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I.  Experimental Procedures 
 
General Methods.    

Anhydrous solvents were dried using a Braun Solvent Purification System and stored 

under nitrogen over 3 Å molecular sieves.  Commercially available aldehydes were 

purified by bulb-to-bulb distillation prior to use.  2-Iodoxybenzoic acid (IBX) and Dess-

Martin periodinane (DMP) were synthesized according to literature.1, 2  Unless otherwise 

noted, all other reagents used were commercially available. 

 

Thin layer chromatography (TLC) was performed on Merck Silica Gel 60 F254 and was 

visualized with UV light and 5 % phosphomolybdic acid (PMA) and/or KMnO4.  Silica 

gel 60 (40-63 �m) used for column chromatography was purchased from Silicycle 

Chemical Division.  NMR spectra were measured in CDCl3 solution at 500 MHz for 1H 

and 125 MHz for 13C.  The residual solvent protons (1H) or the solvent carbons (13C) 

were used as internal standards for chemical shifts.  Relative configurations were 

determined when necessary by NOE experiments.  High-resolution mass spectra (HRMS) 

were obtained on a VG 70E double focusing high resolution spectrometer.  EI ionization 

was accomplished at 7 eV and CI at 50 eV with ammonia as the reagent gas.  IR spectra 

were recorded on a Fourier transform interferometer using a diffuse reflectance cell 

(DRIFT); only diagnostic and/or intense peaks are reported.  Unless otherwise stated, all 

samples were prepared as a film on a KBr pellet for IR analysis.  Optical rotations were 

determined from an average of 5 measurements at ambient temperature using a 1 mL, 1 

dm cell; the units are 10-1deg cm2 g-1, the concentrations are reported in units of g/100 

mL.  The enantiomeric excess was determined, when necessary, using an HP 1200 HPLC 

system.  CHIRALPAK® IC column was purchased from Daicel Chemical Industries, 

Ltd.   

 

                                                
1 IBX Synthesis:  Frigerio, M.; Santagostino; Sputore, S.  J. Org. Chem. 1999, 64, 4537-

4538. 
2 Dess-Martin periodinane synthesis:  Boeckman, R. K.; Shao, P. Jr.; Mullins, J. J.  Org. 

Synth.  2004, 10, 696-708. 
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General Procedures 

Epoxidation-Ring Closing Reactions. 
 
Method A.  A solution of the alcohol in CH2Cl2 (0.2 M) was cooled to 0 °C.  mCPBA (1.2 

equiv.) was added in one portion and the reaction was allowed to warm up to room 

temperature. Upon complete consumption of the alcohol, camphorsulfonic acid (0.25 

equiv.) was added and stirred for an additional 24 hours. The reaction was quenched with 

saturated NaHCO3 (aq) and extracted with CH2Cl2 (3×). The combined organic extracts 

were dried over MgSO4 or Na2SO4, then concentrated under reduced pressure. The 

resulting residue was purified by column chromatography.      

 

Method B.  A solution of the alcohol in CH2Cl2 (0.2 M) was cooled to 0 °C.  mCPBA (1.2 

equiv) was added in one portion and the reaction was allowed to warm up to room 

temperature, then stirred for 48 hours. The reaction was quenched with saturated 

NaHCO3 (aq) and extracted with CH2Cl2 (3×). The combined organic extracts were dried 

over MgSO4 or Na2SO4, then concentrated under reduced pressure. The resulting residue 

was purified by column chromatography. 

 

Oxidation reactions. 
 
IBX oxidation. A suspension of alcohol and IBX (1.4 equiv.) in CH3CN (0.2 M) was 

refluxed until complete consumption of the alcohol. The mixture was cooled to room 

temperature, then filtered through a pad of basic alumina or celite, washing with ethyl 

acetate. The filtrate was collected and concentrated under reduced pressure.   

 

Swern oxidation. A solution of oxalyl chloride (1.1 equiv.) in dry CH2Cl2 (0.2 M) was 

cooled to -78 oC, under inert atmosphere. DMSO (2.2 equiv.) was added to the reaction 

mixture, followed by the alcohol (1 equiv.) and the reaction was stirred for 30 minutes at 

-78 oC. Et3N (5 equiv.) was added dropwise and the reaction was allowed to warm up to 

room temperature. After complete consumption of the alcohol, the reaction was quenched 

with saturated NH4Cl (aq), stirred for 5 minutes and the reaction mixture was extracted 
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with CH2Cl2. The combined organic extracts were dried over MgSO4, then concentrated 

under reduced pressure.    

 

Dess-Martin Periodinane oxidation.  DMP was added to a solution of the appropriate 

alcohol in CH2Cl2 (0.2 M) at 0 °C. The reaction was allowed to warm up to room 

temperature.  Upon consumption of the alcohol, the mixture was diluted with CH2Cl2 and 

washed several times with a 1:1 mixture of saturated NaHCO3 (aq) and saturated 

Na2S2O3 (aq). The resulting organic extract was dried over MgSO4 or Na2SO4, then 

concentrated under reduced pressure. 

 

NHC-catalyzed ring expansion reaction. 
 
To a 0.5 M solution of oxacycloalkane-2-carboxaldehyde (x mmol) in anhydrous CH2Cl2 

was added 1,3-bis-(2,6-diisopropylphenyl)imidazolinium chloride (0.1x mmol), followed 

by DBU (0.08x mmol) under nitrogen at room temperature. The reaction was monitored 

by thin layer chromatography, and quenched using 10 % NH4Cl (aq.). The mixture was 

then extracted using CH2Cl2 (3×).  The combined organic layers were dried over Na2SO4, 

concentrated under reduced pressure, and purified by column chromatography to afford 

the lactone. 
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II. Synthesis and Characterization Data 
 
 

 

 

Tetrahydrofuran-2-carbaldehyde (9). 
Tetrahydrofuran-2-carbaldehyde was prepared from commercially available racemic 

tetrahydrofurfuryl alcohol as reported.3  1H NMR  (500 MHz, CDCl3) δ 9.65 (d, J = 1.4 

Hz, 1H), 4.26 (dd, J = 13.1, 6.6 Hz, 1H), 3.95-3.90 (m, 2H), 2.13-1.87 (m, 4H).  

 

 

 

 

(R)-2-(Benzyloxymethyl)oxirane.  
(R)-2-(Benzyloxymethyl)oxirane was prepared from commercially available (S)-glycidol 

as reported.4  1H NMR  (500 MHz, CDCl3) δ 7.45-7.19 (m, 5H), 4.59 (dd, J = 27.7, 11.9 

Hz, 2H), 3.77 (dd, J = 11.4, 2.8 Hz, 1H), 3.45 (d, J = 11.4, 5.7 Hz, 1H), 3.20-3.18 (m, 

1H), 2.80 (dd, J = 4.8, 4.8 Hz, 1H), 2.62 (dd, J = 2.6, 1.8 Hz, 1H). 

 

 

 

 

 

(R)-1-(Benzyloxy)hex-5-en-2-ol. (29) 

Allylmagnesium bromide (2.44 mL of a 1.0 M solution in Et2O, 2.44 mmol) was added 

dropwise to a solution of (R)-2-(benzyloxymethyl)oxirane (100  mg, 0.61 mmol) and 

                                                
3 Bianchi, P.; Roda, G.; Riva, S.; Danieli, B.; Zabelinskaja-Mackova, A.; Griengl, H. 

Tetrahedron 2001, 57, 2213-2220. 
4 Heathcock, C. H.; Hubbs, J. L. J. Am. Chem. Soc. 2003, 125, 12836- 12843. 

 

O

OH

BnBr,NaH

53%

O

OBn  
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copper (I) iodide (11.6 mg, 0.061 mmol) in THF (6 mL) at 0 ◦C. After 30 min, the 

reaction was quenched with aqueous saturated NH4Cl (5 mL) and extracted with Et2O 

(3×5 mL). The combined organic layers were dried over Na2SO4, concentrated, and 

purified by column chromatography (10 % EtOAc/ Hexanes) to afford the title compound 

(97 mg, 78% yield) as a colorless oil. [α]D –11 (c 1.00, CHCl3); IR  νmax: 3442, 2976, 

2919, 1640, 1496 cm-1 ; 1H NMR  (500 MHz, CDCl3) δ 7.38-7.29 (m, 5H), 5.86-5.80 (m, 

1H), 5.04 (d, J = 17.0 Hz, 1H), 4.98 (d, J = 10.1 Hz, 1H), 4.56 (s, 2H), 3.86-3.81 (m, 1H), 

3.51 (dd, J = 9.4, 3.9 Hz, 1H), 3.35 (dd, J = 7.9, 7.9 Hz, 1H), 2.49 (br s, 1H), 2.25-2.20 

(m, 1H), 2.17-2.11 (m, 1H), 1.62-1.50 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 138.4, 

138.2, 128.6, 127.9, 127.88, 115.0, 74.7, 73.5, 70.0, 32.5, 29.9; HRMS (EI+) m/z calcd 

for C13H18O2 [M] +: 206.1306, found: 206.1305. 

