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SUPPORTING INFORMATION:  
 
Contents: (1) Experimental procedures and characterization data for compounds 1-10. 
  (2) Spectra data for compounds 1-10. 
 
General Procedure. All solvents were reagent grade. L-proline (99+%) was purchased from 
Bachem. Other chemicals were purchased from Aldrich or Acros Chemical Co. Reactions were 
normally carried out under argon atmosphere in glassware. Merck silica gel 60 (particle size 
0.04-0.063 mm) was employed for flash chromatography. Melting points are uncorrected. 1H 
NMR spectra were obtained in CDCl3 unless otherwise noted at 400 MHz (Bruker DPX-400) 
or 500 MHz (Varian-Unity INOVA-500). 13C NMR spectra were obtained at 100 MHz or 125 
MHz. E.e. values were measured by HPLC on a chiral column (chiralpak IA, chiralpak IB, 
chiralpak IC or chiralcel OD-H, 0.46 cm ID x 25 cm, particle size 5 µ) by elution with 
IPA-hexane. The flow rate of the indicated elution solvent is maintained at 1 mL/min, and the 
retention time of a compound is recorded accordingly. HPLC was equipped with the ultraviolet 
and refractive index detectors. The melting point was recorded on a melting point apparatus 
(MPA100 – Automated melting point system, Stanford Research Systems, Inc.) and is 
uncorrected. The optical rotation values were recorded with a Jasco-P-2000 digital polarimeter. 
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Preparation of ketoaldehyde 3. 

O OMe

(1) aq. HCl, H2O, 2 h

(2) Ph3PCH2COCH3, 
     CH2Cl2, rt, 14 h; 54%

5

O

O

3  

To a solution of 3,4-dihydro-2-methoxy-4-methyl-2H-pyran 5 (300 mg, 2.34 mmol) in 
H2O (5.0 mL) was added a concentrate aqueous HCl solution (0.5 mL). The resulting mixture 
was stirred at 25 °C for 2 h until the solution turned to clear. The solution was neutralized to 
pH 7 by slow addition of NaHCO3, monitored by pH indictor paper. To this mixture was slowly 
added a solution of 1-(triphenylphosphoranylidene)acetone (460.0 mg, 1.445 mmol) in CH2Cl2 
(2 mL) over 1.5 h. After the addition, the resulting mixture was stirred at ambient temperature 
for 14 h until the completion of reaction, as monitored by TLC. The reaction mixture was 
extracted with EtOAc (25 mL x 2), and the organic solution was washed with brine (10 mL x 
2), dried over Na2SO4, concentrated in vacuo to give the crude product. The residue was 
purified by flash column chromatography with 25% EtOAc-hexane (Rf = 0.56 for 3 in 50 % 
EtOAc-hexane) to give 3 as a colorless oil (120 mg, 54% yield). Selected spectroscopic data: 
IR (neat): 3428, 2960, 2727, 1722, 1671, 1626, 1363, 1255, 1175, 984 cm-1; 1H NMR (CDCl3, 
400 MHz): δ 9.74 (t, J = 1.5 Hz, 1 H), 6.75-6.67 (m, 1 H), 6.06 (d, J = 15.5 Hz, 1 H), 2.50 – 
2.10 (m, 5 H), 2.22 (s, 3 H), 0.99 (d, J = 6.3 Hz, 3 H); 13C NMR (CDCl3, 100 MHz): δ 201.6 
(CH), 198.2 (C), 145.3 (CH), 133.0 (CH), 50.3 (CH2), 39.4 (CH2), 27.5 (CH), 27.1 (CH3), 19.9 
(CH3); MS (m/z, relative intensity): 55 (M+ +1, 32.57), 154 (M+, 2.), 129 (58), 111 (63), 99 (64), 
95 (47), 85 (49), 71 (67), 69 (100), 58 (62), 55 (70); exact mass calculate for C9H14O2 (M+): 
154.0994; found (M+): 154.0984.      
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Preparation of (+)-2. 

O

OHC

O
MeO

MeO

OMe
OMe

4 (+)–2
99% ee

N
H OTMS

Ph
Ph

(2) p-TsOH, CH3CN, 
     rt, 5 h; 82% for two step.

H

H

O

O

3

+

I–HOAc
(20 mol %)

CH3CN, rt, 72 h.

