCl3) 7.34-7.21 (5 H, m, Ph), 3.77 (2 H, AB quartet, CH2Ph), 3.73 (1 H, dd, J 3.1 and 1.5, CHOH), 3.57 (2 H, br d, J 4.6, CH2O), 3.00 (1 H, d, J 3.1, OH), 2.83-2.74 (1 H, br s, OH), 2.11-1.95 (1 H, m, CHMe), 1.42 (3 H, s, Me), 1.33 (3 H, s, Me) and 1.03 (3 H, d, J 6.9, MeCH); C(50 MHz, CDCl3) 137.7 (i-Ph), 128.8 (o-Ph), 128.4 (m-Ph), 126.9 (p-Ph), 75.9 (CHOH), 68.4 (CH2O), 52.5 (CSCH2), 35.4 (CH2S), 32.7 (CHMe), 25.6 (Me), 24.3 (Me) and 11.0 (MeCH) (Found M+, 254.1329. C14H22O2S requires M, 254.1340); m/z 254.1 (10%, M), 236.1 (10, M – H2O) and 91.1 (100, Bn).

(2SR,3SR) S-Phenyl 4-benzylsulfanyl-2,4-dimethyl-3-hydroxythionopentanoate syn-34
9-BBNOTf (8.1 ml, 0.5 M in toluene, 4.05 mmol ) was slowly added slowly to a solution of S-phenyl thiopropionate 23 (0.67 g, 0.61 ml, 4.05 mmol) and Hüngis' base (0.55 g, 0.74 ml, 4.25 mmol) in ether (16 ml) at 0oC.  The solution was stirred for 5 min, cooled to –78oC and stirred for 45 min.  Aldehyde 11 (0.75 g, 3.86 mmol) in ether (3 ml) was added slowly.  The solution was stirred for 2 h.  Saturated NH4Cl (10 ml) was added and the solution was allowed to room temperature and extracted with ether (3 ( 50 ml).  The combined organic layers were dried (MgSO4) and evaporated under reduced pressure.  The residue was purified by flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester syn-34 (0.9 g, 65 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.45; vmax(film, CDCl3)/cm-1 3300 (OH) and 1550 (SPh); H(400 MHz, CDCl3) 7.46-7.38 (5 H, m, Ph), 7.31-7.21 (5 H, m, Ph), 3.96 (1 H, dd, J 6.0 and 1.7, CHOH), 3.76 (2 H, AB quartet, CH2Ph), 3.11 (1 H, m, CHMe), 2.73 (1 H, d, J 1.7, OH), 1.43 (3 H, s, Me), 1.41 (3 H, d, J 7.0, MeCH) and 1.36 (3 H, s, Me); C(100 MHz, CDCl3) 201.0* (CO), 137.5* (i-Ph), 134.5 (o-Ph), 129.5 (p-Ph), 129.2, 129.0 and 128.6 (m-Ph, o- and m-SPh), 127.4* (i-SPh), 127.1 (p-Ph), 75.2 (CHOH), 52.2* (CSCH2), 49.4 (CHMe), 32.8* (CH2S), 25.8 (Me), 24.2 (Me) and 15.0 (MeCH) [Found (M – SPh)+, 251.1107. C14H19O2S requires M – SPh, 251.1105]; m/z 251.1 (15%, M – SPh), 165.1 (10, C3H6SBn), 110.0 (10, PhSH) and 91.1 (100, Bn).

Ethyl 4-benzylsulfanyl-2,4-dimethyl-3-hydroxypentanoate 36

In the same way as the ester anti-25a, n-BuLi (10.2 ml, 1.3 M in hexanes, 13.3 mmol), diisopropylamine (1.7 g, 2.3 ml, 16.9 mmol), ethyl isobutyrate 35 (1.47 g, 1.69 ml, 12.7 mmol) and aldehyde 11 (2.34 g, 12.1 mmol) in THF (150 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester 36 (2.72 g, 73 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.35-7.20 (5 H, m, Ph), 4.16 (1 H, q, J 7.1, CHAHBO), 4.14 (1 H, q, J 7.1, CHAHBO), 3.94 (1 H, AB quartet, J 4.5, CHOH), 3.80 (2 H, AB quartet, CH2Ph), 3.12 (1 H, AB quartet, J 4.5, CHOH), 1.45 (3 H, s, Me) and 1.38-1.25 (12 H, m, 4 × Me); C(50 MHz, CDCl3) 178.5 (CO), 137.6 (i-Ph), 128.9 (m-Ph), 128.5 (o-Ph), 126.9 (p-Ph), 78.7 (CHOH), 60.5 (CH2O), 54.1 (CSPh), 46.5 (CMe), 33.3 (CH2Ph), 26.8, 26.6, 24.6, 20.5 and 13.9 (5 × Me) [Found (M – OH – OEt + H)+, 265.1257. C15H21O2S requires M – OH – OEt + H, 265.1262]; m/z 265.1 (15%, M – OH – OEt + H), 219.1 (35, M – Bn), 187.1 (10, M – SBn), 165.1 (30, C3H6SBn), 145.1 (30, M – C3H6SBn) and 91.1 (100, Bn).

4-Benzylsulfanyl-3-hydroxy-2,2,4-trimethylpentanol 37
In the same way as the diol anti-26a, the ester 36 (2.0 g, 6.45 mmol) and LiAlH4 (0.65 g, 17.5 mmol) in ether (200 ml) gave, after flash column chromatography on silica gel eluting with ether the diol 37 (1.5 g, 87 %) as a colourless oil; Rf (ether) 0.55; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.39-7.21 (5 H, m, Ph), 3.77 (2 H, AB quartet, CH2Ph), 3.67-3.55 (1 H, br s, OH), 3.45-3.34 (4 H, m, CH2OH and CHOH), 1.61 (3 H, s, Me), 1.39 (3 H, s, Me), 1.04 (3 H, s Me) and 1.02 (3 H, s, Me); C(50 MHz, CDCl3) 137.5 (i-Ph), 128.9 (m-Ph), 128.6 (o-Ph), 127.1 (p-Ph), 80.5 (CHOH), 74.8 (CH2O), 55.8 (CSCH2), 40.1 (CMe), 33.0 (CH2S), 28.2, 25.3, 23.9 and 20.7 (4 × Me) [Found (M – H2O)+, 250.1386. C15H24O2S requires M – H2O, 250.1396]; m/z 250.1 (5%, M – H2O), 177.1 (50, M – Bn), 123.0 (5, BnS) and 91.1 (100, Bn). 

2,2-Dimethyl-3-benzylsulfanyl-tetrahydrofuran 38

In the same way as the tetrahydrofuran anti-28a, the diol 31 (30 mg, 0.12 mmol) and toluene-p-sulfonic acid (2.4 mg, 12.5 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran 38 (26 mg, 96 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.2; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 7.37-7.22 (5 H, m, Ph), 3.84 (1 H, td, J 8.7 and 4.7, CHAHBO), 3.75 (2 H, s, AB quartet, CH2S), 3.74 (1 H, q, J 8.7, CHAHBO), 2.76 (1 H, dd, J 9.8 and 7.9, CHS), 2.28-2.20 (1 H, m, CHCHD), 2.00-1.87 (1 H, m, CHCHD), 1.23 (3 H, s, CH2) and 1.14 (3 H, s, Me); C(100 MHz, CDCl3) 138.3* (i-Ph), 128.8 (o-Ph), 128.5 (m-Ph), 127.1 (p-Ph), 82.0* (CO), 64.3* (CH2O), 52.0 (CHS), 37.0* (CH2S), 34.2* (CH2), 27.1 (Me) and 22.6 (Me) (Found M+, 222.1080. C13H18OS requires M, 222.1078); m/z 222.1 (10%, M), 164.1 (60, C3H5SBn) and 91.1 (100, Bn).

(2SR,3RS)-3-Benzylsulfanyl-2,2,4-trimethyltetrahydrofuran anti-39
In the same way as the tetrahydrofuran anti-28a, the diol anti-33 (44 mg, 0.17 mmol) and toluene-p-sulfonic acid (16 mg, 86.6 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-39 (41 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.35; vmax(film, CDCl3)/cm-1 1600 and 1550 (Ph); H(400 MHz, CDCl3) 7.36-7.21 (5 H, m, Ph), 3.90 (1 H, t, J 8.1, CHAHBO), 3.76 (2 H, AB quartet, CH2Ph), 3.29 (1 H, t, J 8.1, CHAHBO), 2.25 (1 H, d, J 10.8, CHSCH2), 2.25-2.14 (1 H, m, CHMe), 1.15 (6 H, s, 2 × Me) and 0.98 (3 H, d, J 6.2, MeCH); C(100 MHz, CDCl3) 138.3* (i-Ph), 129.1 (o-Ph), 128.4 (m-Ph), 127.1 (p-Ph), 83.1 (CHOH), 71.4* (CH2O), 59.7 (CHSCH2), 40.8 (CHMe), 37.3* (CH2S), 27.5 (Me), 23.6 (Me) and 16.0 (MeCH); m/z 145.1 (5%, M – Bn) and 91.1 (100, Bn).