 

 

   

 

 

(5(R)-(Benzyloxymethyl)tetrahydrofuran-2-yl)methanol.  (30) 
Reaction of (R)-1-(benzyloxy)hex-5-en-2-ol (90 mg, 0.44 mmol) with mCPBA (182 mg, 

0.53 mmol) following the general procedure A afforded 76 mg (79% yield) of the title 

alcohol as a colorless oil (1.3:1 mixture of epimers). IR  νmax: 3441, 2867, 1496, 1364 cm-

1 ;  1H NMR  (500 MHz, CDCl3) δ 7.42-7.27 (m, 10H, both epimers), 4.61-4.53 (m, 4H, 

both epimers), 4.22-4.09 (m, 4H, both epimers), 3.77 (dd, J = 11.6, 2.9 Hz, 1H, major 

epimer), 3.69 (dd, J = 11.6, 3.2 Hz, 1H, minor epimer), 3.61 (dd, J = 10.0, 3.6 Hz, 1H, 

major epimer), 3,62-3.49 (m, 1H, minor epimer), 3.50-3.45 (m, 4H), 2.04-1.87 (m, 8H, 

both epimers), 1.79-1.65 (m, 2H, both epimers); 13C NMR (125 MHz, CDCl3) δ: 138.4, 

138.1, 128.5, 128.4, 127.84, 127.81, 127.8, 127.7, 80.2, 79.9, 78.7, 78.4, 73.5, 73.47, 73.0, 

72.6, 65.3, 65.26, 64.6, 29.0, 28.5, 27.6; HRMS (EI+) m/z calcd for C13H18O3 [M] +: 

222.1256, found: 222.1251. 

 

 

OH
OBn

mCPBA O
HO OBn79%

29 30
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(5R)-5-(Benzyloxymethyl)tetrahydrofuran-2-carbaldehyde (10).  
Swern oxidation of (5(R)-(benzyloxymethyl)tetrahydrofuran-2-yl)methanol (76 mg, 0.34 

mmol) following the general procedure afforded 40 mg (81 % yield) of the title aldehyde 

as a colorless oil (1.3:1 mixture of epimers). IR  νmax: 2865, 1731, 1496, 1453, 1365 cm-1; 
1H NMR  (500 MHz, CDCl3) δ 9.684 (s, 1H, major epimer), 9.681 (s, 1H, minor epimer), 

7.36-7.27 (m, 10H, both epimers), 4.59-4.57 (m, 4H, both epimers), 4.36-4.27 (m, 4H, 

both epimers), 3.57-3.51 (m, 4H, both epimers), 2.13-1.72 (m, 8H, both epimers); 13C 

NMR  (125 MHz, CDCl3) δ 203.4, 202.8, 138.2, 128.5, 127.8, 83.6, 83.3, 80.1, 79.9, 73.6, 

72.7, 72.4, 28.0, 27.9, 27.3; HRMS (EI+) m/z calcd for C13H16O3 [M] +: 220.1099, found: 

220.1098. 

 

 

Imidazole, THF, TBS-ClO OH O OTBS

 

tert-Butyldimethylsilyl glycidyl ether. 5   

Imidazole (1.20 g, 17.5 mmol) was added to (±) glycidol (895 mL, 13.5 mmol) in dry 

THF (120 mL) at 0 °C, under nitrogen.  tert-Butyldimethylsilyl chloride in THF (5 mL) 

was slowly added and the reaction mixture was allowed to warm up to room temperature 

and stirred for 24 hours.  The reaction mixture was washed with sat. NaHCO3 (100 mL) 

then brine (100 mL).  The resulting organic extract was dried over MgSO4 then 

concentrated under reduced pressure.  The crude mixture was purified by flash column 

chromatography (40 % EtOAc/Hexanes), to yield a colorless oil (2.25 g, 90 % yield).  1H 

NMR  (500 MHz, CDCl3) δ 3.84 (dd, J = 11.6, 3.2 Hz, 1H), 3.66 (dd, J = 12.6, 3.4 Hz, 

1H), 3.10-3.07 (m, 1H), 2.77 (dd, J = 4.0, 4.0 Hz, 1H), 2.64-2.3 (m, 1H), 0.90 (s, 9H), 

0.08 (s, 3H), 0.07 (s, 3H). 

                                                
5 Ichimaru, N.; Mura, M.; Kakutani, N.; Kako, J.; Ishihara, A.; Nakagawa, Y.; Nishioka, 

T.; Yagi, T.; Miyoshi, H.  Biochemistry  2008, 47, 10816-10826. 
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1-(tert-Butyldimethylsilyloxy)hex-5-en-2-ol.   
Synthesized as described by Wolfe et al.6  IR νmax 3443, 3079, 2955, 2930, 2858 cm-1.  
1H NMR  (500 MHz, CDCl3) δ 5.87-5.81 m, 1H), 5.04 (d, J = 17.1 Hz, 1H), 4.97 (d, J = 

10.2 Hz, 1H), 3.66-3.62 (m, 2H), 3.43 (dd, J = 9.0, 7.5 Hz, 1H), 2.33 (d, J = 3.0 Hz, 1H), 

2.27-2.20 (m, 1H), 2.18-2.10 (m, 1H), 1.59-1.46 (m, 2H), 0.92 (s, 9H), 0.08 (s, 6H).  13C 

NMR  (125 MHz, CDCl3) δ 138.5, 114.9, 71.4, 67.4, 32.2, 30.0, 26.0, 18.4, -5.2. -5.2.  

HRMS (CI+/NH3) m/z calcd. for C12H30NO2Si [M+NH4]
+: 248.2044, found: 248.2046.   

 

 

OH
OTBS

mCPBA, CSA

     CH2Cl2

O

OH

OTBS  

4-(2’-tert-Butyl-dimethylsilyloxymethyl)tetrahydrofurfuryl alcohol.   
Epoxidaton-cyclization of alkenol (487 mg, 2.12 mmol) with mCPBA (876 mg, 2.54 

mmol) was performed as described in method B.  The resulting residue was purified by 

column chromatography (4% MeOH in CH2Cl2, Rf = 0.39) to yield a colorless oil (399 

mg, 76 % yield, 1.5:1 diastereomer  ratio).  IR νmax 3496, 2959, 2927, 2855 cm-1.  1H 

NMR  (500 MHz, CDCl3) δ for major isomer 4.11-4.05 (m, 2H), 3.79-3.74 (m, 2H), 3.60 

(dd, J = 19.7, 3.1 Hz, 1H), 3.50-3.46 (m, 1H), 2.71 (br s, 1H), 1.95-1.87 (m, 4H), 0.90 (s, 

9H), 0.07 (s, 6H); 13C NMR (125 MHz, CDCl3)  δ for major isomer 80.3, 80.1, 65.8, 65.6, 

27.8, 27.7, 26.1, 26.1, 18.7, -5.1, -5.2, -5.3. HRMS (CI+/NH3) m/z calcd. for 

C12H30NO3Si [M+NH4]
+: 247.1733, found: 247.1729. 

 

 

                                                
6 Hay, M.B., Hardin, A.R., and Wolfe, J.P.  J. Org. Chem. 2005, 70, 3099-3107. 
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4-(2’-tert-Butyl-dimethylsilyloxymethyl)tetrahydrofurfuryl aldehyde (11).    
4-(2’-tert-Butyl-dimethylsilyloxymethyl)tetrahydrofurfuryl alcohol (117 mg, 0.475 

mmol) was oxidized using the Dess-Marin periodinane (242 mg, 0.570 mmol) general 

method.  The reaction gave rise to pure aldehyde 11, no purification was required (103 

mg, 89 % yield).  IR νmax 2957, 2857, 1255 cm-1.  1H NMR  (500 MHz, CDCl3) (1.5:1 

mixture of diasteromers) δ 9.66 (dd, J = 1.7,1.7 Hz, 1H, both epimers), 4.35-4.32 (m, 1H, 

one epimer), 4.24 (dddd, 1H, J = 7.8, 7.8, 1.5, 1.5 Hz, one epimer), 4.21-4.17 (m, 1H, 

both epimers), 3.71 (dddd, J = 11.1, 11.1, 4.4, 4.4 Hz, 1H, one epimer) 3.69-3.53 (m, 2H, 

both epimers), 2.21-2.10 (m, 1H, one epimer), 2.11-2.02 (m, 1H, one epimer), 1.98-1.61 

(m, 12H, epimer), 0.89 (s, 9H, both epimers), 0.88 (s, 9H, both epimers), 13C NMR (125 

MHz, CDCl3)  δ 204.0, 203.1, 83.7, 83.6, 81.7, 81.5, 67.7, 65.6, 28.2, 27.6, 27.5, 27.4, 

26.1, 26.1, 18.5, -5.14, -5.17, -5.23. HRMS (CI+/NH3) m/z calcd. for C12H28NO3Si 

[M+NH4]
+: 262.1838, found: 262.1827. 

