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1. Optimization of the Reaction Condition
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3a: Ar = Ph, R = H
3b: Ar = Ph, R = TMS
3c: Ar = Ph, R = TES
3d: Ar = Ph, R = TBS
3e: Ar = 2-naphthyl, R = TMS
3f: Ar = 3,5-(CH3)2C6H3, R = TBS
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A1 = 4-NO2PhCOOH
A2 = PhCOOH
A3 = 2-FPhCOOH
A4 = 4-CH3PhCOOH
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Table 1
Entry Cat. Acid Solvent Timeb (h) Yieldc (%)

5a/5’a

eed (%)

5a/5’a

dre

5a/5’a

1f 3a A1 CH3CN - - - -

2 3b A1 CH3CN 15 31/33 >99/96 -/-

3 3c A1 CH3CN 24 30/32 97/85 -/-

4 3d A1 CH3CN 15 30/32 91/84 -/-

5 3e A1 CH3CN 15 27/29 98/96 -/-

6 3f A1 CH3CN 15 32/33 94/78 -/-

7 3g A1 CH3CN 48 28/29 -93/-99 -/-

8 3h A1 CH3CN >48 trace - -/-

9 3b A2 CH3CN 28 26/25 97/96 -/-

10 3b A3 CH3CN 24 32/30 98/96 -/-

11 3b A4 CH3CN 36 23/24 96/98 -/-

12 g 3b A5 CH3CN - -/- -/- -/-

13 3b A3 CH2Cl2 10 28/27 96/95 2.7:1/-

14 3b A3 toluene 8 24/25 98/99 1.0:1/-

15 3b A3 THF 24 29/28 >96/96 35.0:1/-

16h 3b A3 CH3CN/H2O 12 31/32 >99/98 11.0:1/-

17i 3b A3 CH2Cl2/H2O 12 27/26 98/95 2.5:1/-

[a] Unless otherwise specified, all reactions were carried out using 1a (0.36 mmol, 1.2 equiv), 2a (0.3 mmol, 

1.0 equiv) in solvent (0.6 mL) with 3 (20 mol%) and acid (20 mol%) at 25 oC. After workup, the mixture 

was concentrated and the residue was purified by flash chromatography on silica gel to afford 4a. Then, m-

Xylene (2.0 mL) and 5 Å (1.0 equiv) were added to the reaction at 110 oC for 24 hours, After full conversion 

of the second step, the residue was purified by flash chromatography on silica gel. [c] Yield of 5a and 5’a. [b] 

For the first step. [d/e] Determined by Chiral HPLC analysis. [f/g] No reaction. [h/i] 20% H2O was added. 

Entry in ondine marks optimized conditions.

file:///C:/Users/Administrator/AppData/Local/Yodao/DeskDict/frame/20150814151747/javascript:void(0);
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2. Details of Reaction Conditions Study

Table 2. Screening of catalystsa
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3a: Ar = Ph, R = H
3b: Ar = Ph, R = TMS
3c: Ar = Ph, R = TES
3d: Ar = Ph, R = TBS
3e: Ar = 2-naphthyl, R = TMS
3f: Ar = 3,5-(CH3)2C6H3, R = TBDMS
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Entry Cat. Acid Solvent Timeb (h) Yieldc (%)

5a/5’a

eed (%)

5a/5’a

1e 3a A1 CH3CN - - -/-

2 3b A1 CH3CN 15 31/33 >99/96

3 3c A1 CH3CN 24 30/32 97/98

4 3d A1 CH3CN 15 30/32 91/84

5 3e A1 CH3CN 15 27/29 98/96

6 3f A1 CH3CN 15 32/33 94/78

7 3g A1 CH3CN 48 28/29 -93/-99

8 3h A1 CH3CN >48 trace -/-

[a] Unless otherwise specified, all reactions were carried out using 1a (0.36 mmol, 1.2 equiv), 2a (0.3 mmol, 

1.0 equiv) in solvent (0.6 mL) with 3 (20 mol%) and A1 (20 mol%) at 25 oC. After workup, the mixture was 

concentrated and the residue was purified by flash chromatography on silica gel to afford 4a. Then, m-

xylene (2.0 mL) and 5 Å (1.0 equiv) were added to the reaction at 110 oC for 24 hours, after full conversion 

of the second step, the residue was purified by flash chromatography on silica gel. [b] For the first step. [c] 

Yield of 5a and 5’a, [d] Determined by Chiral HPLC analysis. [e] No reaction.
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Table 3. Screening of acidsa
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A1 = 4-NO2PhCOOH
A2 = PhCOOH
A3 = 2-FPhCOOH
A4 = 4-CH3PhCOOH
A5 = no acid

3b

Entry Cat. Acid Solvent Timeb (h) Yieldc (%)

5a/5’a

eed (%)

5a/5’a

1 3b A1 CH3CN 15 31/33 >99/96

2 3b A2 CH3CN 28 26/25 97/96

3 3b A3 CH3CN 24 32/30 98/96

4 3b A4 CH3CN 36 23/24 96/98

5 e 3b A5 CH3CN - -/- -/-

[a] Unless otherwise specified, all reactions were carried out using 1a (0.36 mmol, 1.2 equiv), 2a (0.3 mmol, 