(2SR,3SR)-3-Benzylsulfanyl-2,2,4-trimethyltetrahydrofuran syn-39
In the same way as the tetrahydrofuran anti-28a, the diol syn-33 (20 mg, 78 mol) and toluene-p-sulfonic acid (7 mg, 39 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran syn-39 (18.3 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.3; vmax(film, CDCl3)/cm-1 1600 and 1550 (Ph); H(400 MHz, CDCl3) 7.33-7.21 (5 H, m, Ph), 3.89 (1 H, dd, J 8.8 and 6.7, CHAHBO), 3.69 (2 H, AB quartet, CH2Ph), 3.47 (1 H, dd, J 8.8 and 4.7, CHAHBO), 2.88 (1 H, d, J 8.1, CHSCH2), 2.48-2.33 (1 H, m, CHMe), 1.20 (3 H, s, Me), 1.19 (3 H, s, Me) and 1.07 (3 H, d, J 7.2, MeCH); C(100 MHz, CDCl3) 138.2* (i-Ph), 128.9 (o-Ph), 128.5 (m-Ph), 127.1 (p-Ph), 82.7* (CO), 71.9* (CH2O), 57.0 (CHSCH2), 37.3* (CH2S), 36.6 (CHMe), 28.6 (Me), 24.5 (Me) and 15.6 (MeCH); m/z 145.1 (10%, M – Bn) and 91.1 (100, Bn).

3-Benzylsulfanyl-2,2,4,4-tetramethyl-tetrahydrofuran 40
In the same way as the tetrahydrofuran anti-28a, the diol 37 (50 mg, 0.16 mmol) and toluene-p-sulfonic acid (6.4 mg, 37.1 mmol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran 40 (46 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.2; vmax(film, CDCl3)/cm-1 1600-1500 (Ph); H(400 MHz, CDCl3) 7.36-7.21 (5 H, m, Ph), 3.69 (2 H, AB quartet, CH2O), 3.52 (1 H, AB quartet, J 8.6, CHAHBS), 3.40 (1 H, AB quartet, J 8.6, CHAHBS), 2.44 (1 H, s, CHS), 1.25 (3 H, s, Me), 1.11 (3 H, s, Me), 1.05 (3 H, s, Me) and 0.93 (3 H, s, Me); C(100 MHz, CDCl3) 138.3* (i-Ph), 129.1 (o-Ph), 128.4 (m-Ph), 127.1 (p-Ph), 83.1* (CO), 77.2* (CH2O), 63.3 (CHS), 43.5* (CMe), 37.5* (CH2Ph), 29.4, 26.0, 25.5 and 22.7 (4 × Me).

3-Hydroxy-4-methyl-4-sulfanylpentanol 41
Sodium (0.23 g, stick, 10.4 mmol) was added in portions to a solution of diol 31 (0.5 g, 2.08 mmol) in liquid ammonia (150 ml) at –33oC.  The solution was stirred for 8 hours.  Saturated NH4Cl (1 ml) and  HCl (5 ml, 3 M) was slowly added and the mixture was extracted with ether (3 ( 75 ml).  The combined organic layers were dried (MgSO4) and evaporated under reduced pressure.  The residue was purified by flash column chromatography on silica gel eluting with ether to give the thiol 41 (0.21 g, 70 %) as a colourless oil; Rf (ether) 0.4; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 3.89-3.74 (2 H, m, CH2O), 3.57 (1 H, dd, J 11.5 and 2.2, CHOH), 3.30-2.60 (2 H, br s, 2 × OH), 1.98-1.60 (2 H, m, CH2), 1.62 (1 H, s, SH), 1.38 (3 H, s, Me) and 1.29 (3 H, s, Me); C(250 MHz, CDCl3) 79.3 (CHOH), 61.6 (CH2O), 50.5 (CSH), 32.9 (CH2), 29.2 and 26.3 (2 × Me) [Found (M — H)+, 149.0637. C6H13O2S requires M – H, 149.0704]; m/z 149.1 (10 %, M – H), 117.1 (5, M – SH), 91.1 (100, C3H6SO) and 75.0 (20, C3H6SH and M – C3H6SH).

2,4-Dimethyl-3-sulfanyltetrahydrofuran 42
In the same way as the tetrahydrofuran anti-28a, the thiol 41 (20 mg, 0.13 mmol) and toluene-p-sulfonic acid (11 mg, 66.6 mol) in CH2Cl2 (1 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran 42 (16.8 mg, 96 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.2; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.83 (1 H, dd, J 13.0, 8.7 and 4.1, CHAHBO), 3.78 (1 H, q, J 8.7, CHAHBO), 2.98 (1 H, q, J 8.1, CHSH), 1.96-1.85 (1 H, m, CHAHB), 1.80-1.65 (1 H, m, CHAHB), 1.45 (1 H, d, J 8.1, SH), 1.28 (3 H, s, Me) and 1.16 (3 H, s, Me); C(100 MHz, CDCl3) 82.3* (CO), 63.9* (CH2O), 45.7 (CHSH), 36.1* (CH2), 26.2 (Me) and 21.8 (Me) [Found (M – H)+, 131.0528. C6H11OS requires M – H, 131.2131]; m/z 131.1 (10, M – H), 110.0 (20, PhSH), 91.1 (100, M – C3H6 + H).

(1RS,2SR)-2,4-Dimethyl-3-hydroxy-4-sulfanylpentanol anti-43
In the same way as the thiol 41, the diol anti-33 (2 g, 7.87 mmol) and sodium (0.72 g, 31.5 mmol) in liquid NH3 (175 ml) gave, after flash column chromatography on silica gel eluting with ether the thiol anti-43 (1.0 g, 79 %) as a colourless oil; Rf (ether) 0.7; vmax(film, CDCl3)/cm-1 3500-3300 (OH) and 2750 (SH); H(200 MHz, CDCl3) 3.82 (1 H, dd, J 11.0 and 3.3, CHAHBO), 3.80-3.65 (1 H, s, OH), 3.62 (1 H, dd, J 11.0 and 6.1, CHAHBO), 3.33 (1 H, d, J 4.6, CHOH), 3.31-3.07 (1 H, s, OH), 2.05-1.88 (1 H, m, CHMe), 1.82 (1 H, s, SH), 1.39 (3 H, s, Me), 1.31 (3 H, s, Me) and 1.08 (3 H, d, J 6.9, MeCH); C(50 MHz, CDCl3) 84.1 (CHOH), 65.9 (CH2O), 50.9 (CSH), 35.6 (CHMe), 30.4 (Me), 26.4 (Me) and 18.2 (MeCH); m/z 165.1 (20%, M + H), 89.0 (10, M – C3H6SH) and 75.0 (100, C3H6SH).

(1RS,2RS)-2,4-Dimethyl-3-hydroxy-4-sulfanylpentanol syn-43
In the same way as the thiol 41, the diol syn-33 (0.1 g, 0.39 mmol) and sodium (36 mg, 1.57 mmol) in liquid NH3 (20 ml) gave, after flash column chromatography on silica gel eluting with ether the thiol syn-43 (44 mg, 68 %) as a colourless oil; Rf (ether) 0.7; vmax(film, CDCl3)/cm-1 3500-3300 (OH) and 2750 (SH); H(200 MHz, CDCl3) 3.74-3.57 (3 H, m, CHOH and CH2O), 3.05-2.73 (3 H, br s, 2 × OH and SH), 2.05-1.95 (1 H, br m, CHMe), 1.45 (3 H, s, Me), 1.32 (3 H, s, Me) and 1.04 (3 H, d, J 7.1, MeCH).

(2SR,3RS)-3-Sulfanyl-2,2,4-trimethyltetrahydrofuran anti-44
In the same way as the tetrahydrofuran anti-28a, the diol anti-43 (30 mg, 0.18 mmol) and toluene-p-sulfonic acid (17 mg, 91.4 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-44 (23 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.45; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.96 (1 H, t, J 8.2, CHAHBO), 3.36 (1 H, t, J 8.2, CHAHBO), 2.45 (1 H, dd, J 11.0 and 9.9, CHSH), 2.28-2.05 (1 H, m, CHMe), 1.25 (4 H, m, Me and SH), 1.19 (3 H, s, Me) and 1.15 (3 H, d, J 7.5, MeCH); C(100 MHz, CDCl3) 84.2 (CHSH), 71.5* (CO), 61.1* (CH2O), 35.8 (CHMe), 30.7 (Me), 26.0 (Me) and 18.3 (MeCH) (Found M+, 146.0759. C7H14OS requires M, 146.0765); m/z 146.1 (40 %, M), 89.1 (100, C4H8S + H) and 75.0 (90, C3H6S + H).