(1)

 

To a solution of (E)-3-(3,4-dimethoxyphenyl)acrylaldehyde 4 (290 mg, 1.51 mmol) and 
(E)-3-methyl-7-oxooct-5-enal 3 (565 mg, 3.66 mmol) in CH3CN (5.0 mL) was added dropwise 
a solution of catalyst I (98 mg, 0.30 mmol) and acetic acid (18 mg, 0.30 mmol) in CH3CN (1 
mL). The resulting solution was stirred at ambient temperature for 72 h until the completion of 
reaction, as monitored by TLC, and followed by the addition of p-TsOH (430 mg, 2.50 mmol), 
and stirring for an additional 5 h. The solution was extracted with EtOAc (10 mL x 3), washed 
with brine (5 mL), dried over Na2SO4, and concentrated in vacuo to give the crude product. 
The residue was purified by flash column chromatography with 25% EtOAc–hexane (Rf = 0.43 
for 2 in 20% EtOAc–hexane) to give 2 as a white solid (407 mg, 82% yield); mp. 109-111 °C. 
Selected spectroscopic data for (+)-2: [α]D

26 +58.9 (c 6.3, CHCl3); IR (neat): 2957, 1723, 1678, 
1516, 1463, 1262, 1226, 1142, 1026, 759, 668 cm-1; 1H NMR (CDCl3, 500 MHz): δ 9.37 (d, J 
= 4.5 Hz, 1 H), 6.82 – 6.78 (m, 1 H), 6.74 – 6.65 (m, 1 H), 6.62 – 6.60 (m, 1 H), 6.48 (d, J = 
10.0 Hz, 1 H), 5.88 (dd, J = 10.0, 2.5 Hz, 1 H), 3.86 (s, 3 H), 3.84 (s, 3 H), 2.64 (t, J = 11.5 Hz, 
1 H), 2.50 (dd, J = 16.5, 3.0, 1 H), 2.44 – 2.38 (m, 1 H), 2.35 – 2.25 (m, 1 H), 2.23 – 2.15 (m, 1 
H), 2.05 – 1.80 (m, 3 H), 1.30 –1.08 (m, 1 H), 0.96 (d, J = 6.5 Hz, 3 H); 13C NMR (CDCl3, 125 
MHz): δ 203.7 (CH), 199.2 (C), 150.6 (CH), 148.3 (C), 131.8 (C), 130.0 (CH), 111.5 (CH), 
63.7 (CH), 55.9 (CH3), 55.8 (CH3), 47.8 (CH), 46.2 (CH), 44.8 (CH2), 40.6 (CH), 40.3 (CH2), 
32.1 (CH), 19.9 (CH3), some aryl carbons are broadened and disappeared due to the slow 
rotation and coalescence phenomenon; MS (m/z, relative intensity): 328 (M+, 66), 243 (5), 
221(5), 194 (11), 151 (100), 138 (30), 128 (6), 115 (11), 91 (9), 77 (11), 73 (7), 66 (6); exact 
mass calculated for C20H24O4 (M+): 328.1675; found 328.1673. 
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Figure S1 Stereo plots of the X-ray crystal structures of (+)-2: C, gray; O, red, and the ORTEP diagram. 

 
CCDC 844400 contains the supplementary crystallographic data for (+)-2. These data can be 
obtained free of charge from the Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 
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Preparation of alcohol 6. 

O

OHC

OMe
OMe

(+)–2
99% ee

H

H O

HO

(1) NaBH4, CeCl3•7H2O, 
     MeOH, rt, 2 h.

(2) MnO2, CH2Cl2, rt, 12 h
     (2-steps yield: 98%)

6

OMe
OMe

H

H

 

