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1. The synthetic details for the substrates 6a-6j, 9a-9j

and 11a-11p. 

1.1  General Procedure for the Synthesis of 6a-6j 、9a-9j27b 

To a solution of compound 13 or 14 (2.0 mmol) in dry DCM (10 mL) was added 

DMAP (0.2 mmol) and Boc2O (5.0 mmol). After being stirred at room temperature for 

12 h, the mixture was quenched with NH4Cl and extracted with EtOAc (30 mL × 3). 

The combined organic layers were washed with brine, dried over MgSO4, filtrated and 

concentrated. The residue was purified by flash chromatography on silica gel (PE/EA 

= 5:1) to give the desired product 15 or 16. The compound 15 or 16 (0.5 mmol) was 

dissolved in dry THF (3 mL) under Ar atmosphere. Then DIBAL-H (1 M, 1.5 equiv) 

was dropped slowly. After being stirred at -78 
o
C for 2 h, the mixture was quenched

with EtOAc and potassium sodium tartrate, and extracted with EtOAc (20 mL × 3). 

The combined organic layers were washed with brine, dried over MgSO4, filtrated and 

concentrated, then obtained the crude product N,O-acetal 6 or 9 to be used without 

purification because of its unstablity. 

1.2  General Procedure for the Synthesis of 11a-11p28 

First, amides 17 (10.0 mmol) were dissolved in anhydrous THF (15 mL) under an 

argon atmosphere, and the resulting solution was cooled at -50 °C for a while. Then 

MeMgCl (10.5 mmol, 3 M in THF) was added slowly under vigorous stirring, and the 

resulting mixture was allowed to warm to room temperature and stirred for 30 min. 
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Then the mixture was cooled to -50 °C, and aldehydes (10.5 mmol) were added 

rapidly, and the resulting mixture was warmed to room temperature and stirred for 3 h. 

After completion of the reaction, the reaction was quenched with saturated aqueous 

NaHCO3 (50 mL). The organic layer was separated, and the aqueous phase was 

extracted with EtOAc (50 mL × 3); the combined organic layers were washed with 

brine, dried over anhydrous MgSO4 and filtered. The solvent was evaporated under 

reduced pressure to obtain crude hemiaminal. 

Next, the crude hemiaminal was dissolved in methanol (50 mL) at room temperature, 

and then pyridinium p-toluenesulfonate (0.1 mmol) was added. After the mixture was 

stirred for 3 h, the crude product was obtained using the same post-processing method 

described above, and then purified by flash chromatography with PE/EtOAc to afford 

the desired N,O-acetals 11a-11p.  

2  X-Ray Crystal data 

2.1  X-Ray Crystal data of 8f 

ORTEP drawing of the X-ray crystallographic structure of compoud 8f (50% 

probability ellipsoids，dd21153 is the original test number for 8f ) The instrument is 

X-ray crystallographic diffractometer (Bruker/D8-VENTURE).

The single crystal of compound 8f was prepared from its solution in petroleum 

ether/ethylacetate by slow evaporation of the solvent (Table S1) 
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Table S1 . Crystal data and structure refinement for 8f 

Table 1.  Identification code 8f 

Empirical formula  C15 H24 N O4 P 

Formula weight  313.32 

Temperature  213(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21 

Unit cell dimensions a = 10.2351(3) Å a= 90°. 

b = 8.1643(2) Å b= 

98.1630(10)°. 

c = 20.5765(5) Å g = 90°. 

Volume 1702.00(8) Å3

Z 4 

Density (calculated) 1.223 Mg/m3

Absorption coefficient 0.176 mm-1

F(000) 672 

Crystal size 0.200 x 0.140 x 0.110 mm3

Theta range for data collection 2.627 to 25.999°. 

Index ranges -12<=h<=12, -10<=k<=10, -25<=l<=25

Reflections collected 26255 

Independent reflections 6651 [R(int) = 0.0384] 

Completeness to theta = 25.242° 99.2 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.6920 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 6651 / 83 / 425 

Goodness-of-fit on F2 1.049 

Final R indices [I>2sigma(I)] R1 = 0.0536, wR2 = 0.1411 

R indices (all data) R1 = 0.0588, wR2 = 0.1477 

Absolute structure parameter 0.20(3) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.579 and -0.310 e.Å-3
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CCDC 2175609. For detailed crystallographic data, please refer to the Cambridge 

Crystallographic Data Centre at http://ccdc.cam.ac.uk. 

2.2  X-Ray Crystal data of 12a 

ORTEP drawing of the X-ray crystallographic structure of compoud 12a (50% 

probability ellipsoids，dd21111 is the original test number for 12a) The instrument is 

X-ray crystallographic diffractometer (Bruker/D8-VENTURE).

The single crystal of compound 12a was prepared from its solution in petroleum 

ether/ethylacetate by slow evaporation of the solvent (Table S2) 

Table S2 . Crystal data and structure refinement for 12a 

Identification code  12a 

Empirical formula  C17 H25 F N O5 P 

Formula weight  373.35 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 9.2680(4) Å = 76.990(2)°.

b = 9.7857(5) Å =

68.2280(10)°. 

c = 11.9313(6) Å  = 77.696(2)°.

Volume 969.02(8) Å3

Z 2 

S5
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Density (calculated) 1.280 Mg/m3

Absorption coefficient 0.176 mm-1

F(000) 396 

Crystal size 0.200 x 0.120 x 0.060 mm3

Theta range for data collection 2.483 to 25.999°. 

Index ranges -11<=h<=11, -12<=k<=12, -14<=l<=13

Reflections collected 16343 

Independent reflections 3793 [R(int) = 0.0667] 

Completeness to theta = 25.242° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.4652 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3793 / 83 / 270 

Goodness-of-fit on F2 1.023 

Final R indices [I>2sigma(I)] R1 = 0.0549, wR2 = 0.1272 

R indices (all data) R1 = 0.0844, wR2 = 0.1493 

Extinction coefficient 0.050(7) 

Largest diff. peak and hole 0.244 and -0.215 e.Å-3

CCDC 2175608. For detailed crystallographic data, please refer to the Cambridge 

Crystallographic Data Centre at http://ccdc.cam.ac.uk. 

3. Copies of NMR Spectrum
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