(2SR,3RS)-3-Sulfanyl-2,2,4-trimethyltetrahydrofuran syn-44
In the same way as the tetrahydrofuran anti-28a, the diol syn-43 (30 mg, 0.18 mmol) and toluene-p-sulfonic acid (17 mg, 91.4 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran syn-44 (22 mg, 95 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.5; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.90 (1 H, t, J 8.2, CHAHBO), 3.40 (1 H, t, J 8.2, CHAHBO), 2.45 (1 H, m, CHSH), 2.30-2.10 (1 H, m, CHMe), 1.25 (3 H, s, Me), 1.23 (1 H, d, J 7.5, SH), 1.18 (3 H, s, Me) and 1.16 (3 H, d, J 7.5, MeCH); C(100 MHz, CDCl3) 84.3 (CHSH), 71.6 (CO), 61.2 (CH2O), 35.6 (CHMe), 30.5 (Me), 26.1 (Me) and 18.1 (MeCH); m/z 146.1 (40%, M), 89.1 (100, C4H8S + H), 58.1 (10, C3H6O) and 75.0 (90, C3H6S + H).

3-Hydroxy-3-sulfanyl-2,2,4-trimethylpentanol 45
In the same way as the thiol 41, the diol 37 (1 g, 3.73 mmol) and sodium (0.42 g, stick, 18.65 mmol) in liquid NH3 (150 ml) gave, after flash column chromatography on silica gel eluting with ether the thiol 45 (0.49 g, 75 %) as a colourless oil; Rf (ether) 0.8; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 3.76-3.60 (1 H, br s, OH), 3.52-3.35 (4 H, m, CH2O, CHOH and OH), 1.96 (1 H, s, SH), 1.53 (3 H, s, Me), 1.44 (3 H, s, Me), 1.03 (3 H, s, Me) and 0.98 (3 H, s, Me); C(50 MHz, CDCl3) 84.4 (CHOH), 73.7 (CH2O), 52.9 (CSH), 40.6 (CMe), 33.3, 28.2, 25.3 and 20.6 (4 × Me) [Found (M – H2)+, 170.0872. C8H18O2S requires (M – H2), 176.1088]; m/z 176.1 (15%, M – H2), 160.1 (40, M – H2O), 103.1 (35, M – C3H6SH) and 75.0 (100, C3H6SH).

3-Sulfanyl-2,2,4,4-tetramethyltetrahydrofuran 46
In the same way as the tetrahydrofuran anti-28a, the diol 45 (50 mg, 0.28 mmol) and toluene-p-sulfonic acid (10.6 mg, 56 mmol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran 46 (44 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.25; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 3.62 (1 H, AB quartet, J 8.7, CHAHBO), 3.50 (1 H, AB quartet, J 8.7, CHAHBO), 2.74 (1 H, d, J 10.3, CHSH), 1.34 (1 H, d, J 10.3, SH), 1.26 (3 H, s, Me), 1.22 (3 H, s, Me), 1.05 (3 H, s, Me) and 1.03 (3 H, s, Me); C(100 MHz, CDCl3) 82.9* (CO), 77.0* (CH2O), 57.9 (CHSH), 40.8* (CMe), 28.7, 25.7, 24.8 and 21.6 (4 ( Me) [Found (M – H)+, 159.0842. C8H15OS requires M – H, 159.2681]; m/z 159.1 (50%, M – H) and 101.0 (100, M – C3H6O – H).

(1RS,2SR) 3-Hydroxy-2-methyl-1-(1'-sulfanylcyclohexyl)propanol anti-47
In the same way as the thiol 41, the diol anti-26c (1 g, 3.4 mmol) and sodium (0.31 g, stick, 13.6 mmol) in liquid NH3 (150 ml) gave, after column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (1:1) the thiol anti-47 (0.58 g, 85 %) as a colourless oil; Rf (ether) 0.65; vmax(film, CDCl3)/cm-1 3500-3200 (OH); H(200 MHz, CDCl3) 3.91-3.80 (1 H, m, CHAHBO), 3.73-3.63 (1 H, m, CHAHBO), 3.37 (2 H, m, CHOH), 2.68 (1 H, t, J 7.2, CH2OH), 2.11 (1 H, m, CHMe), 1.91-1.41 (10 H, m, 5 ( CH2), 1.42 (1 H, s, SH) and 1.09 (3 H, d, J 7.5, CHMe); C(50 MHz, CDCl3) 84.2 (CHOH), 66.0 (CH2O), 59.0 (CS), 37.6 (CHMe), 35.3, 33.9, 25.9 and 22.0 (5 ( CH2) and 18.4 (MeCH) [Found (M – SH)+, 171.1383. C10H19O2 requires M – SH, 171.1384]; m/z 186.0 (10%, M – H2O), 171.1 (60, M – SH), 99.1 (30, C6H9) and 81.1 (100, C6H9).
(3RS,4RS) 3-Methyl-4-sulfanyl-1-oxaspiro[4.5]decane anti-49
In the same way as for the tetrahydrofuran anti-28a, the diol anti-47 (50 mg, 0.24 mmol) and toluene-p-sulfonic acid (9.3 mg, 49 mol) in CH2Cl2 (1 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-49 (44 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.45; vmax(film, CDCl3)/cm-1 3100 (CH) and 2700 (SH); H(400 MHz, CDCl3) 3.96 (1 H, t, J 8.3, CHAHBO), 3.33 (1 H, t, J 8.3, CHAHBO), 2.34 (1 H, dd, J 10.6 and 9.1, CHSH), 2.14-2.04 (1 H, m, CHMe), 1.70-1.36 (10 H, m, 5 ( CH2), 1.25 (1 H, d, J 9.1, SH) and 1.09 (3 H, d, J 6.5, MeCH); C(100 MHz, CDCl3) 83.6* (CO), 71.3* (CH2O), 54.9 (CSH), 42.5 (CHMe), 35.4*, 30.6*, 25.6*, 22.9* and 21.7* (5 ( CH2) and 15.8 (MeCH); m/z 186.1 (100%, M), 98.1 (20, C6H10O), 88.1 (5, M – C6H10O) and 81.1 (40, C6H9).

(2SR,3RS,4RS) 2,6-Dimethylphenyl 4-benzylsulfanyl-2,4-dimethyl-3-hydroxyhexanoate anti, anti-50
In the same way as for the ester anti-25a, n-BuLi (3.3 ml, 1.3 M in hexanes, 4.31 mmol), diisopropylamine (0.55 g, 0.74 ml, 5.48 mmol), Heathcock's ester 21 (0.73 g, 4.11 mmol) and aldehyde 17 (0.82 g, 3.92 mmol) in THF (100 ml) gave, after purification by column chromatography eluting with light petroleum (40-60oC)-ether (9:1) a separable diastereoisomeric mixture (89:11) of the ester anti, anti-50 (1.28 g, 85 %); Rf [light petroleum (40-60oC)-ether (9:1)] 0.2; vmax(film, CDCl3)/cm-1 3300 (OH) and 1785 (CO); H(400 MHz, CDCl3) 7.20-7.31 (5 H, m, Ph), 7.07 (3 H, s, OAr), 4.38 (1 H, d, J 8.5, OH), 3.73 (2 H, AB quartet, J 12.2, CH2Ph), 3.63 (1 H, dd, J 8.5 and 2.7, CHOH), 3.44 (1 H, dq, J 7.4 and 2.7, CHMe), 2.17 (6 H, s, MeAr), 1.77 (2 H, m, CH2), 1.53 (3 H, d, J 7.4, Me), 1.33 (3 H, s, Me) and 1.08 (3 H, t, J 7.4, Me); C(100 MHz, CDCl3) 175.4 (CO), 147.5 (i-ArO), 138.1, 130.3, 129.4, 129.0, 128.5, 127.0 and 126.0 (Ph and Ar), 80.5 (CHOH), 55.2 (CS), 43.2 (CCO), 38.6 (CH2Ph), 29.2 (CH2), 20.9, 18.8, 16.7 and 9.4 (4 ( Me) (Found M+, 398.1928. C23H30O3S requires M, 398.1916; m/z 398 (1%, M+), 209 (25, C12H17OS); 121 (10, OAr); 91 (100, CH2Ph).

(2SR,3RS,4RS) 4-Benzylsulfanyl-2,4-dimethyl-3-hydroxyhexanol anti, anti-51

In the same way as for the diol anti-26a, the ester anti-50 (0.50 g, 1.25 mmol) and LiAlH4 (0.19 g, 5.06 mmol) in ether (100 ml) gave, after flash column chromatography on silica gel eluting with ether the diol anti, anti-51 (0.30 g, 88 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.15; vmax(film, CDCl3)/cm-1 3500-3350 (br OH); H(250 MHz, CDCl3) 7.13-7.33 (5 H, m, Ph), 3.40-3.68 (6 H, m, CHOH, CH2OH, OH and CH2Ph), 3.08 (1 H, br s, OH), 1.95 (1 H, m, CHMe), 1.59 (2 H, m, CH2), 1.32 (3 H, s, Me), 1.01 (3 H, d, J 7.3, MeCH) and 0.94 (3 H, t, J 7.3, MeCH2); C(50 MHz, CDCl3) 137.7, 128.9, 128.6 and 127.1 (Ph), 81.0 (CHOH), 66.8 (CH2OH), 53.2 (CS), 35.0 (CHMe), 32.2 (CH2Ph), 27.7 (CH2), 22.1, 18.4 and 8.8 (3 ( Me) (Found M+, 268.4087. C15H24O2S requires M, 268.4158); m/z 268  (5%, M+) and 91 (100, CH2Ph).