To a solution of 2 (20.0 mg, 0.06 mmol) and CeCl3•7H2O (34.0 mg, 0.09 mmol) in MeOH 
(3 mL) was added NaBH4 (3.0 mg, 0.08 mmol) at 0 °C. The resulting solution was stirred at 
ambient temperature for 2 h until the completion of reaction, monitored by TLC, followed by 
addition of a 1N aqueous NaOH solution (1.0 mL). The resulting mixture was filtered through 
Celite and extracted with EtOAc (15 mL x 2). The organic solution was washed with brine (5 
mL), dried over Na2SO4, and concentrated in vacuo to give the crude product. To a solution of 
this residue in CH2Cl2 (3.0 mL) was added MnO2 (80.0 mg, 0.92 mmol) and the resulting 
mixture was stirred at room temperature for 12 h until the completion of reaction, monitored by 
TLC. The resulting mixture was filtered through Celite and extracted with EtOAc (10 mL x 2). 
The organic solution was washed with brine (5 mL), dried over Na2SO4, and concentrated in 
vacuo to give the crude product. The residue was purified by flash column chromatography 
with 40% EtOAc–hexane (Rf = 0.33 for 6 in 60% EtOAc–hexane) to give 6 as a colorless oil 
(19.7 mg, 98% yield). Selected spectroscopic data: [α]D

26 +30.2 (c 2.4, CHCl3); IR (neat): 3478, 
3006, 2903, 2839, 1668, 1516, 1464, 1261, 1225, 1153, 1027, 806, 755, 665 cm-1; 1H NMR 
(CDCl3, 400 MHz): δ 6.90 – 6.61 (m, 3 H), 6.45 (dd, J = 10.2, 1.3 Hz, 1 H), 5.83 (dd, J = 10.2, 
2.6 Hz, 1 H), 3.86 (s, 3 H), 3.85 (s, 3 H), 3.64 (dd, J = 11.2, 2.6 Hz, 1 H), 3.21 (dd, J = 11.2, 
1.7 Hz, 1 H), 2.65 – 2.42 (m, 2 H), 2.32 – 2.18 (m, 2 H), 2.02 – 1.85 (m, 1 H), 1.80 – 1.70 (m, 
1 H), 1.40 – 1.00 (m, 4 H), 1.04 (d, J = 6.3 Hz, 3 H); 13C NMR (CDCl3, 100 MHz): δ 199.9 (C), 
152.9 (CH), 129.4 (CH), 60.5 (CH2), 55.9 (CH3), 55.8 (CH3), 48.3 (CH), 45.1 (CH2), 41.6 
(CH2), 40.9 (CH), 31.5 (CH), 19.9 (CH3); Some aryl carbons are broadened and disappeared 
due to the slow rotation and coalescence phenomenon; MS (m/z, relative intensity): 330 (M+, 
47), 316 (1), 314 (0.86), 284 (0.86), 267 (0.61), 256 (0.66), 243 (1), 239 (1), 205 (5), 191 (3), 
177 (5), 153 (6), 151 (100), 138 (7), 115 (5), 107 (5), 91 (6), 77 (5), 57 (4), 55 (4); exact mass 
calculated for C20H26O4 (M+): 330.1831; found 330.1832. 
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Preparation of epoxide7. 

O

HO
O

O

HO

6

H2O2

10 % aq. NaOH, 
MeOH, 2 h, 80%

7

OMe
OMe

OMe
OMe

H H

H H

 

To a solution of 6 (20.0 mg, 0.06 mmol) in MeOH (1 mL) was added a 10% aqueous 
solution of NaOH (0.005 mL) and H2O2 (30%, 0.016 mL) at 0 °C. After the addition, the 
resulting solution was stirred at ambient temperature for 2 h until the completion of reaction, 
monitored by TLC.  In order to remove methanol, the solution was concentrated in vacuo to 
ca. 3/4 of the original volume. To the resulting mixture was added ice water (2.0 mL), and the 
solution was extracted with EtOAc (5.0 mL x 2), washed with brine (5.0 mL), dried over 
Na2SO4, and concentrated in vacuo to give the crude product. The residue was purified by flash 
column chromatography with 40% EtOAc–hexane (Rf = 0.42 for 7 in 60% EtOAc–hexane) to 
give 7 as a colorless oil (17 mg, 80% yield). Selected spectroscopic data: [α]D

