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The Synthesis of Required Bicyclic O,O-Acetal 4 and 4'
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Table 1: a

entry R1/R2 4, 4'
yield [%][b]

total (4/4')

ee [%][c]

4/4'

dr[d]

4/4'

1 Ph/Ph 4a, 4'a 77 (37/40) >99/99 14:1/12:1

2 4-BrC6H4/Ph 4b, 4'b 77 (37/40) 99/98 >20:1/>20:1

3 Me/Ph 4c, 4'c 76 (36/40) >99/>99 >20:1/13:1

4 2-thienyl/Ph 4d, 4'd 74 (33/41) >99/>99 >20:1/19:1

5 Ph/4-MeC6H4 4e, 4'e 73 (36/37) >99/>99 >20:1/>20:1

6 Ph/4-FC6H4 4f, 4'f 73 (32/41) >99/>99 >20:1/>20:1

7 Ph/3-MeC6H4 4g, 4'g 79 (36/43) >99/>99 >20:1/15:1

8 Ph/3-thienyl 4h, 4'h 74 (36/38) 99/>99 >20:1/>20:1

a See the General procedure.

b The total yield of 4 and 4'; the values in brackets refer to the yield of pure compounds 4 and 4'.

c Determined by HPLC analyses of isolated compounds 4 and 4' on chiral stationary phases.

d Determined by 1H NMR analysis.

General procedure: A glass vial equipped with a magnetic stirring bar was charged with lactols (±)-

1 (0.40 mmol), nitroenynes 2 (0.48 mmol), 3 (0.08 mmol) and p-NO2C6H4COOH (0.08 mmol) in 
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CHCl3 (2 mL) at 25 oC. The resulting reaction mixture was kept under vigorous stirring until the 

consumption of lactols (±)-1 (monitored by TLC analysis). After completion of the reaction, the 

solvent was removed under vacuum and the crude product was purified by flash chromatography on 

silica gel to afford the Michael adducts. Then the obtained products were dissolved in redistilled 

CHCl3 (4 mL) under argon environment at 0 oC. Ph3PAuCl (5 mol%) and AgBF4 (5 mol%) were 

added successively. It was hydrolyzed with water and extracted with CH2Cl2 when the reaction was 

complete. The combined organic layers were dried over Na2SO4, filtered and concentrated under 

reduced pressure. After purified by a flash column chromatography on silica gel using petroleum 

ether/ethyl acetate (20:1 to 15:1) as eluent, compounds 4 and 4' were finally obtained.

Ring-Opening of 4 and 4' by Chemoselective Protonation

O
Ph

OEt

O2N

Ph

O

O
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O O
Ph
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Ph
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(mixture of epimers)

+
CHCl3
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[M] or [H]

Table 2:a

entry catalyst Time (h)
yield (%)b

total (5a/5'a)

ee [%]c

5a/5'a

drd

5a/5'a

1 [Au] -- -- -- --

2e [Au] 12 h 87 (43/44) >99/99 >20:1/14:1

3 [Ag] 6 h 80 (41/39) 99/99 15:1/12:1

4 DPP -- - -- -

5 p-TsOH 1 h 93 (46/47) >99/>99 >20:1/14:1

a All reactions were performed by the following procedure: 4a/4' a (0.20 mmol) were dissolved in distilled CHCl3 

(1 mL) at 0 oC. EtOH (0.40 mmol) and corresponding catalysts were added and the reaction was kept at 0 oC until 

4a and 4a' were consumed completely. The reaction was purified immediately by a flash column chromatography 

on silica gel to give compounds 5a and 5'a.

b The total yield of 5a and 5'a; the values in brackets refer to the yield of isolated pure compounds 5a and 5'a.
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c Determined by HPLC analyses of isolated compounds 5a and 5'a on chiral stationary phases.

d Determined by 1H NMR analysis of the crude reaction mixture. 

e AgBF4 (5 mol%) was added after 2 h. [Au] = Ph3PAuCl, [Ag] = AgBF4. 

First, we investigated the ring-opening reaction between the mixture of 4a/4'a and EtOH (2.0 eq). No 

reaction was observed by using only PPh3AuCl (5 mol%) as the catalyst (entry 1) in 2h. But when 

AgBF4 (5 mol%) was added to the solution, the reaction could occur and generate 5a and 5'a in 12 h 

(entry 2). And then we proved that AgBF4 (5 mol%) alone could also provide significant turnover 

(entry 3). Surprisingly, diphenyl hydrogen phosphate (DPP, 20 mol%) showed no catalytic activity in 

this transformation (entry 4). To our excitement, p-toluenesulfonic acid (p-TsOH, 20 mol%) showed 

very high catalytic activity (entry 5), the ring-opening process finished in only 1 h, thus both 5a and 

5'a were obtained with excellent diastereoselectivity. With these results in hand, we studied the 

suitability of the substrate for this reaction.
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X-ray structure determination

Single Crystal X-Ray Diffraction Data of 5f. 