 

 

 

 

 

 

2-Benzylpent-4-enoic acid. 

2-Benzylpent-4-enoic acid was prepared from commercially available hydrocinnamic 

acid as reported.7  IR  νmax: 2925 (br), 2676, 1706, 1642, 1584, 1496, 1283 cm-1; 1H NMR  

(500 MHz, CDCl3) δ 11.67 (br s, 1H), 7.32-7.20 (m, 5H), 5.81-5.78 (m, 1H), 5.13 (d, J = 

15.1 Hz, 1H), 5.08 (d, J = 15.1 Hz, 1H), 3.02-2.99 (m, 1H), 2.82 (dd, J = 14.3, 6.7 Hz, 

2H), 2.45-2.11 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 181.6, 139.0, 134.9, 129.1, 128.6, 

                                                
7 Serna, S.; Tellitu, I.; Domínguez, E.; Moreno, I.; SanMartin, R. Tetrahedron 2004, 60, 

6533- 6539. 
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126.7, 117.7, 47.2, 37.5, 35.8; HRMS (CI+) m/z calcd for C12H18NO2 [M+NH4]
+: 

208.1337, found: 208.1333. 

 

 

 

 

  

2-Benzylpent-4-en-1-ol. 
Lithium aluminum hydride (0.43 g, 11.3 mmol) was added to a solution of racemic 2-

benzylpent-4-enoic acid (2.50 g, 13.2 mmol) in dry Et2O (45 mL) slowly at 0 oC. The 

reaction was allowed to warm up to ambient temperature. After 1.5 hour, the reaction was 

refluxed at 50 ◦C for another 5 hours. The reaction was cooled to room temperature, and 

was poured into a mixture of 50 mL of 1M NaOH (aq) and ice with vigorous stirring. 

After the formation of a white precipitate, the suspension was filtered, then extracted with 

Et2O (3×50 mL). The combined organic layers were washed using 1M HCl (aq) (3×40 

mL) then brine (1×40 mL), dried over Na2SO4, concentrated, and purified by column 

chromatography (20 % EtOAc/ Hexanes) to afford the title compound (340 mg, 10 % 

yield) as a colorless oil. IR  νmax: 3346, 3026, 2922, 1636, 1603, 1495, 1453 cm-1; 1H 

NMR  (500 MHz, CDCl3) δ 7.30-7.27 (m, 2H), 7.21-7.18 (m, 3H), 5.86-5.80 (m, 1H), 

5.09 (d, J = 16.7 Hz, 1H), 5.06 (d, J = 10.0 Hz, 1H), 3.58-3.52 (m, 2H), 2.67-2.61 (m, 

2H), 2.14 (dd, J = 7.0, 7.0 Hz, 2H), 1.97-1.89(m, 1H), 1.26 (br s, 1H); 13C NMR (125 

MHz, CDCl3) δ 140.6, 136.8, 129.3, 128.4, 126.0, 116.6, 64.5, 42.4, 37.2, 35.4; HRMS 

(CI+) m/z calcd for C12H20NO [M+NH4]
+: 194.1544, found: 194.1553. 
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(4-Benzyltetrahydrofuran-2-yl)methanol.  
Reaction of racemic 2-benzylpent-4-en-1-ol (310 mg, 1.76 mmol) with mCPBA (0.85 g, 

2.46 mmol) following the general procedure B afforded 294 mg (92% yield) of the title 

alcohol as a colorless oil (1.2:1 mixture of epimers). IR  νmax: 3423, 3026, 2924, 1603, 

1496, 1453 cm-1;  1H NMR  (500 MHz, CDCl3) δ (Major epimer) 7.29-7.15 (m, 5H), 

4.16-4.13 (m, 1H), 3.92 (dd, J = 8.4, 5.6 Hz, 1H), 3.60 (d, J = 11.3 Hz, 1H), 3.52 (dd, J 

= 16.1, 8.1 Hz, 2H), 3.03 (br s, 1H), 2.75-2.70 (m, 2H), 2.61-2.49 (m, 1H), 1.83-1.77 (m, 

1H), 1.72-1.67 (m, 1H); (Minor epimer) 7.29-7.15 (m, 5H), 4.04-3.99 (m, 1H), 3.87 (dd, 

J = 7.7, 7.7 Hz, 1H), 3.68 (d, J = 11.4 Hz, 1H), 3.47 (dd, J = 10.2, 4.3 Hz, 2H), 3.09 (br s, 

1H), 2.68-2.64 (m, 2H), 2.60-2.49 (m, 1H), 2.04-1.96 (m, 1H), 1.43-1.37 (m, 1H); 13C 

NMR  (125 MHz, CDCl3) δ 140.6, 140.5, 128.6, 128.5, 128.4, 128.1, 126.11, 126.10, 80.3, 

79.1, 73.2, 72.9, 65.0, 64.7, 41.6, 40.9, 39.1, 39.0, 33.9, 33.3; HRMS (EI+) m/z calcd for 

C12H16O2 [M] +: 192.1150, found: 192.1148. 

 

 

 

 

 

4-Benzyltetrahydrofuran-2-carbaldehyde (12)  
Oxidation of (4-benzyltetrahydrofuran-2-yl)methanol (100 mg, 0.52 mmol) using IBX 

following the general procedure afforded the title aldehyde (82 mg, 84 % yield) as a 

colorless oil (1.2:1 mixture of two epimers). IR  νmax: 3061, 3026, 2924, 2856, 2713, 1732, 

1602, 1496, 1453 cm-1;  1H NMR  (500 MHz, CDCl3) δ (major epimer) 9.65 (s, 1H), 

7.31-7.14 (m, 5H), 4.37 (dd, J = 8.8, 5.2 Hz, 1H), 4.04-3.98 (m, 1H), 3.66-3.61 (m, 1H), 

2.73-2.64 (m, 2H), 2.52-2.48 (m, 1H), 2.15-2.10 (m, 1H), 1.93-1.88 (m, 1H); (minor 

epimer) 9.70 (d, J = 1.6 Hz, 1H), 7.31-7.14 (m, 5H), 4.27 (dd, J = 7.7, 7.7 Hz, 1H), 4.04-

3.98 (m, 1H), 3.66-3.61 (m, 1H), 2.73-2.64 (m, 2H), 2.62-2.58 (m, 1H), 2.29-2.38 (m, 
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O

OH

1) LDA

2)
Br

O

OH

36%

1H), 1.71-1.66 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 202.8, 202.6, 140.2, 140.0, 

128.73, 128.72, 128.71, 128.70, 128.68, 126.4, 83.0, 82.7, 74.3, 74.2, 41.3, 40.6, 38.7, 

38.6, 33.7, 33.4;  HRMS (EI+) m/z calcd for C12H14O2 [M]  +: 190.0994, found: 190.0989. 

 

 

 

 

 

2-Propylpent-4-enoic acid.  

Valeric acid (2.16 mL, 19.9 mmol) was added dropwise to a solution of LDA [prepared 

from nBuLi (42.0 mmol) and (iPr)2NEt (42.0 mmol)] in dry THF (50 mL) at 0 oC. After 

30 min; allylbromide (1.81 mL, 21.0 mmol) was added slowly. The reaction was then 

allowed to warm to ambient temperature. After 30 hours, the reaction was quenched 

using 1M HCl (aq) (20 mL). The mixture was washed using saturated NaHCO3 (aq.) 