26 +65 (c 2.45, 
CHCl3); IR (neat): 3515, 3009, 2960, 2913, 2839, 1706, 1516, 1261, 1027, 808, 756 cm-1; 1H 
NMR (CDCl3, 500 MHz): δ 6.93 – 6.63 (m, 3 H), 3.87 (s, 3 H), 3.86 (s, 3 H), 3.66 (d, J = 12.0 
Hz, 1 H), 3.25 (d, J = 12.0 Hz, 1 H), 3.09 (d, J = 3.5 Hz, 1 H), 2.97 (brs, 1 H), 2.85 – 2.70 (m, 
1 H), 2.48 (dd, J = 19.0, 4.5 Hz, 1 H), 2.10 – 1.95 (m, 1 H), 1.88 – 1.70 (m, 4 H), 1.31 (t, J = 
11.0 Hz, 1 H), 1.03 (d, J = 6.0 Hz, 3 H); 13C NMR (CDCl3, 125 MHz): δ 205.0 (C), 60.6 (CH2), 
56.3 (CH), 56.0 (2 CH3), 55.7 (2 CH), 47.6 (CH), 43.6 (CH2), 41.7 (CH2), 31.5 (CH), 30.0 
(CH), 19.9 (CH3); Some aryl protons and carbons are broadened and disappeared due to the 
slow rotation and coalescence phenomenon; MS (m/z, relative intensity): 346 (M+, 72), 330 (2), 
310 (2), 295 (3), 284 (6), 267 (3), 256 (19), 239 (5), 213 (14), 211 (5), 185 (10), 169 (9), 151 
(53), 149 (26), 129 (25), 111 (28), 97 (41), 85 (70), 71 (90), 57 (100); exact mass calculated for 
C20H26O5 (M+): 346.1780; found 346.1779.  
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Preparation of alcohol 9. 

O

HO
O

7

OMe
OMe

H

H
OMe

OH

HO

OMe
OMe

9

(1) KOH (3.5 eq), 
      MeOH, reflux, 10 min (2) 120 °C, 50 min; 44%

OMe

O

HO

OMe
OMe

8  

A solution of 7 (10.0 mg, 0.03 mmol) and NaOH (5.7 mg, 0.14 mmol) in MeOH (0.11 mL) 
was heated to reflux for 10 min.  The solution was concentrated in vacuo to remove most 
methanol but not dried and gave a sticky reside. The residue 8 was heated to 120 °C under N2, 
with a reflux condenser, for 50 min until the completion of reaction, as monitored by TLC.  
The solution was washed with aqueous saturated NaHCO3 solution, extracted with CH2Cl2 (5 
mL x 2).  The combined organic solution was washed with brine (5 mL), dried over Na2SO4, 
and concentrated in vacuo to give the crude product. The residue was purified by flash column 
chromatography with 40% EtOAc–hexane (Rf = 0.33 for 9 in 50% EtOAc–hexane) to give 9 as 
a yellow oil (4.4 mg, 44% yield). Selected spectroscopic data: [α]D

26 +8.4 (c 2.15, CHCl3); IR 
(neat): 3401, 3003, 2959, 2926, 1726, 1666, 1593, 1513, 1464, 1260, 1026, 759 cm-1; 1H NMR 
(CDCl3, 500 MHz): δ 6.78 (d, J = 8.0 Hz, 1 H), 6.74 (d, J = 8.0 Hz, 1 H), 6.61 (d, J = 12.0 Hz, 
2 H), 6.17 (s, 1 H), 5.40 (s, 1 H), 3.97 (d, J = 11.0 Hz, 1 H), 3.87 (s, 3 H), 3.80 – 3.75 (m, 1 H), 
3.79 (s, 3 H), 3.58 (s, 3 H), 3.43 (d, J = 11.0 Hz, 1 H), 2.75 (dd, J = 16.0, 4.5 Hz, 1 H), 2.62 – 
2.56 (m, 1 H), 2.07 – 1.98 (m, 1 H), 1.59 – 1.52 (m, 2 H), 1.12 (d, J = 6.5 Hz, 3 H); 13C NMR 
(CDCl3, 125 MHz): δ 149.0 (C), 147.5 (C), 144.8 (C), 143.6 (C), 138.5 (C), 131.8 (C), 129.6 
(C), 121.7 (CH), 113.4 (CH), 112.1 (CH), 111.9 (CH), 110.9 (CH), 61.1 (CH2), 55.9 (2 CH3), 
55.8 (CH3), 50.7 (CH), 47.4 (CH), 38.6 (CH2), 30.1 (CH), 19.7 (CH3); MS (m/z, relative 
intensity): 358 (M+, 11), 339 (15), 323 (12), 309 (7), 299 (5), 285 (6), 269 (24), 255 (10), 254 
(7), 211 (4), 203 (16), 189 (7), 178 (8), 167 (7), 151 (15), 149 (14), 111 (14), 97 (20), 85 (20), 
71 (28), 58 (100), 57 (35); exact mass calculated for C21H26O5 (M+): 358.1780; found: 
358.1777.   
Rf = 0.12 for 8 in 50% EtOAc–hexane. Selected spectroscopic data for 8: [α]D