(2RS,3SR,4RS) 3-Benzylsulfanyl-2,4-dimethyl-2-ethyltetrahydrofuran anti, anti-53

In the same way as for the tetrahydrofuran anti-28a, the diol anti anti-51 (46 mg, 0.16mol) and toluene-p-sulfonic acid (1.7 mg, 10.0 mol) in CH2Cl2 (3 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti, anti-53 (42 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (5:1)] 0.2; vmax(film, CDCl3)/cm-1 1544 (Ph); H(400 MHz, CDCl3) 7.20-7.41 (5 H, m, Ph), 3.92 (1 H, t, J 8.5, CHACHBO), 3.75 (2 H, s, CH2Ph), 3.23 (1 H, t, J 8.5, CHACHBO), 2.34 (1 H, d J 10.6, CHSBn), 2.24 (1 H, m, CHMe), 1.45 (2 H, m CH2Me), 1.12 (3 H, s, Me), 0.99 (3 H, d, J 7.4, MeCH) and 0.76 (3 H, t, J 7.3, MeCH2); C(50 MHz, CDCl3) 138.4, 129.1, 128.4 and 127.1 (Ph), 85.1 (CO), 71.8 (CH2O), 57.2 (CHS), 41.1 (CHMe), 37.3 (CH2Ph), 32.6 (CH2), 22.32, 15.71 and 7.88 (3 ( Me) (Found M+, 250.3995. C15H22OS requires M, 250.4004); m/z 250.4 (10%, M+) and 91.1 (100, CH2Ph).

(4RS,5RS) 5-Benzylsulfanyl-4-hydroxy-5-methylheptan-2-one anti-54
In the same way as for the ester anti-25a, n-BuLi (3.61 ml, 1.3 M in hexanes, 4.69 mmol), diisopropylamine (0.60 g, 0.81 ml, 5.98 mmol), acetone (260 mg, 4.26 mmol) and aldehyde 17 (0.89 g, 4.26 mmol) in THF (50 ml) gave, after purification by column chromatography eluting with light petroleum (40-60oC)-ether (9:1) a separable diastereoisomeric mixture (86:14) of the ketone anti-54 (0.89 g, 79 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.25; vmax(film, CDCl3)/cm-1 3300 (OH) and 1715 (CO); H(400 MHz, CDCl3) 7.18-7.34 (5 H, m, Ph); 4.02 (1 H, dd, J 10.0 and 2.0 CHOH), 3.69 (2 H, AB quartet, J 15.9, CH2Ph), 2.84 (1 H, dd, J 17.2 and 2.0, CHAHBCO), 2.65 (1 H, dd, J 17.2 and 10.0, CHAHBCO), 2.15 (3 H, s, MeCO), 1.62 (2 H, m, CH2), 1.23 (3 H, s, Me), 1.12 (1 H, s, OH) and 1.01 (3 H, t, J 7.3, MeCH2); C(100 MHz, CDCl3) 207.7 (CO), 138.0, 128.9, 128.6 and 127.0 (Ph), 72.4 (CHOH), 54.1 (CS), 45.2 (CCO), 32.5 (CH2Ph), 30.9 (MeCO), 28.6 (CH2), 20.5 and 8.6 (2 ( Me) (Found M+, 266.1338. C15H22O2S requires M, 266.1340); m/z 266.1 (40%, M+) and 91.1 (100, CH2Ph).

(3SR,4SR,5RS) 4-Benzylsulfanyl-1,4-dimethyl-3-hydroxyhexanol anti, syn-55

Diethylmethoxyborane (0.7 ml, 1M in THF, 0.7 mmol) was added slowly to a stirred solution of ketone anti-54 (0.18 g, 0.7 mmol) in THF-methanol (10 ml 4:1) at -78oC and was stirred for 30 min. NaBH4 (52 mg, 1.4 mmol) was added and the solution stirred for 1 hour. Acetic acid (2ml) was added and the solution was allowed to warm to room temperature. The solution was extracted with ether (3 (50 mland washed with NaHCO3 (50 ml). The combined organic layers were dried (MgSO4) and evaporated under reduced pressure. The residue was purified by flash column chromatography eluting with light petroleum (40-60oC)-ether (1:1) to give the diol anti, syn-55 (0.17 g, 91 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.15; vmax(film, CDCl3)/cm-1 3500-3350 (OH, broad); H(400 MHz, CDCl3) 7.19-7.35 (5 H, m, Ph), 3.48-3.98 (6 H, m, 2 ( CHOH, 2 ( OH and CH2Ph), 1.51-1.71 (4 H, m, 2 ( CH2), 1.24 (3 H, s, Me), 1.18 (3 H, d, J 7.1, MeCHOH) and 0.86 (3 H, t, J 7.3, MeCH2); C(50 MHz, CDCl3) 137.6, 128.9, 128.6 and 127.1 (Ph), 77.0 (CHOH), 68.9 (CHOH), 53.1 (CS), 38.4, 33.1 and 27.8 (3 ( CH2), 23.9, 21.7 and 8.7 (3 ( Me) (Found M+, 268.4892. C15H24O2S requires M, 268.4158); m/z 268 (5%, M+) and 91 (100, CH2Ph).

(3SR,4SR,5RS) 4-Benzylsulfanyl-1,4-dimethyl-3-hydroxyhexanol anti, anti-55

Tetramethylammonium triacetoxyborohydride (0.88 g, 3.36 mmol) was added to a solution of MeCN-acetic acid (4 ml, 1:1) and stirred for 1 hour. The solution was cooled to -20oC. The ketone anti-54 (0.11 g, 0.42 mmol) in MeCN (1ml) was slowly added. The solution was kept at -20oC for 4 days.  The solution was extracted with ether (3 (50mland the combined organic layers were washed with NaHCO3 (3 (20 ml). The combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give mixture of (92:8) diastereoisomers.  The residue was purified by column chromatography eluting with light petroleum (40-60oC)-ether (1:1) to give the diol anti, syn-55 (89 mg, 80 %) as a single diastereoisomer as a colourless oil; Rf [light petroleum (40-60 oC)-ether (1:1)] 0.25; vmax(film, CDCl3)/cm-1 3500-3350 (br OH); H(400 MHz, CDCl3) 7.19-7.34 (5 H, m, Ph), 3.95 (1 H, m, CHOH), 3.50-3.68 (4 H, m, CHOH, OH and CH2Ph), 3.43 (1 H, br s, OH), 1.51-1.71 (4 H, m, 2 ( CH2), 1.21 (3 H, s, Me), 1.12 (3 H, d, J 7.4, MeCHO) and 0.86 (3 H, t, J 7.4, MeCH2); C(50 MHz, CDCl3) 138.0, 128.9, 128.6 and 127.1 (Ph), 77.2 (CHOH), 68.9 (CHOH), 55.9 (CS); 38.5, 32.7 and 29.3 (3 ( CH2), 23.92, 22.72 and 8.76 (3 ( Me) (Found M+, 268.4892. C15H24O2S requires M, 268.4158); m/z 268.4 (5%, M+) and 91.1 (100, CH2Ph).

(4SR,5RS) 4-Benzylsulfanyl-3-hydroxy-1,1,4-trimethylhexanol anti-56

MeMgCl (1 ml, 3M in ether, 3 mmol) was added to a stirred solution of the ketone anti-54 (0.24 g, 90 mol) in ether (5 ml) at -78oC was added MeMgCl (1 ml, 3M in ether, 3 mmol) and stirred for 1 hour. Brine (2 ml saturated) was added and the solution was extracted with ether (3 (mlThe combined organic layers were dried (MgSO4) and evaporated under reduced pressure. The residue was purified by flash column chromatography eluting with light petroleum (40-60oC)-ether (1:1) to give the diol anti-56 (0.23 g, 94 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.25; vmax(film, CDCl3)/cm-1 3500-3350 (OH, broad); H(250 MHz, CDCl3) 7.16-7.31 (5 H, m, Ph), 3.69 (3 H, m, CHOH and CH2Ph), 2.27 (2 H, s broad, 2 ( OH), 1.32-1.65 (4 H, m, 2 ( CH2), 1.27 (3 H, s, Me), 1.20 (3 H, s, Me), 1.14 (3 H, s, Me) and 0.93 (3 H, t, J 7.4, Me); C(50 MHz, CDCl3) 137.8, 128.8, 128.6 and 127.2 (Ph), 72.3 and 71.4 (2 ( COH), 54.8 (CS), 37.9 (CH2CO), 27.3 (CH2), 24.2, 23.7, 23.5, and 8.7 (4 ( Me) (Found M+, 281.5012. C16H25O2S requires M, 281.4348); m/z 281.4 (5%, M+) and 91.1 (100, CH2Ph).