(3×30 mL), then brine (1×30 mL). The combined aqueous layers were extracted using 

CH2Cl2 (2×20 mL). The combined organic layers were dried over Na2SO4, concentrated, 

and distilled (150◦C at 50 torr) to afford 1.0 g (36% yield) of 2-propylpent-4-enoic acid as 

a colorless oil. IR  νmax: 3080 (br), 2960, 1707, 1466, 1280 cm-1; 1H NMR  (500 MHz, 

CDCl3) δ 12.12 (br s, 1H), 5.80-5.72 (m, 1H), 5.08 (d, J = 17.0 Hz, 1H), 5.03 (d, J = 10.2 

Hz, 1H), 2.45-2.44 (m, 1H), 2.44-2.36 (m, 1H), 2.26-2.23 (m, 1H), 1.63-1.61 (m, 1H), 

1.48-1.47 (m, 1H), 1.39-1.32 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) δ 182.7, 135.4, 117.1, 45.2, 36.3, 33.9, 20.6, 14.1; HRMS (EI+) m/z calcd for 

C8H14O2 [M]  +: 142.0993, found: 142.0989. 

 

 

 

 

2-Propylpent-4-en-1-ol.   
Lithium aluminum hydride (0.5g, 13.1 mmol) was added slowly to a solution of racemic 

2-propylpent-4-enoic acid (930 mg, 6.55 mmol) in dry Et2O (33 mL) at 0 oC. After 20 

O

OH
LAH

OH
99%
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OH mCPBA O
OH

43%
Pr  

minutes, the reaction was quenched by adding 1M HCl (aq) (100 mL) slowly. The 

combined aqueous layers were extracted using CH2Cl2 (3×50 mL). The combined organic 

layers were dried over Na2SO4, and concentrated to afford the title compound (830 mg, 

99%) as a colorless oil without further purification. IR  νmax: 3334, 2958, 2873, 1640, 

1466, 1043 cm-1; 1H NMR  (500 MHz, CDCl3) δ 5.86-5.78 (m, 1H), 5.06 (d, J = 17.1 Hz, 

1H), 4.99 (d, J = 15.8 Hz, 1H), 3.58-3.52 (m, 2H), 2.12 (dd, J = 6.9, 6.9 Hz, 2H), 1.65-

1.57 (m, 1H), 1.40-1.20 (br m, 1H), 1.37-1.25 (m, 4H), 0.90 (t, J = 6.3 Hz, 3H); 13C 

NMR  (125 MHz, CDCl3) δ 137.3, 116.2, 65.5, 40.3, 35.8, 33.0, 20.2, 14.5. HRMS (CI+) 

m/z calcd for C8H20NO [M+NH4]
+: 146.1545, found: 146.1551. 

 

 

 

 

 

 

(4-Propyltetrahydrofuran-2-yl)methanol . 

Reaction of racemic 2-propylpent-4-en-1-ol (830 mg, 6.48 mmol) with mCPBA (3.14g, 

9.10 mmol) following the general procedure afforded 360 mg (43%) of the title alcohol 

as a colorless oil (1:1 mixture of epimers). IR  νmax: 3428, 2957, 2926, 2872, 1456, 1379, 

1047 cm-1;  1H NMR  (500 MHz, CDCl3) δ 4.03-3.99 (m, 1H, one epimer), 3.98-3.96 (m, 

1H, one epimer), 3.94 (dd, J = 8.3, 7.0 Hz, 1H, one epimer), 3.87 (dd, J = 7.8, 7.8 Hz, 1H, 

one epimer), 3.61(dd, J = 11.7, 3.1 Hz, 1H, one epimer), 3.54 (dd, J = 11.6, 3.5 Hz, 1H, 

one epimer), 3.43 (ddd, J = 17.8, 11.7, 6.1 Hz, 2H, both epimers), 3.31 (ddd, J = 16.7, 8.4, 

8.4 Hz, 2H, both epimers), 2.96 (br s, 2H, both epimers), 2.25-2.10 (m, 2H, both epimers), 

1.98 (ddd, J = 12.3, 6.7, 6.7 Hz, 1H, one epimer), 1.77 (ddd, J = 14.1, 8.3, 5.9 Hz, 1H, 

one epimer), 1.51 (ddd, J = 15.0, 7.6, 7.6 Hz, 1H, one epimer), 1.34- 1.13 (m, 9H, both 

epimers), 0.88-0.83 (m, 6H, both epimers).; 13C NMR (125 MHz, CDCl3) δ 80.4, 79.3, 

73.9, 73.4, 65.3, 64.9, 39.9, 39.2, 35.4, 35.3, 34.3, 33.9, 21.7, 21.6, 14.2, 14.2; HRMS 

(CI+) m/z calcd for C8H20NO2 [M+NH4]
+: 162.1494, found: 162.1489. 
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4-Propyltetrahydrofuran-2-carbaldehyde (13). 
Oxidation of (4-propyltetrahydrofuran-2-yl)methanol (200 mg, 1.39 mmol) using IBX 

following the general procedure afforded the title aldehyde 100 mg (51% yield) as a 

colorless oil (1:1 mixture of epimers). IR  νmax: 2959, 2873, 1734, 1466, 1380 cm-1; 1H 

NMR  (500 MHz, CDCl3) δ 9.64-9.62 (m, 1H, one epimer), 9.62-9.59 (m, 1H, one 

epimer), 4.29-4.24 (m, 1H, one epimer), 4.24-4.18 (m, 1H, one epimer), 3.47-3.41 (m, 2H, 

both epimers), 2.29-2.19 (m, 1H, one epimer), 2.15-2.08 (m, 1H, one epimer), 1.75-1.68 

(m, 1H, one epimer), 1.53-1.46 (m, 1H, one epimer), 1.37-1.19 (m, 4H, both epimers), 

0.89-0.84 (m, 3H, both epimers); 13C NMR (125 MHz, CDCl3) δ 203.2, 202.8, 83.1, 82.9, 

74.78, 74.75 39.5, 38.8, 34.9, 34.7, 34.2, 34.0, 21.7, 21.6, 14.2, 14.2; HRMS (CI+) m/z 

calcd for C8H18NO2 [M+NH4]
+: 160.1324, found: 160.1331. 

 

 

Ph
OH

O

DIBAL-H

 CH2Cl2
Ph

OH

 

(2E)-4-Phenylbut-2-en-1-ol.8   

Diisopropylaluminium hydride (12.0 mL of a 1.0 M solution in hexane, 12.0 mmol) was 

added to a solution of the ethyl 4-phenylbut-2-enoate, prepared as described by Trippier 

et al,9 in dry CH2Cl2 (18 mL) at 0 °C under inert atmosphere.  The mixture was stirred at 

0 °C for 45 min, then warmed up to room temperature for 30 minutes.  The mixture was 

quenched with 2M HCl (aq) (20 mL) at 0 °C and extracted with CH2Cl2 (3×20 mL).  The 

combined organic extracts were dried over Na2SO4, then concentrated under reduced 

pressure to yield the alcohol as a colorless oil (794 mg, 76 % yield), no purification was 

required.  1H NMR  (500 MHz, CDCl3) δ 7.31-7.28 (m, 2H), 7.22-7.18 (m, 3H), 5.88-

                                                
8 Fernandes, R.A. Tetrahedron Asymm.  2008, 19, 15-18. 
9 Bulger, P.G.; Moloney, M.G.; Tippier, P.C.  Org. Biomol. Chem.  2003, 1, 3726-3737. 



S-16 
 

5.84 (m, 1H), 5.74-5.59 (m, 1H), 4.13 (d, J = 5.8 Hz, 2H), 3.39 (d, J = 6.7 Hz, 2H). 

 

 

                         
Ph

OH
Bn

OEt

O

Me(OEt)3, CH3CH2CO2H

 

Ethyl 3-benzylpent-4-enoate.   
A solution of the alcohol (794 mg, 5.36 mmol), triethyl orthoacetate (6.5 mL, 35.4 

mmol), and propanoic acid (240 µL, 3.22 mmol) was stirred in a flask fitted with a Dean-

Stark apparatus and a reflux condenser, at 150 °C for 17 h.  The reaction was allowed to 

cool down to room temperature before diluting with Et2O (10 mL), followed by 1M HCl 

(aq) (10 mL).  The two layers were separated, then the aqueous layer was extracted with 

Et2O (3×10 mL), the combined organic extracts were dried over Na2SO4 then 

concentrated under reduced pressure.  The residue was purified by column 

chromatography (10 % EtOAc/Hexanes, Rf = 0.35) to yield a yellow oil (816 mg, 70 % 

yield).10  1H NMR  (500 MHz, CDCl3) δ 7.31-7.27 (m, 2H), 7.23-7.15 (m, 3H), 5.75 (dt, J 

= 18.1, 8.6 Hz, 1H), 4.98 (dd, J = 16.0 Hz, 12.3, 2H), 4.15-4.06 (dt, J = 14.5, 7.4 Hz, 

2H), 2.90 (dt, J = 15.6, 8.6 Hz, 1H), 2.69 (d, J = 6.9 Hz, 2H), 2.72 (dd, J = 8.2, 5.9 Hz, 

2H), 1.27 (dd, J = 13.9, 7.4 Hz, 3H).  