26 +31.6 (c 2.26, 
CHCl3); IR (neat): 3515, 3010, 2925, 2839, 1687, 1619, 1515, 1464, 1261, 1155, 1027, 753 
cm-1; 1H NMR (CDCl3, 500 MHz): δ 6.82 – 6.69 (m, 3 H), 5.28 (s, 1 H), 3.87 (s, 6 H), 3.64 (d, 
J = 11.0 Hz, 1 H), 3.32 (s, 3 H), 3.20 (d, J = 11.0 Hz, 1 H), 2.58–2.47 (m, 2 H), 2.37 (t, J = 
10.5 Hz, 1 H), 2.24 (dd, J = 16.5, 14 Hz, 1 H), 1.92–1.89 (m, 1 H), 1.79 – 1.75 (m, 2 H), 1.31 (t, 
J = 10.5 Hz, 1 H), 1.20 (brs, 1 H), 1.03 (d, J = 6.5 Hz, 3 H); 13C NMR (CDCl3, 125 MHz): δ 
194.0 (C), 151.4 (C), 147.8 (C), 134.4 (C), 122.9 (CH), 118.6 (CH), 117.6 (CH), 114.5 (C), 
112.2 (C), 110.8 (CH), 108.1 (CH), 60.6 (CH2), 55.9 (CH3), 55.8 (CH3), 54.7 (CH3), 49.4 (CH), 
41.0 (CH), 40.9 (CH2), 31.5 (CH), 47.4 (CH), 19.9 (CH3); MS (m/z, relative intensity): 360 
(M+, 15), 347 (2), 333 (2), 320 (2), 305 (3), 285 (5), 277 (3), 263 (3), 249 (4), 239 (7), 221 (15), 
205 (20), 193 (12), 191 (11), 165 (15), 151 (43), 137 (24), 125 (36), 97 (81), 83 (73), 71 (84), 
57 (100); exact mass calculated for C22H28O4 (M+): 360.1937; found: 360.1937.   
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Preparation of 10. 

OMe

OH

HO

OMe
OMe

9

MeI, K2CO3, 
acetone, rt, 12 h; 95% OMe

OMe

HO

OMe
OMe

10  

To a solution of 9 (10.0 mg, 0.03 mmol) and K2CO3 (8.0 mg, 0.06 mmol) in acetone (1 
mL) was added MeI (6.0 mg, 0.04 mmol). The solution was stirred at room temperature for 12 
h until the completion of reaction, as monitored by TLC, followed by addition of H2O (4 mL). 
The solution was extracted with EtOAc (15 mL x 2), washed with brine (10 mL), dried over 
Na2SO4, and concentrated in vacuo to give the crude product. The residue was purified by flash 
column chromatography with 30% EtOAc–hexane (Rf = 0.38 for 10 in 50% EtOAc–hexane) to 
give 10 as a yellow oil (9.9 mg, 95% yield). Selected spectroscopic data: [α]D