(2RS,3SR,5RS) 3-Benzyl-2,5-dimethyl-2-ethyl-3-tetrahydrofuran anti, syn-57

In the same way as for the tetrahydrofuran anti-28a, the diol anti-syn-55 (55 mg, 0.19 mmol) and toluene-p-sulfonic acid (1.7 mg, 10.0 mol) in CH2Cl2 (3 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti, syn-57 (47 mg, 91 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (5:1)] 0.20; vmax(film, CDCl3)/cm-1 1552 (Ph); H(400 MHz, CDCl3) 7.21-7.34 (5 H, m, Ph), 3.88 (1 H, m, OCHMe), 3.73 (2 H, AB quartet, J 13.4, CH2Ph), 2.94 (1 H, dd J 11.4 and 6.7, CHS), 2.35 (1 H, m CHAHBCHS), 1.68 (1H, m, CHAHBCHS), 1.50 (2 H, m, CH2), 1.22 (3 H, d, J 6.1, MeCHO), 1.15 (3 H, s, Me) and 0.79 (3 H, t, J 7.4, MeCH2); C(125 MHz, CDCl3) 138.3, 129.3, 128.5 and 127.1 (Ph), 84.2 (CO), 72.8 (CHO), 50.2 (CHS), 42.5, 37.1 and 32.9 (3 ( CH2), 23.82, 21.89 and 8.23 (3 ( CH2) (Found M+, 250.4023. C15H22OS requires M, 250.4004); m/z 250.4 (20%, M+) and 91.1 (100, CH2Ph).

(2RS,3SR,5SR) 3-Benzylsulfanyl-2,5-dimethyl-2-ethyl-3-tetrahydrofuran anti, anti-57

In the same way as for the tetrahydrofuran anti-28a, the diol anti, anti-55 (16 mg, 57.2 mol) and toluene-p-sulfonic acid (0.7 mg, 4.24 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti, anti-57 (14 mg, 90 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (5:1)] 0.20; vmax(film, CDCl3)/cm-1 1552 (Ph); H(500 MHz, CDCl3) 7.23-7.34 (5 H, m, Ph), 3.88 (1 H, m, CHMe), 3.72 (2 H, AB quartet, J 13.4, CH2Ph), 2.95 (1 H, dd J 11.4 and 6.8, CHS), 2.28 (1 H, m CHAHBCHS), 1.65 (1 H, m, CHAHBCHS), 1.50 (2 H, m, CH2), 1.25 (3 H, d, J 7.4, MeCHO), 1.15 (3 H, s, Me) and 0.82 (3 H, t, J 7.4, MeCH2); C(125 MHz, CDCl3) 138.3, 129.4, 128.4 and 127.0 (Ph), 84.1 (CO), 72.8 (CHO), 50.2 (CHS), 42.5, 36.9 and 32.94 (3 ( CH2), 23.7, 21.8 and 8.07 (3 ( Me) (Found M+, 250.3991. C15H22OS requires M, 250.4004); m/z 250.4 (20%, M+) and 91.1 (100, CH2Ph).

(2RS,3SR) 4-Benzylsulfanyl-2-ethyl-2,5,5’-trimethyltetrahydrofuran anti-58

In the same way as for the THF anti-28a, the diol anti-56 (26 mg, 88.4 mol) and toluene-p-sulfonic acid (1.4 mg, 8.50 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-58 (21 mg, 85 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (5:1)] 0.30; vmax(film, CDCl3)/cm-1 1550 (Ph); H(400 MHz, CDCl3) 7.21-7.31 (5 H, m, Ph), 3.74 (2 H, AB quartet, J 13.4, CH2Ph), 3.03 (1 H, dd J 11.8 and 7.1, CHS), 2.05 (2 H, m, CH2), 1.55 (2 H, m, CH2), 1.25 (3 H, s, Me), 1.15 (3 H, s, Me), 1.07 (3 H, s, Me) and 0.72 (3 H, t, J 7.4, MeCH2); C(125 MHz, CDCl3) 138.4, 128.8, 128.5 and 127.1 (Ph), 84.7 and 78.1 (2 ( CO), 48.2 (CHS), 46.5 and 36.8 (2 ( CH2), 29.2, 25.2, 23.8 and 7.9 (4 ( Me) (Found M+, 264.4288. C16H24OS requires M, 264.4274); m/z 264.4 (20%, M+), 235.1 (30, M – C2H5) and 91.1 (100, CH2Ph).

anti-(3RS,4SR) and syn-(3RS,4RS) Ethyl 4-benzylsulfanyl-3-hydroxyheptanoate 59
In the same way as for the ester anti-25a, n-BuLi (6.3 ml, 1.3 M in hexanes, 8.19 mmol), diisopropylamine (1.05 g, 1.42 ml, 10.4 mmol), ethylacetate 29 (0.68 g, 0.76 ml, 7.82 mmol) and aldehyde 14 (1.55 g, 7.45 mmol) in THF (100 ml) gave, after HPLC eluting with light petroleum (40-60oC)-ether (4:1) the ester anti-59 (1.33 g, 61 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (4:1)] 0.25; vmax(film, CDCl3)/cm-1 3300 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.30-7.15 (5 H, m, Ph), 4.18-4.08 (1 H, m, CHOH), 4.15 (2 H, q, J 7.2, CH2O), 3.78 (2 H, AB quartet, CH2Ph), 3.10 (1 H, d, J 4.6, OH), 2.69-2.54 (3 H, m, CHSCH2 and CH2CO2), 1.59-1.35 (4 H, m, 2 ( CH2), 1.25 (3 H, t, J 7.2, MeCH2O) and 0.80 (3 H, t, J 6.8, MeCH2); C(50 MHz, CDCl3) 172.6 (CO), 138.3 (i-Ph), 128.9 (o-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 70.2 (CHOH), 60.6 (CH2O), 50.3 (CHSCH2), 37.9 (CHMe), 36.2 (CH2S), 32.4 (CH2), 20.1 (CH2), 14.0 (CH2CH2O) and 13.6 (MeCH2) (Found M+, 296.1441. C16H24O3S requires M, 296.1446); m/z 296.1 (5%, M), 179.1 (55, C4H8SBn), 123.0 (20, SBn) and 91.1 (100, Bn); and the ester syn-59 (0.65 g, 30 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (4:1)] 0.22; vmax(film, CDCl3)/cm-1 3300 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.31-7.21 (5 H, m, Ph), 4.18-4.04 (1 H, m, CHOH), 4.15 (2 H, q, J 7.1, CH2O), 3.73 (2 H, AB quartet, CH2Ph), 3.11 (1 H, d, J 4.0, OH), 2.57 (2 H, d, J 6.2, CH2CO2), 2.57-2.47 (1 H, m, CHSCH2), 1.71-1.29 (4 H, m, 2 ( CH2), 1.27 (3 H, t, J 7.1, MeCH2O) and 0.82 (3 H, t, J 7.0, MeCH2); C(50 MHz, CDCl3) 172.6 (CO), 138.2 (i-Ph), 128.8 (o-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 70.0 (CHOH), 60.5 (CH2O), 50.4 (CHSCH2), 38.5 (CH2S), 35.9 (CH2CO2), 33.1 (CH2), 20.2 (CH2), 14.0 (MeCH2O) and 13.6 (MeCH2) (Found (M – H2O)+, 278.1336. C16H22O2S requires M – H2O, 278.1340); m/z 278.1 (50%, M – H2O), 179.1 (50, C4H8SBn) and 91.1 (100, Bn).

(3RS,4SR) 4-Benzylsulfanyl-3-hydroxyheptanol anti-60
In the same way as for the diol anti-26a, the ester anti-59 (0.85 g, 2.87 mmol) and LiAlH4 (0.32 g, 8.61 mmol) in ether (100 ml) gave, after flash column chromatography on silica gel eluting with ether the diol anti-60 (0.65 g, 91 %) as a colourless oil; Rf (ether) 0.5; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.35-7.18 (5 H, m, Ph), 3.96-3.64 (5 H, m, CH2O, CH2Ph and CHOH), 3.39-3.26 (1 H, br s, OH), 3.25 (1 H, d, J 4.9, OH), 2.66 (1 H, ddd, J 9.0, 8.9 and 3.9, CHSCH2), 1.83-1.13 (6 H, m, 3 ( CH2) and 0.82 (3 H, t, J 6.9, Me); C(50 MHz, CDCl3) 138.2 (i-Ph), 128.7 (o-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 72.1 (CHOH), 60.9 (CH2O), 51.8 (CHSCH2), 36.1 (CH2S), 34.6, 32.2 and 20.2 (3 ( CH2) and 13.7 (Me) (Found M+, 236.1236. C14H20OS requires M, 236.1234); m/z 236.1 (20%, M), 179.1 (55, C4H8SBn), 123.0 (20, BnS) and 91.1 (100, Bn).