 

 

Bn

OEt

O Bn

OHLiAlH4, TBME

 

 

3-Benzylpent-4-en-1-ol.   

Lithium aluminum hydride (148 mg, 3.69 mmol) was added in two portions to a stirring 

solution of ethyl 3-benzylpent-4-enoate in tert-butyl methyl ether (5 mL) at 0 °C.  The 

suspension was stirred for 1 h at 0 °C, then poured into ice/water (10 mL).  5M Sulfuric 

acid (aq) was added until the aluminium salts dissolved.  The two phases were separated 

                                                
10 The purity of the desired product was ~75 %, contaminated with the starting 

material.  When the reaction time was increased to 24 h, decomposition was 

observed. 
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and the aqueous layer was extracted with Et2O (2 x 10 mL).  The combined organic 

layers were dried over Na2SO4 then concentrated under reduced pressure.  The residue 

was purified by column chromatography (2:1 Hexanes/EtOAc, Rf = 0.37) to yield a 

colorless oil (353 mg, 54 % yield).  IR νmax 3337, 3064, 3027, 2928, 699 cm-1.   1H NMR  

(500 MHz, CDCl3)  δ 7.32-7.29 (m, 2H), 7.23-7.18 (m, 3H), 5.68 (dddd, J = 17.9, 17.9, 

9.3, 9.3 Hz, 1H), 5.00 (dd, J = 17.7, 11.1 Hz, 2H), 3.71 (dt, J = 10.7, 6.3 Hz, 1H), 3.64 

(dt, J = 14.1, 6.7 Hz, 1H), 2.70 (d, J = 7.0 Hz, 1H), 2.58-2.48 (m, 1H), 1.74 (dddd, J = 

11.8, 11.8, 7.0, 7.0 Hz, 1H), 1.59-1.54 (m, 1H), 1.48 (s, 1H), 13C NMR (125 MHz, 

CDCl3) δ 142.1, 140.3, 129.5, 128.3, 126.1, 115.4, 61.3, 42.9, 42.2, 37.0.  HRMS (EI+) 

m/z calcd for C12H18O [M]+:  176.1201, found: 176.1208.   

 

 

Bn

OH mCPBA, CSA

    CH2Cl2

O
OH

Bn  

2-Benzyl tetrahydrofurfuryl alcohol.   
2-Benzyl tetrahydrofurfuryl alcohol was prepared by reacting 3-(benzyl)hex-4-en-1-ol 

(311 mg, 1.78 mmol) with mCPBA (731 mg, 2.12 mmol), following the procedures 

outlined in method A.  The residue was purified by column chromatography (2:1 

EtOAc/Hex, Rf=0.31) to yield a colorless oil (130 mg, 38 % yield).  IR νmax 3425, 3026, 

2936 cm -1.  1H NMR  (500 MHz, CDCl3) (1.5:1 diastereomer ratio) δ 7.32-7.28 (m, 2H, 

two epimers), 7.22-7.17 (m, 3H, two epimers), 4.01 (ddd, J = 6.8, 6.8, 3.9 Hz, 1H, major 

epimer), 3.96 (ddd, J = 8.3, 8.3, 3.6, Hz, 1H, major epimer), 3.84 (ddd, J = 14.9, 14.9, 7.5 

Hz, 1H, minor epimer), 3.77 (ddd, J = 7.5, 7.5, 7.5 Hz, 1H, minor epimer), 3.70 (ddd, J = 

8.6, 8.6, 7.1 Hz, 1H, major epimer), 3.64 (ddd, J = 6.4, 6.4, 3.0 Hz, 1H, minor epimers), 

3.63-3.58 (m, 2H, two epimers), 3.49 (dd, J = 11.8, 3.0 Hz, 1H, minor epimer), 3.34 (dd, 

J = 11.8, 5.8, 1H, major epimer), 2.78 (dd, J = 12.6, 4.3 Hz, 1H, major epimer), 2.70 (dd, 

J = 13.5, 6.8 Hz, 1H, minor epimer), 2.62 (dd, J = 13.5, 8.1 Hz, 1H, minor epimer), 2.59-

2.54 (m, 2H, two epimers), 2.24 (ddd, J = 15.6, 15.6, 7.9 Hz, 1H, minor disastereomer), 

1.96 (dddd, J = 15.0, 15.0, 7.3, 7.3 Hz, 1H, minor epimer), 1.88-1.82 (m, 1H, major 

epimer), 1.70-1.61 (m, 2H, two epimers), 13C NMR (125 MHz, CDCl3) δ 140.8, 140.3, 
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128.9, 128.7, 128.6, 128.4, 128.3, 84.7, 90.0, 67.6, 67.3, 64.0, 62.6, 62.6, 42.6, 41.9, 39.3, 

34.9, 33.0, 31.9.  HRMS (EI+) m/z calcd for C12H16O2 [M] +:  192.1150, found: 192.1131. 

         

 

O
OH

Bn

    Dess-Martin Periodinane

              CH2Cl2

O
O

Bn14

H

 

2-Benzyl tetrahydrofurfuryl aldehyde (14).   
Dess-Martin periodinane (122 mg, 0.288 mmol) was added to a solution of 

oxacycloalkane alcohol (46 mg, 0.240 mmol) in CH2Cl2 (1 mL) at 0 °C.  The reaction 

was stirred at room temperature for 2 h.  The resulting reaction mixture was diluted with 

CH2Cl2 (10 mL), and then washed with (1:1, v/v, 3×20 mL) sat. NaHCO3 (aq) and sat. 

Na2S2O3(aq).  The resulting organic layer was dried over Na2SO4, and then concentrated 

under reduced pressure to yield a colorless oil.  The reaction gave rise to pure aldehyde 

14, no purification was required (27 mg, 59 % yield).  IR νmax 3027, 2940, 1730, 1496, 

1454 cm-1.  1H NMR  (500 MHz, CDCl3) (1.5:1 mixture of diastereomers) δ 9.79 (d, J = 

2.0 Hz, 1H, one epimer), 9.57 (d, J  = 1.5 Hz, 1H, one epimer), 7.34-7.31 (m, 4H, both 

epimers), 7.24-7.20 (m, 6H, both epimers), 4.35 (dd, J = 7.6, 1.8 Hz, 1H, one epimer), 

4.23-4.22 (m, 1H, one epimer), 4.09-4.05 (m, 1H, one epimer), 4.00-3.99 (m, 1H, one 

epimer), 3.96-3.90 (m, 2H, both epimers), 2.97-2.86 (m, 3H, both epimers), 2.73 (dd, J = 

13.5, 8.5 Hz, 1H, one epimer), 2.63-2.56 (dddd, J = 14.0, 14.0, 7.0, 7.0 Hz, 1H, one 

epimer), 2.51-2.46 (m, 1H, one epimer), 2.06-1.98 (m, 2H, one epimer), 1.80-1.71 (m,  

2H, one epimer),   13C NMR (125 MHz, CDCl3) δ 203.2, 202.2, 139.9, 139.5, 129.0, 

128.7, 128.7, 126.6, 126.6, 87.1, 85.1, 69.0, 68.6, 53.6, 44.8, 43.3, 38.7, 35.3, 31.9, 31.6. 

