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1. General Information 

All chemicals were obtained from commercial sources and were used as received unless otherwise 

noted. All the reactions were carried out in an argon-filled glove box. The 
1
H NMR spectra were 

recorded on a 400 MHz or 600 MHz NMR spectrometer. The 
13

C NMR spectra were recorded at 100 

MHz or 150 MHz. The 
19

F NMR spectra were recorded at 376 MHz or 565 MHz. Chemical shifts were 

expressed in parts per million (δ) downfield from the internal standard tetramethylsilane (TMS), and 

were reported as s (singlet), d (doublet), t (triplet), dd (doublets of doublet), dt (doublets of triplet), and 

m (multiplet). The residual solvent signals were used as references and the chemical shifts were 

converted to the TMS scale (CDCl3: δ H = 7.26 ppm, δ C = 77.16 ppm). The coupling constants J were 

given in Hz. High resolution mass spectra (HRMS) were obtained via ESI mode by using a MicroTOF 

mass spectrometer. The conversion of starting materials was monitored by thin layer chromatography 

(TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and components were visualized by 

observation under UV light (254 and 365 nm). X-ray measurements were performed on a Bruker D& 

Advance X-ray powder diffractometer with graphite monochromatized Cu Kα radiation at 293 K.  

Column chromatography was performed on silica gel 200-300 mesh. The enantiomeric excess (ee) of 

the products were determined by high-performance liquid chromatography (HPLC) with a chiral 

stationary phase in comparison with the authentic racemate sample. All the chiral stationary phases 

including Chiralcel AD-H, IC-H, OD-H used in this study were purchased from Daicel Chirsal 

Technologies. Optical rotations were reported as follows: [α] D 
T
 = (c: g/100 mL, in CDCl3). 

Chiral rhodium catalysts
[1] 

and diazo carbonyl compounds
[2]

 were prepared according to published 

procedures. Other chemicals were purchased from commercial suppliers and were dried and purified 

when necessary. 
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2. General Procedure for the Preparation of Substrates 

Synthesis of Oxime Esters  

 

According to literature reports,
[3]

 a mixture of ketone (20 mmol), NH2OH·HCl (30 mmol, 2.1 g), 

and NaOAc (50 mmol, 4.1 g) in ethanol (15 mL) and water (50 mL) was placed into a 100 mL 

round-bottomed flask with a reflux condenser. Then the reaction flask was heated to 95 
o
C and the 

reaction progress was monitored by TLC. After full conversion, the mixture was cooled to 0 
o
C. After 

cooling, the precipitate was filtered with suction, and the crude product was washed with cold water 

and dried under vacuum. Recrystallization of the crude product with ethanol gives the pure ketone 

oxime in nearly quantitative yields, which was dissolved in anhydrous dichloromethane (40 mL) and 

cooled to 0 
o
C. after the addition of Et3N (3.03 g, 30 mmol), a solution of pivaloyl chloride (2.41 g, 20 

mmol) in 10 mL of dichloromethane was added dropwise at 0 
o
C. the mixture was stirred at room 

temperature for 50 min and quenched with water. the aqueous layer was extracted with 

dichloromethane three times and the combined organic layers were washed with saturated NaHCO3 and 

the brine. It was then dried over MgSO4 and evaporated under reduced pressure. The purification was 

made by flash column chromatography to give the oxime ester. 
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3. Experimental Section 

(1) Tables of the Optimization of Reaction Conditions 

Table S1: Optimization of the reaction conditions of synthesis of (R)-3.
a
 

 

Entry Additive Solvent Yield [%]
b

 ee [%] 

1 Li2CO3 DCE 82 86 

2c Li2CO3 DCE 83 90 

3d Li2CO3 DCE 81 83 

aReaction Conditions: 1a (0.06 mmol), 2a (0.05 mmol), (R)-Rh1 (5 mol%), AgSbF6 (20 mol%), additive (1.0 

equiv), solvent (1 mL), under Ar for 24 h, bisolated yield, c(R)-Rh2 was used, d(R)-Rh3 was used. 

Table S2: Optimization of the reaction solvents of synthesis of (R)-3.
a
 

 

Entry Solvent Yield [%]
b

 ee [%] 

1 DCE 83 90 

2 PhCl  72 89 

3 THF  NR - 

4 MeOH  NR - 

5 1,4-Dioxane  NR - 

6 CH3CN  NR - 

7 Acetone  NR - 

8 EtOAc  80 80 

9 Ether  81 87 

10 PhMe  80 84 
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11 DCM  78 79 

12 TFE  65 75 

13 CHCl3  75 79 

14 CCl4  NR - 

aReaction Conditions: 1a (0.06 mmol), 2a (0.05 mmol), (R)-Rh2 (5 mol%), AgSbF6 (20 mol%), additive (1.0 

equiv), solvent (1 mL), under Ar for 24 h, bisolated yield. 

