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i) Et3N/ BzCN/ CH2Cl2/ 0 oC/ 3h, ii) Aqueous 80% TFA/0 oC/3 h, iii)TBDPSCl/imidazole/ CH2Cl2/0 oC/4 h, iv) O3/ 
NaOH-MeOH/ CH2Cl2/-40 oC- 0 oC/ 7h.

O O

BzO

RO

3OBz

O
O

3a

2b

OBz

HO
OH

OBz

RO
OH

3b 3c

iii iii iv

R = TBDPS R = TBDPS

86% 76% 70% 68%

Synthesis of γ-lactone 3

Experimental section.

(3R,4S,5R)-4-Benzoyloxy-5,6-cyclohexylidenedioxy-3-methyl-1-hexene 3a. To a well stirred and cooled (0 oC) solution of 2b (0.55 g, 

2.43 mmol) and Et3N (0.51 mL, 3.65 mmol) in CH2Cl2 (15 mL) was added BzCN (380 mg, 2.92 mmol) in CH2Cl2 (10 mL) in 20 min. 

After completion of the reaction (cf. TLC, 3 h) the reaction mixture was poured into H2O (15 mL), the organic layer separated, and the 

aqueous layer extracted with CHCl3 (2  10 mL). The combined organic extracts were washed with H2O (2  10 mL) and brine (1  5 mL), 

and dried. Solvent removal in vacuo followed by column chromatography (silica gel, 5-15% EtOAc/hexane) of the residue gave 3a (690 
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mg, 86%). colorless oil; []D
24 +12.6 (c 1.2 in CHCl3); νmax/cm-1 1720, 984; δH (500 MHz, CDCl3) 1.13 (3H, d, J = 6.8 Hz), 1.30-1.38 (2H, 

m), 1.46-1.57 (8H, m), 2.57-2.61 (1H, m) 3.93-4.04 (2H, m), 4.29-4.33 (1H, m), 5.02-5.09 (2H, m), 5.31-5.33 (1H, m), 5.79-5.84 (1H, m), 

7.41-7.56 (3H, m), 8.02-8.04 (2H, m); δC (125 MHz, CDCl3) 15.1, 23.7, 25.0, 35.0, 36.0, 39.6, 65.3, 74.8, 75.8, 109.8, 115.5, 128.3, 129.6, 

132.9, 139.4, 165.8. Anal. Calc. for C20H26O4: C, 72.70; H, 7.93%.  Found: C, 72.52; H, 8.20%.

(2R,3S,4R)-3-Benzoyloxy-4-methyl-5-hexene-1,2-diol 3b. To a stirred and cooled (0 oC) solution of 3a (550 mg, 1.67 mmol) in CH2Cl2 

(10 mL) was added aqueous TFA (8 mL) in portions. After stirring the mixture for 3 h, when the reaction was complete (cf. TLC), 

NaHCO3 was added to decompose excess TFA, followed by H2O (5 mL), and the mixture extracted with CHCl3 (2  10 mL). The 

combined organic extracts were washed with H2O (2  10 mL) and brine (1  5 mL), and dried. Removal of solvent in vacuo followed by 

column chromatography (silica gel, 5% CHCl3/MeOH) of the residue afforded 3b (320 mg, 76%). colorless thick oil; [α]D
24 +4.8 (c 1.0 in 

CHCl3); νmax/cm-1 3412, 1724, 926; H (500 MHz, CDCl3) 1.20 (3H, d, J = 6.5 Hz), 2.67 (2H, br s), 2.84-2.86 (1H, m), 3.59-3.63 (1H, m), 

3.70-3.73 (1H, m), 3.83-3.86 (1H, m), 5.04 (1H, dd, J = 10.5, 1.5 Hz), 5.10-5.15 (2H, m), 5.79-5.87 (1H, m), 7.44-7.47 (2H, m), 7.57-7.61 

(1H, m), 8.01-8.04 (2H, m); C (125 MHz, CDCl3) 13.8, 38.1, 62.4, 70.7, 76.4, 115.4, 128.5, 129.7, 129.8, 133.5, 140.0, 167.3. Anal. Calc. 

for C14H18O4: C, 67.18; H, 7.25%. Found: C, 67.40; H, 7.15%.