X-ray crystallographic data have been deposited in the Cambridge Crystallographic Data Centre 

database (http://www.ccdc.cam.ac.uk/ data_request/cif.) under accession code CCDC 1506248.
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Single Crystal X-Ray Diffraction Data of 12j. 

X-ray crystallographic data have been deposited in the Cambridge Crystallographic Data Centre 

database (http://www.ccdc.cam.ac.uk/ data_request/cif.) under accession code CCDC 1568738.
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Single Crystal X-Ray Diffraction Data of 23. 

X-ray crystallographic data have been deposited in the Cambridge Crystallographic Data Centre 

database (http://www.ccdc.cam.ac.uk/ data_request/cif.) under accession code CCDC 1568735.
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NMR spectra and HPLC Traces

O

O2N

O

Ph

O

5a

O

O2N

O

Ph

O

5a



9

O

O2N

O

Ph

O

5a

O

O2N

O

Ph

O

rac-5a



10

O

O2N

O

Ph

O

5'a

O

O2N

O

Ph

O

5'a



11

  

O

O2N

O

Ph

O

rac-5'a

O

O2N

O

Ph

O

5'a



12

O

O2N

O

Ph

O

Br

5b

O

O2N

O

Ph

O

Br

5b

O

O2N

O

Ph

O

5'a



13

O

O2N

O

Ph

O

Br

rac-5b

O

O2N

O

Ph

O

Br

5b



14

O

O2N

O

Ph

O

Br

5'b

O

O2N

O

Ph

O

Br

5'b



15

O

O2N

O

Ph

O

Br

rac-5'b

O

O2N

O

Ph

O

Br

5'b



16

O
Me

O2N

O

Ph

O

5c

O
Me

O2N

O

Ph

O

5c



17

  

O
Me

O2N

O

Ph

O

rac-5c

O
Me

O2N

O

Ph

O

5c



18

O
Me

O2N

O

Ph

O

5'c

O
Me

O2N

O

Ph

O

5'c



19

  

O
Me

O2N

O

Ph

O

rac-5'c

O
Me

O2N

O

Ph

O

5'c



20

O

O2N

O

Ph

O
S

5d

O

O2N

O

Ph

O
S

5d



21

  

O

O2N

O

Ph

O
S

rac-5d

O

O2N

O

Ph

O
S

5d



22

O

O2N

O

Ph

O
S

5'd

O

O2N

O

Ph

O
S

5'd



23

  

O

O2N

O

Ph

O
S

rac-5'd

O

O2N

O

Ph

O
S

5'd



24

O
Ph

O2N

O

O

Me

5e

O
Ph

O2N

O

O

Me

5e



25

  

O
Ph

O2N

O

O

Me

rac-5e

O
Ph

O2N

O

O

Me

5e



26

O
Ph

O2N

O

O

Me

5'e

O
Ph

O2N

O

O

Me

5'e



27

O
Ph

O2N

O

O

Me

rac-5'e

O
Ph

O2N

O

O

Me

5'e



28

O
Ph

O2N

O

O

F

5f

O
Ph

O2N

O

O

F

5f



29

O
Ph

O2N

O

O

F

rac-5f

O
Ph

O2N

O

O

F

5f



30

O
Ph

O2N

O

O

F

5'f

O
Ph

O2N

O

O

F

5'f



31

  