(3RS,4RS) 4-Benzylsulfanyl-3-hydroxyheptanol syn-60
In the same way as for the diol anti-26a, the ester syn-59 (0.25 g, 0.84 mmol) and LiAlH4 (95 mg, 2.53 mmol) in ether (100 ml) gave, after flash column chromatography on silica gel eluting with ether the diol syn-60 (0.19 g, 88 %) as a colourless oil; Rf (ether) 0.4; vmax(film, CDCl3)/cm-1 3500-3250 (OH); C (200 MHz, CDCl3) 7.34-7.18 (5 H, m, Ph), 3.87-3.65 (5 H, m, CH2Ph, CH2O and CHOH), 3.38-

3.22 (1 H, br s, OH), 3.15-2.97 (1 H, br s, OH), 3.57-3.42 (1 H, m, CHSCH2), 1.89-1.19 (6 H, m, 3 ( CH2) and 0.8 (3 H, t, J 6.9, Me); C(50 MHz, CDCl3) 138.2 (i-Ph), 128.9 (o-Ph), 128.4 (m-Ph), 127.0 (p-Ph), 73.2 (CHOH), 61.2 (CH2O), 52.7 (CHSCH2), 35.6 (CH2S), 35.5, 33.3 and 20.2 (3 ( CH2) and 13.8 (Me) (Found M+, 254.1343. C14H22O2S requires M, 254.1340); m/z 254.1 (5%, M), 236.1 (45, M – H2O), 179.1 (55, C4H8SBn), 123.0 (25, SBn) and 91.1 (100, Bn).

(2SR,3RS) 3-Benzylsulfanyl-2-propyltetrahydrofuran anti-61
In the same way as for the tetrahydrofuran anti-28a, the diol anti-60 (30 mg, 0.11 mmol) and toluene-p-sulfonic acid (2.2 mg, 11.8 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti-61 (27 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.45; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 7.40-7.22 (5 H, m, Ph), 3.89-3.69 (4 H, m, CH2O and CH2Ph), 3.61-3.56 (1 H, m, CHO), 2.79-2.70 (1 H, dt, J 7.9 and 6.5, CHS), 2.22-2.09 (1 H, m, CHAHB), 1.65-1.25 (5 H, m, 2 ( CH2 and CHAHB) and 0.83 (3 H, t, J 7.0, MeCH2); C(100 MHz, CDCl3) 138.2* (i-Ph), 128.9 (o-Ph), 128.5 (m-Ph), 127.2 (p-Ph), 84.0 (CHO), 61.7* (CH2O), 47.2 (CHS), 36.6*, 34.6*, 34.4* and 19.4* (4 ( CH2) and 14.0 (Me) (Found M+, 236.1245. C14H20SO requires M, 236.1234); m/z 236.1 (10%, M), 112.1 (5, M – BnSH) and 91.1 (100, Bn).

(2SR,3SR) 3-Benzylsulfanyl-2-propyltetrahydrofuran syn-61

In the same way as for the tetrahydrofuran anti-28a, the diol syn-60 (45 mg, 0.17 mmol) and toluene-p-sulfonic acid (3.3 mg, 17.7 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran syn-61 (43 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.45; vmax(film, CDCl3)/cm-1 3100 (CH); H(400 MHz, CDCl3) 7.34-7.22 (5 H, m, Ph), 3.99 (1 H, q, J 6.4, CHO), 3.84-3.79 (1 H, m, CHAHBO), 3.76-3.70 (1 H, m, CHAHB), 3.72 (2 H, AB quartet, CH2Ph), 3.18 (1 H, td, J 6.9 and 5.3, CHS), 2.28-2.18 (1 H, m, CHAHB), 2.00-1.91(1 H, m, CHAHB), 1.60-1.21 (4 H, m, 2 ( CH2) and 0.93 (3 H, t, J 7.0, MeCH2); C(100 MHz, CDCl3) 138.3* (i-Ph), 128.8 (o-Ph), 128.5 (m-Ph), 127.0 (p-Ph), 81.0 (CHO), 65.7* (CH2O), 46.5 (CHS), 36.2*, 33.5*, 33.4* and 19.7* (4 ( CH2) and 14.12 (Me) (Found M+, 236.1223. C14H20SO requires M, 236.1234); m/z 236.1 (30%, M), 112.1 (10, M – BnSH) and 91.1 (100, Bn).

anti-, anti-(2SR,3RS,4SR) and syn-, anti-(2SR,3RS,4RS) 2,6-Dimethylphenyl 4-benzylsulfanyl-2,6-dimethyl-3-hydroxyheptanoate 62
In the same way as for the ester anti-25a, n-BuLi (3.3 ml, 1.3 M in hexanes, 4.31 mmol), diisopropylamine (0.55 g, 0.74 ml, 5.48 mmol), Heathcock's ester 21 (0.73 g, 4.11 mmol) and the aldehyde 20 (0.87 g, 3.92 mmol) in THF (100 ml) gave, after HPLC eluting with light petroleum (40-60oC)-ether (1:1) a separable diastereoisomeric mixture (75:25) of the ester anti, anti-62 (1.06 g, 69 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.5; vmax(film, CDCl3)/cm-1 3300 (OH) and 1650 (CO); H(400 MHz, CDCl3) 7.37 (5 H, m, Ph), 7.03 (3 H, s, Ar), 4.69 (1 H, br s, OH), 3.98 (1 H, br d, J 8.4, CHOH), 3.71 (2 H, AB quartet, CH2Ph), 3.05 (1 H, quintet, J 7.1, CHMe), 2.74 (1 H, dt, J 11.8 and 2.9, CHSCH2), 2.21 (6 H, s, 2 ( Me, Ar), 1.85-1.78 (1 H, m, CH(Me)2), 1.56-1.19 (2 H, m, CH2), 1.19 (3 H, d, J 7.1, MeCH), 0.91 (3 H, d, J 6.7, MeACHMeB) and 0.62 (3 H, d, J 6.5, MeACHMeB); C(100 MHz, CDCl3) 173.5* (CO), 148.0* (i-OAr), 138.0* (i-Ph), 130.3* (2 (i-CMe, Ar), 129.3, 128.7, 127.3 and 126.1 (o-, m-, p-Ph and m-, p-OAr), 73.7 (CHOH), 45.5 (CHSCH2), 42.3 (CHMe), 35.7* (CH2S), 34.6* (CH2), 25.1 (CH(Me)2), 23.8 and 20.8 (CH(Me)2), 16.4 (Me, Ar), 15.9 (Me, Ar) and 14.0 (MeCH); m/z 279.1 (25 %, M – OAr), 122.1 (25, ArOH) and 91.1 (100, Bn); and the ester syn, anti-62 (0.35 g, 23 %), as a colourless oil; Rf [light petroleum (40-60oC)-ether (1:1)] 0.45; vmax(film, CDCl3)/cm-1 3300 (OH) and 1650 (CO); H(200 MHz, CDCl3) 7.39-7.20 (5 H, m, Ph), 7.04 (3 H, s, Ar), 4.15 (1 H, ddd, J 7.0, 3.3 and 4.5, CHOH), 3.77 (2 H, AB quartet, CH2Ph), 3.20 (1 H, quintet, J 7.0, CHMe), 2.98-2.84 (1 H, m, CHSCH2), 2.82 (1 H, d, J 3.3, OH), 2.25-2.13 (2 H, m, CH2), 2.17 (6 H, s, 2 ( Me, Ar), 2.00-1.81 (1 H, m, CH(Me)2), 1.52 (3 H, d, J 7.0, MeCH), 0.93 (3 H, d, J 6.6, MeACHMeB) and 0.74 (3 H, d, J 6.4, MeACHMeB); C(50 MHz, CDCl3) 173.1 (CO), 147.8 (i-OAr), 138.2 (i-Ph), 129.9 (i-CMe, Ar), 128.9, 128.6, 128.4, 127.0 and 125.9 (o-, m-, p-Ph and m-, p-OAr), 72.4 (CHOH), 47.0 (CHSCH2), 41.5 (CHMe), 37.2 (CH2S), 34.6 (CH2), 25.3 (CHMe), 23.6 (Me), 20.9 (Me), 16.5 (2 ( Me, Ar) and 13.8 (MeCH); m/z 279.1 (35%, M – OAr), 122.1 (20, ArOH) and 91.1 (100, Bn).