(2R,3S,4R)-3-Benzoyloxy-1-tert-butyldiphenylsilyloxy-4-methyl-hex-5-en-2-ol 3c. A cooled (0 oC) solution of 3b (250 mg, 1.0 mmol), 

TBDPSCl (0.26 mL, 1.0 mmol), imidazole (82 mg, 1.2 mmol) and DMAP (10 mol%) in CH2Cl2 (10 mL) was stirred for 4 h. On 

completion (cf. TLC), H2O (10 mL) was added to the mixture, which was extracted with CHCl3 (2  10 mL). The combined organic 

extracts were washed with H2O (2  10 mL) and brine (1  5 mL), dried and concentrated in vacuo. The residue was subjected to column 

chromatography (silica gel, 5-15% EtOAc/hexane) to afford 3c (340 mg, 70%). colorless oil; [α]D
24 +14.8 (c 0.8 in CHCl3); νmax/cm-1 3500, 

1723; H (500 MHz, CDCl3) 0.89 (3H, d, J = 7.0 Hz), 1.01 (9H, s), 2.36-2.42 (2H, m merged with br s),  3.42-3.45 (1H, m), 3.97-3.99 (1H, 

m), 4.38-4.40 (2H, m), 4.84-4.96 (2H, m), 5.41-5.49 (1H, m), 7.28-7.35 (4H, m), 7.55-7.65 (9H, m), 7.73-7.75 (2H, m); C (125 MHz, 
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CDCl3) 17.1, 24.7, 37.5, 63.4, 71.0, 74.4, 113.4, 125.6, 125.8, 125.9, 126.3, 127.8, 127.9, 128.1, 130.9, 132.9, 133.6, 133.9, 134.0, 138.3, 

164.8. Anal. Calc. for C30H36O4Si: C, 73.73; H, 7.43%. Found: C, 73.58; H, 7.59%.

(3R,4S,5R)-(4-Benzoyloxy-3-methyl-5-tert-butyldiphenylsilyloxymethyl) dihydro-2(3H)-furanone 3. Ozone was bubbled for 20 min 

through a solution of 3c (250 mg, 0.51 mmol) and methanolic NaOH (1.0 mL, 2.5 M) in CH2Cl2 (20 mL) at -78 oC. After stirring the 

mixture for 3 h at the same temperature, it was diluted with CHCl3
 (15 mL) and H2O (10 mL), brought to room temperature, the organic 

layer separated and the aqueous layer extracted with CHCl3 (2  10 mL). The combined organic extracts were washed with H2O (2  10 

mL) and brine (1  5 mL), and dried. Removal of solvent in vacuo followed by column chromatography (silica gel, 5-15% CHCl3/MeOH) 

of the residue afforded 3 (170 mg, 68%); colorless oil; []D
24  +21.4 (c 1.1 in CHCl3) (lit.9a [α]D

24 +21.1 (c 0.721 in CHCl3)); νmax/cm-1 1739, 

1692; H (500 MHz, CDCl3) 0.93 (3H, d, J = 6.5 Hz), 1.19 (9H, s), 2.92-2.97 (1H, m), 3.84-3.87 (2H, m), 4.64-4.78 (1H, m), 5.84 (1H, dd, 

J = 12.5, 9.5 Hz), 7.28-7.34 (4H, m), 7.47-7.90 (9H, m), 8.02-8.04 (2H, m); C (125 MHz, CDCl3) 10.2, 19.6, 27.2, 49.7, 70.0, 75.0, 82.2, 

125.6, 125.8, 125.9, 126.3, 127.7, 127.8, 130.9, 132.9, 133.9, 134.0, 165.4, 176.7. Anal. Calc. for C29H32O5Si: C, 71.28; H, 6.60%. Found: 

C, 71.24; 6.84%.
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Fig. 1. 1H NMR spectra of (a) [bmim][Br] and (b) [bmim][Br] + Bi (after 10 min) recorded in D2O.
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Fig. 2. Formation of the Bi-carbene as revealed from the 1H NMR spectrum (recorded in DMSO-d6) of a mixture of Bi and [bmim][Br] after incubating 
for 1 h.
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Fig. 3. Formation of the Bi-carbene as revealed from the 13C NMR spectrum (recorded in DMSO-d6) of a mixture of Bi and [bmim][Br] after incubating  
for 1 h.
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Fig. 4. Formation of the crotyl-Bi species (I) as revealed from the 1H NMR spectrum (recorded in CD2Cl2 at -70 oC) of a mixture of Bi and 
crotyl bromide in [bmim][Br] after stirring for 1.5 h.
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Fig. 5. 1H NMR spectrum (recorded in CDCl3) of the crude reaction mixture obtained from crotylation of 1 in H2O.
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Fig. 6. 1H NMR spectrum (recorded in DMF-d7) of the crude reaction mixture obtained from crotylation of 1 in DMF.
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Fig. 7. 1H NMR spectrum (recorded in CDCl3) of the Et2O extract of the crude reaction mixture obtained from crotylation of 1 in   
[bmim][Br].
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Fig. 8. Representative 1H NMR spectrum (recorded in CDCl3) of the residual [bmim][Br], left after extracting the reaction medium with 
Et2O, showing that no product was left unextracted from the RTIL.
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