26 -4.5 (c 2.2, 
CHCl3); IR (neat): 3469, 2926, 2850, 2834, 1738, 1607, 1514, 1464, 1256, 1028, 808, 756 cm-1; 
1H NMR (CDCl3, 500 MHz): δ 6.79 (d, J = 8.0 Hz, 1 H), 6.74 (dd, J = 8.0, 2.0 Hz, 1 H), 6.59 
(d, J = 2.0 Hz, 1 H), 6.56 (s, 1 H), 6.20 (s, 1 H), 3.99 (dd, J = 10.0, 1.0 Hz, 1 H), 3.86 (s, 3 H), 
3.83 (s, 3 H), 3.80 – 3.76 (m, 1 H), 3.78 (s, 3 H), 3.56 (s, 3 H), 3.47 – 3.42 (m, 1 H), 2.79 (dd, J 
= 16.0, 4.5 Hz, 1 H), 2.67 – 2.59 (m, 1 H), 2.06 – 1.97 (m, 1 H), 1.54 – 1.50 (m, 2 H), 1.14 (d, 
J = 6.5 Hz, 3 H); 13C NMR (CDCl3, 125 MHz): δ 149.0 (C), 147.5 (C), 147.1 (C), 147.0 (C), 
138.4 (C), 132.2 (C), 128.8 (C), 121.8 (CH), 112.9 (CH), 112.0 (CH), 110.9 (CH), 110.6 (CH), 
61.1 (CH2), 55.9 (CH3), 55.83 (2 CH3), 55.78 (CH3), 50.7 (CH), 47.3 (CH), 38.9 (CH2), 30.2 
(CH), 19.7 (CH3); MS (m/z, relative intensity): 372 (M+, 100), 356 (9), 339 (16), 323 (18), 313 
(7), 299 (9), 284 (16), 269 (65), 256 (10), 239 (21), 238 (10), 203 (22), 189 (6), 178 (10), 165 
(8), 151 (22), 133 (7), 118 (7), 98 (9), 91 (43), 71 (14), 58 (61), 57 (19); exact mass calculated 
for C22H28O5 (M+): 372.1937; found: 372.1936.   
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Synthesis of (+)-Galbulin. 

OMe

OMe

HO

OMe
OMe

10

OMe

OMe

OMe
OMe

(+)–Galbulin (1)

(1) MsCl, Et3N, CH2Cl2, rt, 2 h

(2) super hydride, THF, rt
     (2-steps yield: 80%)

 

To a solution of 10 (12.0 mg, 0.03 mmol) and Et3N (6.5 mg, 0.06 mmol) in CH2Cl2 (2 mL) 
was added methanesulfonyl chloride (7.4 mg, 0.06 mmol). The resulting solution was stirred at 
ambient temperature for 2 h until the completion of reaction, as monitored by TLC, and 
followed by addition of H2O (3 mL). The solution was extracted with CH2Cl2 (10 mL x 2), 
washed with brine (10 mL), dried over Na2SO4, and concentrated in vacuo to give the crude 
product. To a solution of the residue in THF (2.0 mL) was added a Super-Hydride® solution 
(lithium triethylborohydride, 1M in THF, 0.071 mL, 0.07 mmol), and the resulting solution was 
stirred at ambient temperature for 2 h until the completion of reaction, as monitored by TLC. 
To the reaction mixture was added H2O (3 mL). The solution was extracted with EtOAc (15 
mL x 2), washed with brine (10 mL), dried over Na2SO4, and concentrated in vacuo to give the 
crude product. The residue was purified by flash column chromatography with 10% 
EtOAc–hexane (Rf = 0.71 for 1 in 50% EtOAc–hexane) to give 1 as a white solid (9.1 mg, 80% 
yield); mp. 130-131 °C. Selected spectroscopic data: [α]D

30 +8.0 (c 0.3, CHCl3); IR (neat): 
2960, 2872, 2833, 1607, 1516, 1464, 1417, 1249, 1217, 1029, 801, 754 cm-1; 1H NMR (CDCl3, 
500 MHz): δ 6.78 (d, J = 8.5 Hz, 1 H), 6.69 (dd, J = 8.0, 1.5 Hz, 1 H), 6.56 – 6.54 (m, 2 H), 
6.14 (s, 1 H), 3.86 (s, 3 H), 3.82 (s, 3 H), 3.79 (s, 3 H), 3.54 (s, 3 H), 3.41 (d, J = 10.5 Hz, 1 H), 
2.74 (dd, J = 16.0, 4.5 Hz, 1 H), 2.63 – 2.56 (m, 1 H), 1.68 – 1.58 (m, 1 H), 1.56 – 1.45 (m, 1 
H), 1.06 (d, J = 6.5 Hz, 3 H), 0.85 (d, J = 6.5 Hz, 3 H); 13C NMR (CDCl3, 125 MHz): δ 148.8 
(C), 147.3 (C), 147.0 (C), 146.9 (C), 139.0 (C), 132.4 (C), 129.1 (C), 121.9 (CH), 112.8 (CH), 
112.0 (CH), 110.7 (CH), 110.6 (CH), 55.9 (2 CH3), 55.8 (2 CH3), 54.3 (CH), 43.8 (CH), 39.0 
(CH2), 35.5 (CH), 20.0 (CH3), 17.2 (CH3); MS (m/z, relative intensity): 356 (M+, 4), 355 (M+-1, 
11), 341 (4), 339 (2), 316 (4), 295 (21), 281 (13), 269 (4), 256 (5), 239 (6), 221 (38), 207 (10), 
185 (4), 167 (4), 147 (20), 141 (5), 129 (11), 111 (11), 97 (17), 85 (24), 71 (35), 58 (100), 57 
(44); exact mass calculated for C22H28O4 (M+): 356.1988; found: 356.1988. 
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Table S1. Comparison of compound 1 and Galbulin (13C NMR spectra with literature data). 