(2SR,3RS,4SR) 4-Benzylsulfanyl-2,6-dimethyl-3-hydroxyheptanol anti, anti-63

In the same way as for the diol anti-26a, ester anti-, anti-62 (0.2 g, 0.5 mmol) and LiAlH4 (56 mg, 1.5 mmol) in ether (10 ml) gave, after flash column chromatography on silica gel eluting with ether the diol anti, anti-63 (0.13 g, 93 %) as a colourless oil; Rf (ether) 0.45; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.35-7.19 (5 H, m, Ph), 3.75 (2 H, AB quartet, CH2S), 3.64 (2 H, t, J 5.8, CH2OH), 3.55 (1 H, dt, J 9.5 and 1.7, CHOH), 3.28 (1 H, t, J 5.8, CH2OH), 3.07 (1 H, d, J 1.7, OH), 2.69 (1 H, ddd, J 11.1, 3.3 and 2.3, CHSCH2), 1.98-1.63 (2 H, m, CHMe and CH(Me)2), 1.45-1.11 (2 H, m, CH2), 0.86 (3 H, d, J 6.6, MeCH), 0.67 (3 H, d, J 6.9, MeACHMeB ) and 0.61 (3 H, d, J 6.4, MeACHMeB); C(50 MHz, CDCl3) 137.8 (i-Ph), 128.9 (o-Ph), 128.5 (m-Ph), 127.2 (p-Ph), 77.0 (CHOH), 68.8 (CH2O), 46.6 (CHSCH2), 36.5 (CHMe), 35.2 (CH(Me)2), 34.7 (CH2S), 25.0 (CH2), 23.7 (Me), 20.7 (Me) and 12.8 (MeCH) (Found M+, 282.1655. C16H26O2S requires M, 282.1653); m/z 282.2 (15%, M – H), 264.2 (55, M – H2O), 137.0 (25, BnSCH2), 123.0 (5, SBn) and 91.1 (100, Bn).

(2SR,3RS,4RS) 4-Benzylsulfanyl-2,6-dimethyl-3-hydroxyheptanol syn, anti-63
In the same way as for the diol anti-26a, ester syn, anti-62 (0.1 g, 0.25 mmol) and LiAlH4 (28 mg, 0.75 mmol) in ether (5 ml) gave, after flash column chromatography on silica gel eluting with ether the diol syn, anti-63 (64 mg, 91 %) as a colourless oil; Rf (ether) 0.5; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.35-7.20 (5 H, m, SPh), 3.74-3.64 (3 H, m, CH2Ph and CHOH), 3.53 (2 H, br d, J 4.6, CH2OH), 2.82-2.68 (2 H, m, CHSCH2 and OH), 2.08-1.72 (3 H, m, CHMe, CH(Me)2 and OH), 1.50-1.34 (2 H, m, CH2), 0.99 (3 H, d, J 6.8, MeCH), 0.88 (3 H, d, J 6.6, MeACHMeB) and 0.71 (3 H, d, J 6.4, MeACHMeB); C(50 MHz, CDCl3) 138.3 (i-Ph), 128.9 (o-Ph), 128.4 (m-Ph), 127.0 (p-Ph), 74.1 (CHOH), 66.2 (CH2O), 47.4 (CHSCH2), 38.3 (CHMe), 36.6 (CH(Me)2), 35.2 (CH2S), 25.1 (MeACHMeB), 23.6 (CH2), 21.1 (MeACHMeB) and 11.9 (MeCH) [Found (M – H2O)+, 264.1549. C16H24OS requires M – H2O, 264.1547]; m/z 264.2 (60%, M – H2O), 137.0 (20, CH2SBn) and 91.1 (100, Bn).

(2SR,3RS,4RS) 3-Benzylsulfanyl-2-(2'-methylpropyl)-4-methyltetrahydrofuran anti, anti-64

In the same way as for the tetrahydrofuran anti-28a, the diol anti, anti-63 (20 mg, 70 mol) and toluene-p-sulfonic acid (6.7 mg, 35 mol) in CH2Cl2 (1 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran anti, anti-64 (18.4 mg, 99 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.3; vmax(film, CDCl3)/cm-1 1600 and 1575 (Ph); H(400 MHz, CDCl3) 7.32-7.21 (5 H, m, Ph), 3.92 (1 H, dd, J 8.5 and 6.8, CHAHBO), 3.77 (2 H, AB quartet, CH2Ph), 3.66 (1 H, q, J 7.5, CHOCH2), 3.42 (1 H, d, J 8.5 and 6.5, CHAHBO), 2.25-2.11 (2 H, m, CHSCH2 and CH(Me)2), 1.74 (1 H, m, CHMe), 1.36 (2 H, t, J 7.1, CH2), 0.98 (3 H, d, J 6.3, CHMe), 0.90 (3 H, d, J 6.6, MeACHMeB) and 0.86 (3 H, d, J 6.5, MeACHMeB); C(100 MHz, CDCl3) 138.3* (i-Ph), 128.9 (o-Ph), 128.5 (m-Ph), 127.1 (p-Ph), 83.3 (CHOH), 73.3* (CH2O), 55.9 (CHS), 43.7* (CH2S), 41.6 (CHMe), 36.1* (CH2), 25.5 (CH(Me)2), 23.7 (Me), 21.7 (Me) and 17.1 (MeCH) (Found M+, 264.1545. C16H24OS requires M, 264.1547); m/z 264.2 (10%, M), 173.1 (20, M – Bn), 141.1 (10, M – SBn) and 91.1 (100, Bn).

(2RS,3RS,4RS) 3-Benzylsulfanyl-2-(2'-methylpropyl)-4-methyltetrahydrofuran syn, anti-64

In the same way as for the tetrahydrofuran anti-28a, the diol syn, anti-63 (6 mg, 21.2 mol) and toluene-p-sulfonic acid (0.7 mg, 4.24 mol) in CH2Cl2 (1 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the tetrahydrofuran syn, anti-64 (5.4 mg, 98 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.3; vmax(film, CDCl3)/cm-1 1600-1550 (Ph); H(400 MHz, CDCl3) 7.42-7.25 (5 H, m, Ph), 3.95 (2 H, m, CHO and CHAHBO), 3.94 (2 H, AB quartet, CH2Ph), 3.68-3.60 (1 H, m, CHAHBO), 2.25-2.10 (2 H, m, CHSCH2 and CH(Me)2), 1.84-1.50 (3 H, m, CHMe and CH2), 1.02 (3 H, d, J 6.3, CHMe), 0.88 (3 H, d, J 6.6, MeACHMeB) and 0.85 (3 H, d, J 6.5, MeACHMeB); C(50 MHz, CDCl3) 138.3 (i-Ph), 128.8 (o-Ph), 128.5 (m-Ph), 127.2 (p-Ph), 83.2 (CHOH), 72.9 (CH2O), 55.9 (CHS), 43.6 (CH2S), 41.1 (CHMe), 35.9 (CH2), 25.5 (CH(Me)2), 23.7 and 21.5 (2 ( Me) and 17.1 (MeCH) (Found M+, 264.1544. C16H24OS requires M, 264.1547); m/z 264.2 (10%, M), 173.1 (10, M – Bn), 141.1 (10, M – SBn) and 91.1 (100, Bn).

Ethyl 4-benzylsulfanyl-3-hydroxy-3-methylbutanoate 66

In the same way as the ester anti-25a, n-BuLi (9.39 ml, 1.3 M in hexanes, 12.2 mmol), diisopropylamine (1.57 g, 2.12 ml, 15.5 mmol), ethyl acetate 29 (1.02 g, 1.12 ml, 11.6 mmol) and ketone 65 (2 g, 11.6 mmol) in THF (150 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester 66 (2.8 g, 93 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.31-7.21 (5 H, m, Ph), 4.15 (2 H, q, J 7.1, CH2O), 3.78 (2 H, AB quartet, CH2Ph), 2.77-2.40 (4 H, 2 × AB quartet, CH2S and CH2CO2), 1.50 (1 H, s, OH), 1.29 (3 H, s, Me) and 1.25 (3 H, t, J 7.1, MeCH2); C(50 MHz, CDCl3) 172.5 (CO), 138.1 (i-Ph), 128.9 (m-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 71.3 (COH), 60.6 (CH2O), 43.7 (CH2S), 42.6 (CH2S), 37.7 (CH2CO2), 26.7 (MeC) and 14.0 (MeCH2) [Found (M – H2O)+, 250.1025. C14H18O2S requires M – H2O, 250.1027]; m/z 250.1 (10%, M – H2O), 131.1 (50, M – CH2SBn) and 91.1 (100, Bn).