1.0 equiv) in solvent (0.6 mL) with 3b (20 mol%) and acid (20 mol%) at 25 oC. After workup, the mixture 

was concentrated and the residue was purified by flash chromatography on silica gel to afford 4a. Then, m-

Xylene (2.0 mL) and 5 Å (1.0 equiv) were added to the reaction at 110 oC for 24 hours, after full conversion 

of the second step, the residue was purified by flash chromatography on silica gel. [b] For the first step. [c] 

Yield of 5a and 5’a, [d] Determined by Chiral HPLC analysis. [e] No reaction.
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Table 4. Screening of solventsa
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Ar
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Entry Cat. Acid Solvent Timeb (h) Yieldc (%)

5a/5’a

eed (%)

5a/5’a

dre

5a/5’a

1 3b A1 CH3CN 15 31/33 >99/96

2 3b A1 CH2Cl2 10 28/27 96)/95 2.7:1/-

3 3b A1 toluene 8 24/25 9899 1.0:1/-

4 3b A1 THF 24 29/28 >96/96 35.0:1/-

5f 3b A1 CH3CN/H2O 12 31/32 >99/98 11.0:1/-

6g 3b A1 CH2Cl2/H2O 12 27/26 98/95 2.5:1/-

[a] Unless otherwise specified, all reactions were carried out using 1a (0.36 mmol, 1.2 equiv), 2a (0.3 mmol, 

1.0 equiv) in solvent (0.6 mL) with 3b (20 mol%) and A1 (20 mol%) at 25 oC. After workup, the mixture was 

concentrated and the residue was purified by flash chromatography on silica gel to afford 4a. Then, m-

xylene (2.0 mL) and 5 Å (1.0 equiv) were added to the reaction at 110 oC for 24 hours, after full conversion 

of the second step, the residue was purified by flash chromatography on silica gel. [b] For the first step. [c] 

Yield of 5a and 5’a. [d/e] Determined by Chiral HPLC analysis. [f/g] 20 % H2O was added.
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Table 5. Screening of second step 

O OH

OH

EtOOC COOEt

O O
O

HO COOEt

O O
O

HO COOEt

4a 5a 5'a

condition

Conditiona Timeb (h) Yieldc (%)

5a/5’a

Eed (%)

5a/5’a

3.0 eq PTSA, DCM, 20 oC 15 25/12 96/90

3.0 eq BF3 
.Et2O, DCM, 0 oC 3 mess -

2.0 eq FeCl3 
.6H2O, DCM, 25 oC 5 mess -

6M HCl : CH3CN 1:1, 40 oC 12 trace 96/90

2.0 eq LiClO4, toluene, 40 oC >48 - -

2.0 eq LiClO4, toluene, 110 oC 4 mess -

0.2 eq PTSA, toluene, 110 oC 4 mess -

Toluene, 110 oC 24 23/34 99/96

m-Xylene, 110 oC 15 25/33 98/93

m-Xylene, 5 Å, 110 oC 15 31/33 >99/96

1.2 eq DBU, THF, 25 oC 5 - -

[a] In solvent (1.0 mL) with 4a (0.1 mmol). [b] For the second step. [c] Yield of 5a and 5’a. [d] Determined 

by Chiral HPLC analysis. DCM = dichloromethane; PTSA = p-toluenesulfonic acid; DBU = 1,8-

Diazabicyclo[5.4.0]undec-7-ene.

javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB7740372&postData3=CN&SYMBOL_Type=A');
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3. The Determination of the Absolute Configuration of 

Compound 5a/5’d/5h/5’h/5l

Up Spot 5a: 

The determination of the relative configuration of compound 5a by NOE
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Up Spot 5h:
The determination of the relative configuration of compound 5h by NOE 

H3: 6.33 ppm                    H2: 5.07 ppm

H4: 4.37 ppm                     H5: 3.50 ppm
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Up Spot 5l:
The determination of the relative configuration of compound 5l by NOE

H3: 6.30 ppm                    H2: 5.42 ppm 

 

H4: 4.37 ppm                    H5: 3.50 ppm
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Down Spot 5’h:
The determination of the absolute configuration of compound 5'h by Single 

Crystal X-Ray and NOE.
[CCDC 1510140 (5'h) contain the supplementary crystallographic data for this paper. 

These data can be obtained free of charge from The Cambridge Crystallographic Data 
Centre via www.ccdc.cam.ac.uk/data_request/cif.].

H3: 6.18 ppm                   H2: 5.25 ppm

 

H4: 4.37 ppm                   H5: 3.45 ppm
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Down Spot 5’d:
The determination of the relative configuration of compound 5’d by NOE

H3: 6.20 ppm                    H2: 5.32 ppm

 

H4: 4.37 ppm                     H5: 3.47 ppm
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4. NMR spectra and HPLC Traces 
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The determination of the absolute configuration of compound 8 by NOE 
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