HRMS (CI+) m/z calcd for C12H18NO2 [M+NH4]
+: 208.1338, found: 208.1332. 
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OH

O

MgBr, THF, CuI

 

trans-2-Allylcyclohexanol. 
Allylmagnesium bromide (7.2 mL of a 1.0 M solution in Et2O, 7.2 mmol) was added 

dropwise to a solution of cyclohexene oxide (0.61 mL, 6.0 mmol) and copper (I) iodide 

(171.5 mg, 0.9 mmol) in THF (10 mL) at -20 ◦C. The reaction was allowed to warm up to 

ambient temperature. After 17 hours, the reaction was quenched with aqueous saturated 

NH4Cl (20 mL) and extracted with Et2O (3×20 mL). The combined organic layers were 

dried over Na2SO4, concentrated, and purified by column chromatography (20% EtOAc/ 

Hexanes) to afford the title alcohol (635 mg, 76 % yield) as a colorless oil. IR  νmax: 3343, 

3075, 2927, 2856, 1640, 1448 cm-1; 1H NMR  (500 MHz, CDCl3) δ 5.85-5.78 (m, 1H), 

5.04 (dd, J = 17.1, 1.6 Hz, 1H), 4.99 (dd, J = 10.1, 0.9 Hz, 1H), 3.26-3.19 (m, 1H), 2.46-

2.41 (m, 1H), 1.96-1.92 (m, 2H), 1.84 (br s, 1H), 1.76- 1.20 (m, 7H), 0.94-0.83 (m, 1H); 
13C NMR (125 MHz, CDCl3) δ 137.7, 116.1, 74.7, 45.1, 37.6, 35.8, 30.5, 25.7, 25.1; 

HRMS (CI+) m/z calcd for C9H20NO [M+NH4]
+: 158.1545, found: 158.2168. 

 

 

 

 

 

(Octahydrobenzofuran-2-yl)methanol.   
Reaction of trans-2-allylcyclohexanol (495 mg, 3.5 mmol) with mCPBA (1.47g, 4.25 

mmol) following the general procedure afforded 375 mg (69%) of the title alcohol as a 

colorless oil (2:1 mixture of epimers). IR  νmax: 3421, 2932, 2857, 1652 cm-1; 1H NMR  

(500 MHz, CDCl3) δ (major epimer) 4.09-4.02 (m, 1H), 3.65-3.53 (m, 1H), 3.51-3.41 (m, 

1H), 3.11-2.99 (m, 1H), 2.69 (br s, 1H), 2.11-2.10 (m, 1H), 1.88-1.84 (m, 1H), 1.81-1.73 

(m, 2H), 1.69-63 (m, 1H), 1.60-1.52 (m, 1H), 1.33- 0.97 (m, 5H); (minor epimer) 4.15-

4.09 (m, 1H), 3.65-3.53 (m, 1H), 3.51-3.41 (m, 1H), 3.11-2.99 (m, 1H), 2.82 (br s, 1H), 

2.11-2.10 (m, 1H), 2.00- 1.92 (m, 1H), 1.88-1.84 (m, 1H), 1.81-1.73 (m, 2H), 1.69-63 (m, 

1H), 1.33- 0.97 (m, 5H); 13C NMR (125 MHz, CDCl3) δ: 84.2, 82.7, 79.2, 78.0, 66.0, 

OH

mCPBA

69% O

OH
H

H  
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65.7, 46.0, 45.2, 33.3, 33.2, 31.47, 31.42, 29.3, 29.1, 25.9, 25.8, 24.45, 24.42; HRMS 

(CI+) m/z calcd for C9H20NO2 [M+NH4]
+: 174.1494, found: 174.1434. 

 

 

 

 

 

Octahydrobenzofuran-2-carbaldehyde (15).  
Oxidation of racemic (octahydrobenzofuran-2-yl)methanol (50.3 mg, 0.320 mmol) using 

Dess-Martin periodinane following the general procedure afforded 22 mg (50 % yield) of 

the title aldehyde as a colorless oil (2: 1 mixture of epimers). IR  νmax: 2934, 2858, 1731 

cm-1; 1H NMR  (500 MHz, CDCl3) δ (major epimer) 9.72 (s, 1H), 4.32 (d, J = 10.7 Hz, 

1H), 3.21 (ddd, J = 10.5, 10.5, 3.7 Hz, 1H), 2.23-2.17 (m, 2H), 2.00- 1.72 (m, 4H), 1.53- 

1.05 (m, 5H); (minor epimer) 9.68 (s, 1H), 4.36 (d, J = 8.2 Hz, 1H), 3.16 (ddd, J = 10.4, 

10.4, 3.8 Hz, 1H), 2.34-2.27 (m, 2H), 2.00- 1.72 (m, 4H), 1.53- 1.05 (m, 5H); 13C NMR 

(125 MHz, CDCl3) δ 203.4, 203.0, 85.0, 84.8, 81.8, 81.6, 45.4, 44.8, 34.0, 33.09, 33.07, 

31.4, 31.2, 29.0, 28.96, 25.7, 24.3, 24.28; HRMS (CI+) m/z calcd for C9H18NO2 

[M+NH4]
+: 172.1337, found: 172.1583. 

 

O

O

H

H
OH

O

OH

mCPBA, CH2Cl2
+

O

O

H

H
OH

 

(±)-Hexahydro-2H-furo[3,2-b]pyran-2-yl)methanol.   
To a solution of 2-allyl-3-hydroxytetrahydropyran (582 mg, 4.10 mmol), (prepared as 

described by Rousseau et al.),11 in CH2Cl2 (21 mL) was added mCPBA (1.70g, 4.92 

mmol) at 0 °C.  The reaction was warmed up to room temperature and stirred for 12 h.  

The reaction mixture was concentrated under reduced pressure. CHCl3 (20 mL) was 

added and mixed well, before cooling in an ice-water bath.  The precipitate (m-chloro-

benzoic acid) was filtered off by vacuum filtration.  The mother filtrate was transferred to 

                                                
11 Simart, F.; Brunel, Y.; Robin, S.; Rousseau, G. Tetrahedron 1998, 54, 13557-13566. 
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a separatory funnel and extracted with a sat. NaHCO3 (aq) (20 mL), the aqueous layer 

was saturated with solid NaCl and back-extracted with CHCl3 (3×20 mL).  The combined 

organic extracts were dried over Na2SO4, then concentrated under reduced pressure.  The 

residue was purified by column chromatography (4 % MeOH in CH2Cl2, Rf(cis-syn 

isomer) = 0.22, Rf(cis-anti isomer) = 0.16) to yield both isomers as colorless oils (cis-syn 

isomer – 40 % yield, cis-anti isomer 21 % yield).  The relative configurations of the two 

isomers were determined by NOE experiments. 

O

O

H

H

OHH

     
O

O

H

H

H

OH

 

                            cis-syn isomer          cis-anti isomer 

Figure 1.  NOE Experiment Results. 

O

O

H

H
OH

cis-syn isomer:  IR νmax  3425, 3026, 2936 cm-1.  1H NMR  (500 MHz, 

CDCl3) δ 4.19-4.17 (m, 1H), 3.87 (s, 2H), 3.74-3.70 (m, 2H), 3.55 (d, J = 11.1 Hz, 1H), 

3.37-3.32 (dd, J = 11.7, 11.7 Hz, 1H), 3.08 (br s, 1H), 2.19-2.17 (m, 1H), 2.10-2.07 (m, 

1H), 1.89-1.82 (m, 2H), 1.69-1.67 (m, 1H), 1.32-1.29 (m, 1H).  13C NMR (125 MHz, 

CDCl3) δ 78.2, 76.4, 76.3, 66.8, 65.2, 35.6, 25.2, 20.2.  HRMS (CI+/NH3) m/z calcd. for 

C8H14O3 [M+NH4]
+: 176.1285, found: 176.1287.   

 

O

O

H

H
OH

cis-anti isomer:  IR νmax  3439, 2926, 2874 cm-1.  1H NMR  (500 MHz, 

CDCl3) δ 4.38 (d, J = 5.4 Hz, 1H), 3.96 (s, 1H), 3.86-3.84 (m, 2H), 3.70 (d, J = 11.5 Hz, 

1H), 3.47 (dd, J = 11.3, 5.3 Hz, 1H), 3.35-3.30 (dd, J = 11.9, 5.3 Hz, 1H), 2.41 (s, 1H), 

2.05 (d, J = 14.3 Hz, 1H), 1.96-1.92 (dd, J = 13.2, 6.4 Hz, 1H), 1.86-1.78 (m, 2H), 1.69-

1.64 (dd, J = 14.2 Hz, 1H), 1.32 (d, 1H, J = 11.9 Hz). 13C NMR (125 MHz, CDCl3) δ 

79.1, 77.3, 75.8, 66.5, 65.1, 35.8, 25.7, 20.3. HRMS (CI+/NH3) m/z calcd. for C8H14O3 

[M+NH4]
+: 176.1283, found: 176.1287.   
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    Dess-Martin Periodinane

              CH2Cl2
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16  

(±)-Hexahydro-2H-furo[3,2-b]pyran-2-carbaldehyde (16).  