4-Benzylsulfanyl-3-hydroxy-3-methylbutanol 67
In the same way as the diol anti-26a, the ester 66 (2.8 g, 10.4 mmol) and LiAlH4 (1.17 g, 31.3 mmol) in ether (350 ml) gave, after flash column chromatography on silica gel eluting with ether the diol 67 (2.17 g, 92 %) as a colourless oil; Rf (ether) 0.45; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(400 MHz, CDCl3) 7.35-7.21 (5 H, m, Ph), 3.84-3.78 (2 H, m, CH2OH), 3.74 (2 H, AB quartet, CH2Ph), 3.16 (1 H, s, OH), 3.14-2.94 (1 H, br s, OH), 2.59 (2 H, AB quartet, CH2S), 1.84-1.76 (1 H, m, CHAHB), 1.69-1.63 (1 H, m, CHAHB) and 1.24 (3 H, s, Me); C(100 MHz, CDCl3) 138.1* (i-Ph), 128.9 (m-Ph), 128.6 (o-Ph), 127.2 (p-Ph), 73.6 (CHOH), 59.5* (COH), 59.5* (CH2O), 45.9* (CH2Ph), 44.0* (CH2S), 38.0* (CH2) and 26.6 (Me); m/z 226.1 (5%, M), 208.1 (30, M – H2O + H) and 91.1 (100, Bn).

anti-(2SR,3RS) and syn-(2RS,3SR) 2,6-Dimethylphenyl 4-benzylsulfanyl-2,3-dimethyl-3-hydroxybutanoate 68
In the same way as the ester anti-25a, n-BuLi (11.7 ml, 1.3 M in hexanes, 15.26 mmol), diisopropylamine (1.96 g, 2.65 ml, 19.4 mmol), Heathcock's ester 21 (2.59 g, 14.6 mmol) and ketone 65 (2.5 g, 2 ml, 13.88 mmol) in THF (300 ml) gave, after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) an inseparable diastereomeric mixture (75:25) of the anti- and syn-ester 68 (4.5 g, 91 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3300 (OH), 1650 (CO), 1600 and 1550 (Ph); H(200 MHz, CDCl3) 7.38-7.28 (10 H, m, Phs and Pha), 7.03 (6 H, s, OArs and OAra), 3.85 (2 H, AB quartet, CH2Pha), 3.50 (2 H, AB quartet, CH2Phs), 3.27 (1 H, s, OHa 3.19 (1 H, q, J 7.3, CHMea, 3.08 (1 H, q, J 6.2, CHMes), 2.91 (1 H, AB quartet, J 13.5, CHAHBSs), 2.75 (2 H, AB quartet, CH2Sa), 2.67 (1 H, AB quartet, J 13.3, CHAHBSs), 2.28 (1 H, s, OHs), 2.15 (12 H, s, 2 × Me, OAra and 2 × Me, OArs) and 1.43-1.37 (12 H, m, MeCHs+a and MeCs+a); C(50 MHz, CDCl3) 174.2 (COs and COa), 147.5 (i-OArs and i-OAra), 138.2 (i-Pha), 137.7 (i-Phs), 130.1, 129.2, 129.0, 128.7, 128.6, 127.3, 127.2 and 126.0 (o-, p- and m-Phs+a, m- and p-OArs+a and i-CMe, OArs+a), 74.2 (COHs), 74.0 (COHa), 42.4 (CH2Pha and CH2Phs), 40.8 (CHMea and CHMes), 38.0 (CH2Sa and CH2Ss), 23.4 (MeCa and MeCs), 16.3 (2 × Me, Ara and 2 × Me, Ars) and 13.9 (MeCHs and MeCH); m/z 358.1 (10%, M), 121.1 (30, OAr) and 91.1 (100, Bn).

anti-(2SR,3RS) and syn-(2RS,3SR)-4-Benzylsulfanyl-2,3-dimethyl-3-hydroxybutanol 69
In the same way as the diol anti-26a, the ester anti-68 (1.2 g, 3.48 mmol) and LiAlH4 (0.39 g, 1.46 mmol) in ether (200 ml) gave, after HPLC eluting with ether a separable diastereoisomeric mixture (75:25) of the diol anti-69 (0.54 g, 65 %) as a colourless oil; Rf (ether) 0.65; vmax(film, CDCl3)/cm-1 3500-3300 (OH); H(200 MHz, CDCl3) 7.38-7.21 (5 H, m, Ph), 3.71 (2 H, AB quartet, CH2Ph), 3.65 (2 H, AB quartet, CH2O), 3.58 (1 H, t, J 6.0, CH2OH), 2.59 (2 H, AB quartet, CH2S), 2.01-1.90 (2 H, m, CHMe and OH), 1.15 (3 H, s, Me) and 0.72 (3 H, d, J 6.2, MeCH); C(50 MHz, CDCl3) 138.1 (i-Ph), 128.7 (o-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 75.9 (COH), 65.5 (CH2O), 43.5 (CH2Ph), 41.4 (CHMe), 37.7 (CH2S), 21.7 (MeC) and 12.6 (MeCH) [Found (M – C3H6O)+, 182.0768. C10H14OS requires M – C3H6O, 182.0765]; m/z 182.1 (20%, M – C3H6O), 123.0 (10, BnS) and 91.1 (100, Bn); and the diol syn-69 (0.19 g, 22 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.6; vmax(film, CDCl3)/cm-1 3300 (OH); H(200 MHz, CDCl3) 7.39-7.21 (5 H, m, Ph), 3.75 (2 H, AB quartet, CH2Ph), 3.70 (1 H, t, J 6.5, CH2OH), 3.65 (2 H, AB quartet, CH2O), 2.59 (2 H, AB quartet, CH2S), 1.99-1.87 (2 H, m, CHMe and OH), 1.22 (3 H, s, Me) and 0.85 (3 H, d, J 7.1, MeCH);  C(50 MHz, CDCl3) 138.1 (i-Ph), 128.7 (o-Ph), 128.3 (m-Ph), 126.9 (p-Ph), 74.8 (COH), 65.2 (CH2O), 42.7 (CH2Ph), 40.1 (CHMe), 37.8 (CH2S), 26.1 (MeC) and 12.2 (MeCH); m/z 240.1 (5%, M), 123.0 (10, BnS), 117.1 (5, M – SBn) and 91.1 (100, Bn).

Attempted TsOH rearrangement of diol anti-69
In the same way as the tetrahydrofuran anti-28a, the diol anti-69 (40 mg, 0.16 mmol) and toluene-p-sulfonic acid (5.4 mg, 31.4 mmol) in toluene (1 ml) decomposed steadily on prolonged refluxing.

Ethyl 4-Benzylsulfanyl-3-hydroxy-2,2,3-trimethylbutanoate 70
In the same way as the ester anti-25a, n-BuLi (14.1 ml, 1.3 M in hexanes, 18.3 mmol), diisopropylamine (2.35 g, 3.17 ml, 23.3 mmol), ethyl isobutyrate (2.03 g, 2.34 ml, 17.5 mmol) and ketone 65 (3 g, 12.1 mmol) in THF (150 ml) gave after flash column chromatography on silica gel eluting with light petroleum (40-60oC)-ether (9:1) the ester 70 (4.69 g, 95 %) as a colourless oil; Rf [light petroleum (40-60oC)-ether (9:1)] 0.1; vmax(film, CDCl3)/cm-1 3350 (OH) and 1700 (CO); H(200 MHz, CDCl3) 7.43-7.19 (5 H, m, Ph), 4.11 (2 H, q, J 7.0, CH2O), 3.78 (2 H, AB quartet, CH2Ph), 3.77 (1 H, s, OH), 2.70 (1 H, AB quartet, J 13.5, CHAHBS), 2.50 (1 H, AB quartet, J 13.5, CHAHBS), 1.25 (3 H, t, J 7.0, MeCH2), 1.22 (3 H, s, Me), 1.17 (3 H, s, Me) and 0.91 (3 H, s, Me); C(50 MHz, CDCl3) 177.7 (CO), 138.3 (i-Ph), 129.0 (m-Ph), 128.3 (o-Ph), 126.8 (p-Ph), 75.9 (CHOH), 60.9 (CH2O), 49.5 (CSCH2), 39.5 (CH2Ph), 37.8 (CH2S), 21.9, 21.5 and 20.9 (3 × Me) and 13.9 (MeCH2) [Found (M – H2O)+, 278.1343. C16H22O2S requires M – H2O, 278.1340]; m/z 278.1 (5%, M – H2O), 159.1 (60, M – Bn – C2H4), 116.1 (15, C3H7CO2Et) and 91.1 (100, Bn).

4-Benzylsulfanyl-3-hydroxy-2,2,3-trimethylbutanol 71
In the same way as the diol anti-26a, the ester 70 (1 g, 12.1 mmol) and LiAlH4 (1.35 g, 36.2 mmol) in ether (200 ml) gave, after flash column chromatography on silica gel eluting with ether the diol 71 (0.81 g, 93 %) as a colourless oil; Rf (ether) 0.7; vmax(film, CDCl3)/cm-1 3450-3300 (OH); H(200 MHz, CDCl3) 7.39-7.21 (5 H, m, Ph), 3.73 (2 H, AB quartet, CH2Ph), 3.63 (2 H, q, J 5.3, CH2O), 3.49 (1 H, br s, OH), 3.23 (1 H, s, OH), 2.79 (1 H, AB quartet, J 13.4, CHAHBS), 2.58 (1 H, AB quartet, J 13.4, CHAHBS), 1.21 (3 H, s, Me), 0.91 (3 H, s, Me) and 0.87 (3 H, s, Me); C(50 MHz, CDCl3) 138.0 (i-Ph), 128.9 (m-Ph), 128.5 (o-Ph), 127.1 (p-Ph), 77.6 (COH), 70.9 (CH2O), 40.6 (CMe), 40.1 (CH2Ph), 38.2 (CH2S), 22.4, 21.1 and 20.6 (3 × Me) [Found (M – Me)+, 239.1100. C13H19O2S requires M – Me, 239.1105]; m/z 239.1 (10%, M – Me), 138.1 (50, BnSCH2 + H) and 91.0 (100, Bn).