Lit.1 Lit.2 Compound 1
148.9 148.9 148.8
147.4 147.3 147.3
147.0 147.0 147.0
146.9 146.9 146.9
139.1 139.0 139.0
132.5 132.5 132.4
129.1 129.1 129.1
121.9 121.9 121.9
112.9 112.9 112.8
112.2 112.1 112.0
110.8 110.7 110.7
110.7 110.6 110.6

55.9 (2C) 55.9 (2C) 55.9 (2C)
55.8 (2C) 55.8, 55.7 55.8 (2C)

54.3 54.3 54.3
43.8 43.8 43.8
39.1 39.0 39.0
35.6 35.6 35.5
20.0 20.0 20.0
17.2 17.2 17.2

 
 
 

                                                 
1 Buckleton, J. S.; Cambie, R. C.; Clark, G. R.; Craw, P. A.; Rickard, C. E. F.; Rutledge, P. S.; Woodgate, P. D. 
Aust. J. Chem. 1988, 41, 305-324.  
2 Datta, P. K.; Yau, C.; Hooper, T. S.; Yvon, B. L.; Charlton, J. L. J. Org. Chem. 2001, 66, 8606-8611.  
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Fig S11. 1H NMR (CDCl3, 400 MHz) of compound 3.
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Fig S12. 13C NMR (CDCl3, 100 MHz) of compound 3.
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Fig S13. DEPTof compound 3.
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Fig S14. 1H NMR (CDCl3, 500 MHz) of compound 2. S14
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Fig S15. 13C NMR (CDCl3, 126 MHz) of compound 2. S15
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Fig S16. DEPT of compound 2.
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Fig S17. COSY of compound 2.
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Fig S18. COSY of compound 2, expanded. S18
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Fig S19. HMQC of compound 2. S19
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Fig S20. NOESY of compound 2. S20
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Fig S21. 1H NMR (CDCl3, 400 MHz) of compound 6.
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Fig S22. 13C NMR (CDCl3, 100 MHz) of compound 6.
S22

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Fig S23. DEPT of compound 6. S23
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Fig S24. 1H NMR (CDCl3, 500 MHz) of compound 7. S24
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Fig S25. 13C NMR (CDCl3, 126 MHz) of compound 7. S25
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Fig S26. 13C NMR (CDCl3, 126 MHz) of compound 7. S26
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Fig S27. 13C NMR (CDCl3, 126 MHz) of compound 7, expanded. S27

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Fig S28. DEPT of compound 7.
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Fig S29. DEPT of compound 7, expanded. S29
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Fig S30. HSQC of compound 7.
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Fig S31. HSQC of compound 7, expanded.
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Fig S32. COSY of compound 7.
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Fig S33. NOESY of compound 7.
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Fig S34. 1H NMR (CDCl3, 500 MHz) of compound 8.
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Fig S35. 13C NMR (CDCl3, 126 MHz) of compound 8.
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Fig S36. 13C NMR (CDCl3, 126 MHz) of compound 8, expanded.
S36

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Fig S37. HSQC of compound 8.
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Fig S38. COSY of compound 8.
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Fig S39. NOESY of compound 8.
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Fig S40. HMBC of compound 8.
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Fig S41. 1H NMR (CDCl3, 500 MHz) of compound 9. S41
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Fig S42. 13C NMR (CDCl3, 126 MHz) of compound 9.
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Fig S43. DEPT of compound 9.
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Fig S44. COSY of compound 9.
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Fig S45. HSQC of compound 9.
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Fig S46. COSY of compound 9.
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Fig S47. NOESY of compound 9.
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Fig S48. 1H NMR (CDCl3, 500 MHz) of compound 10. S48
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Fig S49. 13C NMR (CDCl3, 126 MHz) of compound 10.
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Fig S50. DEPT of compound 10. S50
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Fig S51. HSQC of compound 10.
S51