Dess-Martin periodinane (209 mg, 0.729 mmol) was added to a solution of alcohol (96 

mg, 0.608 mmol) in CH2Cl2 (3 mL) at 0 °C.  The reaction was stirred at room 

temperature for 3 h.  The resulting reaction mixture was filtered through a fritted funnel 

then washed with diethyl ether.  The resulting mother filtrate was concentrated under 

reduced pressure.  Diethyl ether was added and the solution was swirled and placed in an 

ice-bath, the precipitate (Dess-Martin periodinane byproducts) were filtered off through a 

cotton pipette and washed with cold diethyl ether.  The resulting solution was then 

concentrated under reduced pressure.  The residue was dissolved in CH2Cl2 (5 mL) and 

quickly filtered through a pad of silica, and then concentrated under reduced pressure to 

yield a colorless oil (32 mg, 31 % yield).12  The reaction gave rise to 90 % pure aldehyde 

16.13  IR νmax 2954, 2916, 2848 cm-1.  1H NMR  (500 MHz, CDCl3) δ  9.77 (s, 1H), 4.27 

(d, J = 10.2 Hz, 1H), 3.99-3.87 (m, 3H), 3.35 (dd, J = 12.2, 12.2 Hz, 1H), 2.30 (dddd, J = 

10.2, 10.1, 3.6, 3.5 Hz, 1H), 2.20 (d, J = 13.7 Hz, 2H), 1.96-1.89 (m, 1H), 1.79-1.72 (m, 

1H), 1.38 (d, J = 13.5 Hz, 1H).  13C NMR (125 MHz, CDCl3)  δ 205.2, 81.5, 77.8, 75.0, 

66.6, 39.0, 25.5, 20.1. HRMS (CI+/NH3) m/z calcd. for C8H16O3 [M+NH4]
+: 174.1130, 

found: 174.1126. 

 

 

 

 

                                                
12 Aldehyde 16 is water soluble, therefore, the general workup method (washing 

with saturated aqueous solutions of Na2S2O3 and NaHCO3) had to be avoided. In 

addition, 16 appears to be unstable to silica gel column chromatography; therefore, 

filtration through a small pad of silica needs to be done quickly to avoid 

decomposition.   
13 Purity of aldehyde was determined by 1H NMR. 
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Quartz test tube
UV 300 nm

Benzene (0.1M)

61%
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(3,3,4-trimethyl-4-phenyloxetan-2-yl)methanol.  
(3,3,4-trimethyl-4-phenyloxetan-2-yl)methanol was prepared from commercially 

available acetophenone and 3-methyl-2-buten-1-ol as reported.14  1H NMR  (500 MHz, 

CDCl3) δ 7.34-7.31 (m, 2H), 7.26-7.21 (m, 3H), 4.56 (dd, J = 6.6, 4.8 Hz, 1H), 3.81 (dd, 

J = 11.7, 7.2 Hz, 1H), 3.69-3.66 (dd, J = 11.7, 4.4 Hz, 1H), 1.82 (s, 3H), 1.31 (s, 3H), 

0.72 (s, 3H). 

 

O
HO

IBX, reflux

     70 %

17

Ph

O
H

Ph

O

 

3,3,4-Trimethyl-4-phenyloxetane-2-carbaldehyde (17).  
Oxidation of the alcohol (150 mg, 0.73 mmol) using IBX following the general procedure 

afforded the title aldehyde (101 mg, 70 % yield) as a colorless oil. IR  νmax: 2937, 1727, 

1467, 1255 cm-1; 1H NMR  (500 MHz, CDCl3) δ 9.86 (d, J = 1.5 Hz, 1H), 7.37-7.25 (m, 

5H), 4.73 (d, J = 1.6 Hz, 1H), 1.76 (s, 3H), 1.41 (s, 3H), 0.71 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 203.5, 144.5, 128.2, 127.0, 124.3, 90.6, 87.4, 47.5, 25.7, 23.5, 22.0; 

HRMS (CI+) m/z calcd for C13H20NO2 [M+NH4
+]  +: 222.1494, found:  222.1488. 

 

 

 

 

Tetrahydro-2H-pyran-2-carbaldehyde (18).  
Swern oxidation of racemic tetrahydropyran-2-methanol (1.70 mL, 15 mmol) following 

the general procedure afforded 1.32 g (77 % yield) of the title aldehyde as a colorless oil 

                                                
14 Stegmann, V. R.; Adam, W. Synthesis, 2001, 1203-1214. 
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as reported.3  1H NMR  (500 MHz, CDCl3) δ 9.61 (s, 1H), 4.08-4.05 (m, 1H), 3.82 (dd, J 

= 11.2, 2.8 Hz, 1H), 3.54 (ddd, J = 11.2, 11.2, 3.0 Hz, 1H), 1.94-1.83 (m, 2H), 1.68-1.41 

(m, 4H).         

 

 

 

Tetrahydro-2H-pyran-2-one (19).  
Lactone 19 was synthesized by reacting aldehyde 9 (60 mg, 0.6 mmol) with 10 mol % 

catalyst loading of 6 (25.6 mg, 0.06 mmol) and DBU (7.2 µL, 0.048 mmol).  The reaction 

was performed by following the general procedure.  The crude was purified by column 

chromatography (50 % EtOAc/Hexane) to yield a colorless oil (47 mg, 78 % yield). 1H 

NMR  (500 MHz, CDCl3) δ 4.31 (t, J = 5.8 Hz, 2H), 2.53(t, J = 6.9 Hz, 2H), 1.91-1.83 

(m, 4H). 

 

 

 

 

(R)-6-(Benzyloxymethyl)tetrahydro-2H-pyran-2-one (20).  
Lactone 20 was synthesized by reacting aldehyde 10 (60 mg, 0.254 mmol) with 10 mol % 

catalyst loading of 6 (11 mg, 0.025 mmol) and DBU (3 µL, 0.021 mmol).  The reaction 

was performed by following the general procedure. The crude was purified by column 

chromatography (30 % EtOAc/Hexane) to yield a colorless oil (59 mg, 98 % yield). [α]D 

–16 (c 1.00, CHCl3); IR  νmax: 3062, 3030, 2866, 1727, 1496, 1241 cm-1;  1H NMR  (500 

MHz, CDCl3) δ 7.59-7.18 (m, 5H), 4.58 (s, 2H), 4.48 (dd, J = 10.2, 3.8 Hz, 1H), 3.65-

3.58 (m, 2H), 2.58 (ddd, J = 17.7, 6.0, 6.0 Hz, 1H), 2.47 (ddd, J = 17.6, 8.8, 6.8 Hz, 1H), 

1.97-1.25 (m, 4H);  13C NMR (125 MHz, CDCl3) δ 171.2, 137.9, 128.5, 127.8, 127.7, 

79.2, 73.6, 72.0, 29.7, 24.6, 18.3; HRMS (EI+) m/z calcd for C13H17O3 [M+1]+: 221.1178, 

found: 221.1189. HPLC (CHIRALPAK® IC column 30 % iPrOH/Hexanes at 0.1 

mL/min., UV detection at 254 nm, major peak at 29.5 min., minor peak at 27.4 min., 

>99% ee). 

O O  

O O
BnO
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Tetrahydro-6-O-(tert-butyldimethylsilymethyl)-2H-pyran-2-one (21).   
Lactone 21 was synthesized by reacting aldehyde 11 (62 mg, 0.254 mmol) with 30 mol % 

catalyst loading of 6 (33 mg, 0.0762 mmol) and DBU (9 µL, 0.609 mmol).  The reaction 

was performed by following the general procedure.  The crude was purified by column 

chromatography (20 % EtOAc/Hexane, Rf = 0.31) to yield a colorless oil (18 mg, 29 % 

yield).15  IR νmax 2955, 2930, 2857, 1742 cm-1.  1H NMR  (500 MHz, CDCl3)  δ 4.36-4.31 

(dddd, J = 9.2, 9.2, 3.9, 3.9 Hz, 1H), 3.76 (ddd, , J = 14.8, 10.8, 4.1 Hz, 1H) 3.70 (ddd, J 

= 16.2, 10.7, 5.4 Hz, 1H), 2.60-2.57 (ddd, J = 12.5, 12.5, 6.1 Hz, 1H), 2.47-2.42 (m, 1H), 

1.97-1.92 (m, 1H), 1.73-1.69 (m, 1H), 0.88 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H), 13C NMR 

(125 MHz, CDCl3) δ 171.5, 80.5, 65.3, 30.1, 26.0, 24.6, 18.5, -5.2, -5.3, -5.4. HRMS 

(CI+/NH3) m/z calcd for C12H28NO3Si [M+NH4]
 +: 262.1838, found:  262.1833. 

