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1. NMR Spectra
1.1 NMR Spectra of Aldol product 3a-o
1.1.1 1H-NMR and 13C-NMR of compound-3a
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1.1.2 1H-NMR and 13C-NMR for compound-3b
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1.1.3 1H-NMR and 13C-NMR for compound-3c
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1.1.4 1H-NMR and 13C-NMR for compound-3d
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1.1.5 1H-NMR and 13C-NMR for compound-3e
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1.1.6 1H-NMR and 13C-NMR for compound-3f
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1.1.7 1H-NMR and 13C-NMR for compound-3g
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1.1.8 1H-NMR and 13C-NMR for compound-3h
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1.1.9 1H-NMR and 13C-NMR for compound-3i



Electronic Supplementary Information (ESI)

S11

1.1.10 1H-NMR and 13C-NMR for compound-3j
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1.1.11 1H-NMR and 13C-NMR for compound-3k



Electronic Supplementary Information (ESI)

S13

1.1.12 1H-NMR and 13C-NMR for compound-3l
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1.1.13 1H-NMR and 13C-NMR for compound-3m
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1.1.14 1H-NMR and 13C-NMR for compound-3n
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1.1.15 1H-NMR and 13C-NMR for compound-3o
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1.1.16 1H-NMR and 13C-NMR for compound-3p



Electronic Supplementary Information (ESI)

S18

1.1.17 1H-NMR and 13C-NMR for compound-3q
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1.1.18 1H-NMR and 13C-NMR for compound-3r
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1.1.19 1H-NMR and 13C-NMR for compound-3s
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1.2 NMR Spectra of spiro-compound 6a-l
1.2.1 1H-NMR and 13C-NMR for spiro-compound-6a



Electronic Supplementary Information (ESI)

S22

1.2.2 1H-NMR and 13C-NMR for spiro-compound-6b



Electronic Supplementary Information (ESI)

S23

1.2.3 1H-NMR and 13C-NMR for Spiro-compound-6c
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1.2.4 1H-NMR and 13C-NMR for Spiro-compound-6d



Electronic Supplementary Information (ESI)

S25

1.2.5 1H-NMR and 13C-NMR for Spiro-compound-6e
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1.2.6 1H-NMR and 13C-NMR for Spiro-compound-6f
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1.2.7 1H-NMR and 13C-NMR for Spiro-compound-6g
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1.2.8 1H-NMR and 13C-NMR for Spiro-compound-6h
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1.2.9 1H-NMR and 13C-NMR for Spiro-compound-6i
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1.2.10 1H-NMR and 13C-NMR for Spiro-compound-6j
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1.2.11 1H-NMR and 13C-NMR for Spiro-compound-6k
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1.2.12 1H-NMR and 13C-NMR for Spiro-compound-6l



Electronic Supplementary Information (ESI)

S33

2. HPLC analysis
2.1 HPLC analysis of aldol product 3a-o 
2.1.1 HPLC analysis of aldol product 3a
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2.1.2 HPLC analysis of aldol product 3b
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2.1.3 HPLC analysis of aldol product 3c
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2.1.4 HPLC analysis of aldol product 3d
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2.1.5 HPLC analysis of aldol product 3e
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2.1.6 HPLC analysis of aldol product 3f
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2.1.7 HPLC analysis of aldol product 3g
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2.1.8 HPLC analysis of aldol product 3h
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2.1.9 HPLC analysis of aldol product 3i
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2.1.10 HPLC analysis of aldol product 3j
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2.1.11 HPLC analysis of aldol product 3k
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2.1.12 HPLC analysis of aldol product 3l
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2.1.13 HPLC analysis of aldol product 3m
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2.1.14 HPLC analysis of aldol product 3n



Electronic Supplementary Information (ESI)

S47

2.1.15 HPLC analysis of aldol product 3o
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2.1.16 HPLC analysis of aldol product 3p
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2.1.17 HPLC analysis of aldol product 3q
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2.1.18 HPLC analysis of aldol product 3r
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2.1.19 HPLC analysis of aldol product 3s
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2.2 HPLC analysis of spiro-compound 6a-l
2.2.1 HPLC analysis of spiro-compound 6a
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2.2.2 HPLC analysis of spiro-compound 6b
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2.2.3 HPLC analysis of spiro-compound 6c
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2.2.4 HPLC analysis of spiro-compound 6d
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2.2.5 HPLC analysis of spiro-compound 6e
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2.2.6 HPLC analysis of spiro-compound 6f
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2.2.7 HPLC analysis of spiro-compound 6g
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2.2.8 HPLC analysis of spiro-compound 6h
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2.2.9 HPLC analysis of spiro-compound 6i
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2.2.10 HPLC analysis of spiro-compound 6j
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2.2.11 HPLC analysis of spiro-compound 6k
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2.2.12 HPLC analysis of spiro-compound 6l
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3. X-Ray structure determinations 
The crystal of Aldol product 3a was immersed in cryo-oil, mounted in a loop, and measured at 

a temperature of 120 K. The X-ray diffraction data was collected on a Rigaku Oxford 

Diffraction Supernova diffractometer using Cu Kα radiation. The CrysAlisPro1 software 

package was used for cell refinement and data reduction. A Multi-scan, absorption correction 

(CrysAlisPro1) was applied to the intensities before structure solution. Structure was solved by 

intrinsic phasing (SHELXT2) method. Structural refinement was carried out using SHELXL3 

software with SHELXLE4 graphical user interface. The structure contained 0.167 molecules of 

H2O per each organic molecule. The oxygen atom of H2O was located on a two-fold rotation 

axis. The H2O and NH hydrogen atoms were located from the difference Fourier map and 

refined isotropically. Other hydrogen atoms were positioned geometrically and constrained to 

ride on their parent atoms, with C-H = 0.95 – 0.99 Å and Uiso = 1.2-1.5·Ueq(parent atom). The 

crystallographic details are summarized in Table 7.

Table 7. Crystal Data.

3f

CCDC 2143162

empirical formula C11H10.33N2O5.17

fw 253.21

temp (K) 120(2) 

(Å) 1.54184 

cryst syst Monoclinic

space group C2/c

a (Å) 20.0082(4) 

b (Å) 9.9146(2) 

c (Å) 11.4233(2) 

 (deg) 

V (Å3) 2242.24(8)

Z 8

calc (Mg/m3) 1.500

(Mo K) (mm-1) 1.039

No. reflns. 15099

Unique reflns. 2362

Completeness to =67.684° 100%

GOOF (F2) 1.047

Rint 0.0278

R1
a (I  2) 0.0398
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wR2
b (I  2) 0.1038

a R1 = ||Fo| – |Fc||/|Fo|.  bwR2 = {[w(Fo
2 – Fc

2)2]/ [w(Fo
2)2]}1/2
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