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1. Details of Reaction Conditions Study

Table 1. Screening of solventsa
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OH O OH

N
H
N
Boc

Boc

F1) 2)

1d 2a

4d

1)cat. 3d (20 mol %), solvent, 25oC
2)PCC, Celite, CH2Cl2, 40oC N

H
OH

O

3d

O O

N
H
N
Boc

Boc

F

5d

Entry Solvent Time[h]b ee[%]c
4d

Yield[%]d
total

1 CH3OH 6 17 78.3

2 CH2Cl2 24 88 81.2

3 DMSO 2 30 73.4

4 DMF 6 80 70

5 CH3CN Overnight 93 87.1

6e CH3CN/H2O
(9:1) -- -- --

7f Et2O -- -- --

 [a] Unless otherwise specified, all reactions were carried out using 1d (0.10 mmol, 1.0 equiv), 2a (0.12 mmol, 1.2 

equiv) in solvent (0.2 mL) with cat. 3d (20 mol %) at 25 oC. After workup, the crude product was oxidized by PCC 

to afford 4d and 5d after purified by flash chromatography on silica gel. [b] For the first step. [c] Determined by 

Chiral HPLC analysis. [d] Total yield of 4d and 5d. [e] The reaction was too slow. [f] No reaction.
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2. The kinetic resolution experiment

O OH PCC, celite

CH2Cl2, 40oC

O O

rac-6

O
O
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2BCl

THF, - 25oC
12h

OH
O

O

O
O

6

CF3COOH
CH2Cl2

1a

In order to explore if there was kinetic resolution in this reaction process. First, we got the racemic and chiral 

product of 6. The racemic modification of 6 (rac-6) was obtained by PCC oxidation of 1a. The chiral product of 6 

whose ee is 97% was obtained through the literature method.1 And their HPLC Traces are shown below.

1. P. V. Ramachandran, S. Pitre, H. C. Brown, J. Org. Chem. 2002, 67, 5315-5319.
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purified by column
chromatography
on a silica gel
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the unreacted 1aquenched after 2, 4, 6, 8h
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We carried out Several parallel reactions between 1a (16.4mg, 0.1mmol) and 2a (27.6mg, 0.12mmol) in CH3CN in 

the presence of 3d (2.3mg, 20 mol%). As the reaction was completed after 9 hours, we quenched these reactions 

after 2 h, 4 h, 6 h, and 8 h, respectively, and the unreacted 1a remained in the reaction solution was isolated and 

directly oxidized into lactone 6 with PCC. After purified by flash chromatography on silica gel, the product was 

O
O

6
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analyzed by chiral HPLC. Notable kinetic resolution was achieved and the enantiomeric excess of 6 was increased 

along with longer reaction time until the reaction was complete. The enantiomeric excess and yield of 6 are shown 

below.

Time 2 h 4 h 6 h 8 h

ee [%] 10 15 25 34

Yield of 6 49.4%
 (8.0 mg)

34.6%
(5.6 mg)

19.8%
(3.2 mg)

<6.2%
(<1 mg)

O
O

6
( quenched after 2 h )
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3. 1H NMR spectra of 4a in other D-Substituted Solvents

As we found the splitting in the 1H NMR spectra of 4 and 5 was not showing well 

when CDCl3 was used as the solvent. We then tried other D-substituted solvents, such 

as (CD3)2SO @ 2.50 ppm 1H NMR, CD3CN @ 1.94 ppm 1H NMR, (CD3)2CO @ 2.05 

ppm 1H NMR, CD3OD @ 3.31 ppm 1H NMR, however, the similar results were 

observed. 
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4. NMR spectra and HPLC Traces
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5. Single Crystal X-Ray Diffraction Data 
Single crystal X-ray structure (ORTEP) of 9. 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 

1436994.

Crystal data and structure refinement for 9 

Bond precision: C-C = 0.0060 A Wavelength=1.54184
Cell: a=8.1994(5) b=5.9821(4) c=13.9212(9)

alpha=90 beta=93.572(6) gamma=90
Temperature: 293 K

Calculated Reported
Volume 681.50(8) 681.50(7)
Space group P 21 P21
Hall group P 2yb ?
Moiety formula C10 H13 N2 O2, C2 F3 O2 ?
Sum formula C12 H13 F3 N2 O4 C12 H13 F3 N2 O4
Mr 306.24 306.24
Dx,g cm-3 1.492 1.492
Z 2 2
Mu (mm-1) 1.216 1.216
F000 316.0 316.0
F000' 317.34
h,k,lmax 9,7,16 9,7,16
Nref 2427[ 1340] 2310
Tmin,Tmax 0.864,0.875 0.868,0.878
Tmin' 0.864
Correction method= # Reported T Limits: Tmin=0.868 Tmax=0.878 AbsCorr = 
MULTI-SCAN
Data completeness= 1.72/0.95 Theta(max)= 67.230
R(reflections)= 0.0547( 1962) wR2(reflections)= 0.1662( 2310)
S = 1.046 Npar= 192
Single crystal X-ray structure (ORTEP) of 11. 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 

1437043.

(S)
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O

HN NH3
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O
F
F
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Crystal data and structure refinement for 11 

Bond precision: C-C = 0.0043 A Wavelength=1.54184
Cell: a=5.4617(3) b=8.2109(5) c=23.4585(11)

alpha=90 beta=90 gamma=90
Temperature: 293 K

Calculated Reported
Volume 1052.01(10) 1052.01(10)
Space group P 21 21 21 P212121
Hall group P 2ac 2ab ?
Moiety formula C11 H12 N2 O3 ?
Sum formula C11 H12 N2 O3 C11 H12 N2 O3
Mr 220.23 220.23
Dx,g cm-3 1.390 1.390
Z 4 4
Mu (mm-1) 0.857 0.857
F000 464.0 464.0
F000' 465.55
h,k,lmax 6,9,28 6,9,28
Nref 1892[ 1140] 1882
Tmin,Tmax 0.934,0.942 0.935,0.942
Tmin' 0.934
Correction method= # Reported T Limits: Tmin=0.935 Tmax=0.942 AbsCorr = 
MULTI-SCAN
Data completeness= 1.65/0.99 Theta(max)= 67.240
R(reflections)= 0.0457( 1531) wR2(reflections)= 0.1229( 1882)
S = 1.046 Npar= 146

(S)
(R)

(R)O

N

O

NH2

O

11