 

 

 

 

5-Benzyltetrahydro-2H-pyran-2-one (22).  
Lactone 22 was synthesized by reacting aldehyde 12 (60 mg, 0.316 mmol) with 10 mol % 

catalyst loading of 6 (13.5 mg, 0.0316 mmol) and DBU (3.8 µL, 0.0253 mmol).  The 

reaction was performed by following the general procedure. The crude was purified by 

column chromatography (30 % EtOAc/Hexane) to yield a colorless oil (54 mg, 90 % 

yield). IR  νmax: 2924, 1736, 1496, 1454, 1183 cm-1;  1H NMR  (500 MHz, CDCl3) δ 7.32-

7.14 (m, 5H), 4.29 (dd, J = 10.7, 3.4 Hz, 1H), 4.01 (dd, J = 10.5, 10.5 Hz, 1H), 2.66-2.58 

(m, 3H), 1.58-2.50 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 171.4, 138.6, 129.0, 128.8, 

126.8, 73.2, 38.0, 34.8, 29.1, 25.4; HRMS (EI+) m/z calcd for C12H14O2 [M]  +: 190.0994, 

found: 190.0993. 

                                                
15 The carbene catalyzed reaction gave rise to > 95 % conversion, the crude only 

contained the carbene and the product.  However, due to the instability of 22 on 

silica, only 29 % of the lactone was isolated pure.   
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5-Propyltetrahydro-2H-pyran-2-one (23).  
Lactone 23 was synthesized by reacting aldehyde 13 (50 mg, 0.35 mmol) with 10 mol % 

catalyst loading of 6 (15 mg, 0.035 mmol) and DBU (4.2 µL, 0.028 mmol).  The reaction 

was performed by following the general procedure. The crude was purified by column 

chromatography (20 % EtOAc/Hexane) to yield a colorless oil (47 mg, 94 % yield). IR  

νmax: 2958, 2873, 1738, 1459, 1338, 1182, 1055 cm-1;  1H NMR  (500 MHz, CDCl3) δ 

4.32 (dd, J = 11.1, 4.5 Hz, 1H), 3.94 (dd, J = 9.8, 9.8 Hz, 1H), 2.60-2.49 (m, 2H), 2.08-

1.85 (m, 2H), 1.58-1.51 (m, 1H), 1.41-1.23 (m, 4H), 0.93 (t, J = 6.9 Hz, 3H);  13C NMR 

(125 MHz, CDCl3) δ 171.7, 73.8, 33.8, 32.6, 29.2, 25.6, 20.0, 14.2;  HRMS (EI+) m/z 

calcd for C8H14O2 [M] +: 142.0994, found: 142.0994. 
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Tetrahydro-4-(phenylmethyl)-2H-pyran-2-one (24).    
Lactone 24 was synthesized by following the general procedure, from aldehyde 14 (27 

mg, 0.142 mmol), 20 mol % catalyst loading of 6 (12 mg, 0.0284 mmol) and DBU (4 µL, 

0.0228 mmol). The crude mixture was dissolved in CH2Cl2 and then quickly passed 

through a pad of silica to yield a colorless oil (26.5 mg, 98 % yield). IR νmax 2917, 1736, 

1251, 1219, 1082 cm-1.  1H NMR  (500 MHz, CDCl3) δ 7.33-7.15 (m, 5H), 4.43-4.39 (m, 

1H), 4.25-4.22 (m, 1H), 2.67-2.64 (m, 3H), 1.93-1.89 (m, 2H), 1.93-1.89 (m, 1H), 1.65-

1.54 (m, 1H), 1.34-1.26 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 171.1, 138.6, 129.2, 

129.1, 126.8, 68.7, 42.5, 36.5, 33.7, 28.7. HRMS (EI+) m/z calcd for C12H14O2 [M] +: 

190.0994, found: 190.0995. 

 

 



S-27 
 

 
 
 
 

 

Octahydro-2H-chromen-2-one (25).16 
Lactone 25 was synthesized by reacting aldehyde 15 (40 mg, 0.26 mmol) with 10 mol % 

catalyst loading of 6 (11.1 mg, 0.026 mmol) and DBU (3.1 µL, 0.021 mmol).  The 

reaction was performed by following the general procedure. The crude was purified by 

column chromatography (30 % EtOAc/Hexane) to yield a colorless oil (35 mg, 88 % 

yield). 1H NMR  (500 MHz, CDCl3) δ 3.87 (ddd, J = 10.8, 10.8, 4.2 Hz, 1H), 2.71-2.64 

(m, 1H), 2.58-2.50 (m, 1H), 2.12-2.09 (m, 1H), 1.89-1.83 (m, 3H), 1.75-1.68 (m, 1H), 

1.64-1.58 (m, 1H), 1.56-1.37 (m, 2H), 1.34-1.21 (m, 2H), 1.10-1.15 (m, 1H). 
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(±)-Hexahydropyrano[3,2-b]pyran-2(3H)-one (26).    
Lactone 26 was synthesized by following the general procedure from aldehyde 16 (29 

mg, 0.186 mmol), 30 mol % catalyst 6, and DBU (2 µL, 0.0149 mmol) was used.  An 

aqueous workup was avoided, due to concerns of water solubility, therefore, the reaction 

was quickly filtered through a small pad of silica and concentrated under reduced 

pressure.  The reaction was purified by column chromatography (100 % EtOAc, Rf = 

0.38) to yield a colorless oil (18 mg, 62 % yield).17   IR νmax 2950, 1724 cm-1.  1H NMR  

(500 MHz, CDCl3) δ 4.32 (s, 1H), 4.00-3.96 (m, 1H), 3.65 (s, 1H), 3.52 (dd, J = 12.2 

12.2 Hz, 1H), 2.71-2.63 (m, 1H), 2.48-2.42 (m, 1H), 2.13 (d, J = 14.1 Hz, 1H), 2.05-1.90 

(m, 3H), 1.77-1.71 (m, 1H), 1.40 (d, J = 13.7 Hz, 1H).13C NMR (125 MHz, CDCl3) δ 

171.3, 75.5, 69.4, 67.7, 28.3, 25.7, 25.2, 19.5.  HRMS (EI+) m/z calcd. for C8H12O3 [M] +: 

156.0785, found: 156.0786.   
                                                
16 Griffiths, D. V.; Wilcox, G.  J. Chem. Soc Perkin Trans. II 1988, 431-436. 
17 The yield was determined based on the NMR purity of the starting material. 
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4,4,5-Trimethyl-5-phenyldihydrofuran-2(3H)-one (27).  
Lactone 27 was synthesized by reacting aldehyde 17 (50 mg, 0.25 mmol) with 10 mol % 

catalyst loading of 6 (10.7 mg, 0.025 mmol) and DBU (2.98 µL, 0.02 mmol).  The 

reaction was performed by following the general procedure. The crude was purified by 

column chromatography (30 % EtOAc/Hexane) to yield a colorless oil (43 mg, 86 % 

yield).  IR νmax: 2975, 1772, 1446, 1242, 1056 cm-1;  1H NMR  (500 MHz, CDCl3) δ 

7.38-7.26 (m, 5H), 2.66 (d, J = 17.1 Hz, 1H), 2.20 (d, J = 17.8 Hz, 1H), 1.81 (s, 3H), 

1.30 (s, 3H), 0.69 (s, 3H);  13C NMR (125 MHz, CDCl3) δ 175.6, 141.4, 128.4, 127.6, 

124.7, 91.4, 44.4, 42.8, 26.0, 24.3, 23.1; HRMS (EI+) m/z calcd for C13H16O2 [M]  +: 

204.1150, found: 204.1147. 

 

 

 

 

 

 

Oxepan-2-one (28). 18 

Lactone 28 was synthesized by reacting aldehyde 18 (60 mg, 0.53 mmol) with 10 mol % 

catalyst loading of 6 (22.6 mg, 0.053 mmol) and DBU (6.3 µL, 0.042 mmol).  The 

reaction was performed under reflux for 10 days. The crude was purified by column 

chromatography (30 % EtOAc/Hexane) to yield a colorless oil (29 mg, 48 % yield). 1H 

NMR  (500 MHz, CDCl3) δ 4.23 (t, J = 4.6 Hz, 2H), 2.63 (t, J = 6.5 Hz, 2H), 1.64-1.59 

(m, 6H). 

 

 

                                                
18 Brodsky, B. H.; Bois, J. D.  J. Am. Chem. Soc. 2005, 127, 94305-95080. 
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III. 1H NMR and 13C NMR Spectra 
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IV. HPLC Chromatograms 
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Enantiomerically Enriched 
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