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Fig S52. COSY of compound 10.
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Fig S53. NOESY of compound 10.
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Fig S54. 1H NMR (CDCl3, 500 MHz) of compound 1. S54
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Fig S55. 1H NMR of galbulin (1), reprinted (adapted) with permission from (J. Org. Chem., 2001, 66 (25), pp 8606–8611, 
               Supporting information). Copyright (2001) American Chemical Society.     (For comparison) S55

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Fig S56. 13C NMR (CDCl3, 126 MHz) of compound 1. S56
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Fig S57. 13C NMR of galbulin (1), reprinted (adapted) with permission from (J. Org. Chem., 2001, 66 (25), pp 8606–8611, 
               Supporting information). Copyright (2001) American Chemical Society.     (For comparison) S57
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Fig S58. DEPT of compound 1. S58
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Fig S59. HSQC of compound 1.
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Fig S60. COSY of compound 1.
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Fig S61. NOESY of compound 1.
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Report produced on 2011/7/26 at 下午 01:31:04 by Put your name here

HCS-3-81-RACEMATE-COL-IA-20%-EA/HEX

Chromatogram Report
First line of organization's address
Second line of organization's address

2011/7/26 ¤W¤È 11:52:04 Flow set to 1.00 at 0.00 minutes
2011/7/26 ¤U¤È 12:28:32 Run stopped by operator

PEAK REPORT
    #      begin       end          area      percent     maximum      time     begins as     name
    1       24.33     26.48          2292            50.4             94.39     25.23      Baseline
    2       27.35     29.81          2257            49.6             89.36     28.30      Baseline

1PageD-Star Instruments - 8424 Quarry Rd., Manassas VA 20110 - 800-DSTAR12
Data taken from file [A00861 HCS-3-81-RACEMATE-COL-IA-20%-EA_HEX on 七月 26 2011 12 28 下午 12_28 .chr]

Fig S62. HPLC analysis of the racemic 3.  (For comparison)
S62
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Report produced on 2011/7/26 at 下午 02:33:10 by Put your name here

HCS-006(CHIRAL)COL-IA 20% EA+HX

Chromatogram Report
First line of organization's address
Second line of organization's address

2011/7/26 ¤U¤È 01:49:21 Flow set to 1.00 at 0.00 minutes
2011/7/26 ¤U¤È 02:31:29 Run stopped by operator

PEAK REPORT
    #      begin       end          area      percent     maximum      time     begins as     name
    1       22.64     26.69        11390          100.0            218.31     24.25      Baseline

1PageD-Star Instruments - 8424 Quarry Rd., Manassas VA 20110 - 800-DSTAR12
Data taken from file [A00862 HCS-006(CHIRAL)COL-IA 20% EA+HX on 七月 26 2011 14 31 下午 02_31 .chr]

Fig S63. HPLC analysis of the chiral compound (+)-3 obtained.
S63
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Report produced on 2011/7/26 at 下午 03:13:54 by Put your name here

HCS-006(CO)COL-IA 20% EA+HX

Chromatogram Report
First line of organization's address
Second line of organization's address

2011/7/26 ¤U¤È 02:34:54 Flow set to 1.00 at 0.00 minutes
2011/7/26 ¤U¤È 03:11:15 Run stopped by operator

PEAK REPORT
    #      begin       end          area      percent     maximum      time     begins as     name
    1       23.59     26.56          7389            87.5           159.20     24.46      Baseline
    2       27.45     29.51          1052            12.5             62.81     28.38      Baseline

1PageD-Star Instruments - 8424 Quarry Rd., Manassas VA 20110 - 800-DSTAR12
Data taken from file [A00863 HCS-006(CO)COL-IA 20% EA+HX on 七月 26 2011 15 11 下午 03_11 .chr]

Fig S64. HPLC analysis of the mixture of racemic and chiral compound (+)-3 obtained.
                (For comparison) S64
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