O
Ph

O2N

O

O

F

rac-5'f

O
Ph

O2N

O

O

F

5'f



32

O
Ph

O2N

O

O
Me

5g

O
Ph

O2N

O

O
Me

5g



33

O
Ph

O2N

O

O
Me

rac-5g

O
Ph

O2N

O

O
Me

5g



34

O
Ph

O2N

O

O
Me

5'g

O
Ph

O2N

O

O
Me

5'g



35

O
Ph

O2N

O

O
Me

rac-5'g

O
Ph

O2N

O

O
Me

5'g



36

O
Ph

O2N

O

O

S

5h

O
Ph

O2N

O

O

S

5h



37

O
Ph

O2N

O

O

S

rac-5h

O
Ph

O2N

O

O

S

5h



38

O
Ph

O2N

O

O

S

5'h

O
Ph

O2N

O

O

S

5'h



39

O
Ph

O2N

O

O

S

rac-5'h

O
Ph

O2N

O

O

S

5'h



40

O

O2N

OMe

Ph

O

5i

O

O2N

OMe

Ph

O

5i



41

O

O2N

OMe

Ph

O

rac-5i

O

O2N

OMe

Ph

O

5i



42

O

O2N

OMe

Ph

O

5'i

O

O2N

OMe

Ph

O

5'i



43

O

O2N

OMe

Ph

O

rac-5'i

O

O2N

OMe

Ph

O

5'i



44

O

O2N

O

Ph

O

5j

O

O2N

O

Ph

O

5j



45

O

O2N

O

Ph

O

rac-5j

O

O2N

O

Ph

O

5j



46

O

O2N

O

Ph

O

5'j

O

O2N

O

Ph

O

5'j



47

O

O2N

O

Ph

O

rac-5'j

O

O2N

O

Ph

O

5'j



48

O

O2N

O

Ph

O

Ph

5k

O

O2N

O

Ph

O

Ph

5k



49

O

O2N

O

Ph

O

Ph

rac-5k

O

O2N

O

Ph

O

Ph

5k



50

O

O2N

O

Ph

O

Ph

5'k

O

O2N

O

Ph

O

Ph

5'k



51

O

O2N

O

Ph

O

Ph

rac-5'k

O

O2N

O

Ph

O

Ph

5'k



52

O O
Ph

O2N

N
Me

12a

O O
Ph

O2N

N
Me

12a



53

O O
Ph

O2N

N
Me

12a

O O
Ph

O2N

N
Me

rac-12a



54

O O

O2N

N
Me

Me

12b

O O

O2N

N
Me

Me

12b



55

O O

O2N

N
Me

Me

12b

O O

O2N

N
Me

Me

rac-12b



56

O O N
Me

Me

O2N
12c

O O N
Me

Me

O2N
12c



57

O O N
Me

Me

O2N
12c

O O N
Me

Me

O2N
rac-12c



58

O O N
Me

F

O2N
12d

O O N
Me

F

O2N
12d



59

O O N
Me

F

O2N
12d

O O N
Me

F

O2N
rac-12d



60

O O

O2N

N
Me

S

12e

O O

O2N

N
Me

S

12e



61

O O

O2N

N
Me

S

12e

O O

O2N

N
Me

S

rac-12e



62

O O

N
Me

Ph
MeO

O2N
12f

O O

N
Me

Ph
MeO

O2N
12f



63

O O

N
Me

Ph
MeO

O2N
12f

O O

N
Me

Ph
MeO

O2N
rac-12f



64

O O

N
Me

Ph

F

O2N
12g

O O

N
Me

Ph

F

O2N
12g



65

O O

N
Me

Ph

F

O2N
12g

O O

N
Me

Ph

F

O2N
rac-12g



66

O O

N
Ph

O2N
12h

O O

N
Ph

O2N
12h



67

O O

N
Ph

O2N
12h

O O

N
Ph

O2N
rac-12h



68

O O

N
Ph

O2N
12i

O O

N
Ph

O2N
12i



69

O O

N
Ph

O2N
12i

O O

N
Ph

O2N
rac-12i



70

O O

N
Ph

O2N
12j

O O

N
Ph

O2N
12j



71

O O

N
Ph

O2N
12j

O O

N
Ph

O2N
rac-12j



72

 

O O

N
Ph

O2N
12k

O O

N
Ph

O2N
12k



73

O O

N
Ph

O2N
12k

O O

N
Ph

O2N
rac-12k



74

O O

N
Ph

O2N

Me

Me

12l

O O

N
Ph

O2N

Me

Me

12l



75

O O

N
Ph

O2N

Me

Me

12l

O O

N
Ph

O2N

Me

Me

rac-12l



76

O O

N
Ph

O2N

Me

Me

12m

O O

N
Ph

O2N

Me

Me

12m



77

O O

N
Ph

O2N

Me

Me

12m

O O

N
Ph

O2N

Me

Me

rac-12m



78

O O

N
Ph

O2N

Me

Br

12n

O O

N
Ph

O2N

Me

Br

12n



79

O O

N
Ph

O2N

Me

Br

12n

O O

N
Ph

O2N

Me

Br

rac-12n



80

O O

N
Ph

O2N

Me

Br

12o

O O

N
Ph

O2N

Me

Br

12o



81

O O

N
Ph

O2N

Me

Br

12o

O O

N
Ph

O2N

Me

Br

rac-12o



82

O O
Ph

O2N

N

12p

O O
Ph

O2N

N

12p



83

O O
Ph

O2N

N

12p

O O
Ph

O2N

N

rac-12p



84

O
Ph

S

O2N

Ph

O

Bn

14

O
Ph

S

O2N

Ph

O

Bn

14



85

O
Ph

S

O2N

Ph

O

Bn

rac-14

O
Ph

S

O2N

Ph

O

Bn

14



86

O
Ph

O

NO2

Ph

17

O
Ph

O

NO2

Ph

17



87

O
Ph

O

NO2

Ph

rac-17

O
Ph

O

NO2

Ph

17



88

NOE spectra of 17
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