Table S3: Optimization of the reaction temperatures of synthesis of (R)-3.
a 

 

Entry Temperature [oC] Yield [%]
b

 ee [%] 

1 40  83 90 

2 25  83 90 

3c 10  84 91 

4c 0  75 92 

5c -20  73 91 

aReaction Conditions: 1a (0.06 mmol), 2a (0.05 mmol), (R)-Rh2 (5 mol%), AgSbF6 (20 mol%), additive (1.0 

equiv), solvent (1 mL), under Ar for 24 h, bisolated yield, c Under Ar for 48 h 

Table S4: Optimization of the reaction additives of synthesis of (R)-3.
a 

 

Entry Additive Yield [%]
b

 ee [%] 

1 Li2CO3 84 91 

2 LiOAc 72 88 

3 K2CO3 50 90 

4 Na2CO3  55 90 

5 Cs2CO3  NR - 

6 NaOAc 75 88 

7 CsOAc NR - 
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8 HOAc 80 84 

9 PivOH 81 89 

10 Zn(OTf)2 75 88 

11 Zn(OAc)
2
 78 85 

12 - 83 91 

13c - 85 91 

aReaction Conditions: 1a (0.06 mmol), 2a (0.05 mmol), (R)-Rh2 (5 mol%), AgSbF6 (20 mol%), additive (1.0 

equiv), solvent (1 mL), under Ar for 48 h, b isolated yield, c(R)-Rh2 (4 mol%), AgSbF6 (16 mol%) were used. 

(2) General procedures for the synthesis of products 3 - 51 

 

A mixture of 1 (0.12 mmol), 2 (0.1 mmol), (R)-Rh2 (4 mol%), AgSbF6 (16 mol%) were weighted 

in a pressure tube equipped with a stir bar. DCE (2 mL) was added and the mixture was stirred at 10 
o
C 

for 48 h under dry Ar atmosphere. Afterwards, it was evaporated under reduced pressure and the 

residue was adsorbed onto small amounts of silica. The purification was performed by flash column 

chromatography on silica gel (eluent: EtOAc/petroleum ether = 1:1). 

(3) Diversification of the Products 

(a) Scale-up Synthesis 

 
A mixture of 1a (4.4 mmol, 0.96 g), 2a (4.0 mmol, 1.05 g), [RhCp*Cl2]2 (2.5 mol%, 61.8 mg), 

AgSbF6 (10 mol%, 137.4 mg) were weighted in a pressure tube equipped with a stir bar. DCE (40 mL) 

was added and the mixture was stirred at 80 
o
C for 12 h under dry Ar atmosphere. Afterwards, it was 

evaporated under reduced pressure, and the residue was purified by silica gelchromatography using 

EtOAc/petroleum ether = 1:1 to afford rac-3 (1.22 g, 87%). 

 

A mixture of 1a (1.2 mmol, 262.9 mg), 2a (1.0 mmol, 263.1 mg), (R)-Rh2 (4 mol%, 53 mg), 

AgSbF6 (16 mol%, 55 mg) were weighted in a pressure tube equipped with a stir bar. DCE (20 mL) 

was added and the mixture was stirred at 10 
o
C for 48 h under dry Ar atmosphere. Afterwards, it was 

evaporated under reduced pressure, and the residue was purified by silica gelchromatography using 
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EtOAc/petroleum ether = 1:1 to afford 3 (301.2 mg, 85%, 91% ee). 

 

(b) Synthetic Transformation 

 

To a solution of 3 (91% ee, 35.2 mg, 0.10 mmol) in CH2Cl2 (2.0 mL) was added 

m-chloroperoxybenzoic acid (41 mg, 0.20 mmol) at 0 °C. The reaction mixture was stirred at room 

temperature for 24 hours. Then the reaction mixture was quenched with saturated Na2CO3 aqueous 

solution and extracted with CH2Cl2 (4×20 mL). The combined organic layers were washed with brine, 

dried over Na2SO4 and filtrated. The solvent was removed under reduced pressure and the residue was 

purified by preparative TLC (EtOAc/petroleum ether = 2:1) to afford product 51 as a yellow solid (23.4 

mg, 61% yield). 

 

To a solution of 3 (91% ee, 35.2 mg, 0.10 mmol) in MeOH (2.0 mL) was added 10 mol % Pd/C 

(42.0 mg, 10 mol%). The mixture was stirred overnight under 1 atm of hydrogen at room temperature 

and filtered through a pad of silica, and the solvent was removed in vacuo. The residue was purified by 

silica gel chromatography (EtOAc/petroleum ether = 1:2) to give the 52 (31.2 mg (d.r = 4:1), 88% yield, 

85% ee). 
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To a stirred suspension of 3 (35.2 mg, 0.10 mmol) in anhydrous ethanol (2.0 mL) was added 

NaBH4 (3.0 mg, 0.08 mmol) at room temperature. After stirring for 12 h at the same temperature, the 

reaction was quenched with H2O and extracted with dichloromethane. The extract was washed with 

brine and then dried over anhydrous Na2SO4. The solvent was evaporated in vacuo and the residue was 

purified by chromatography on silica gel (EtOAc/petroleum ether = 1:2) to afford 53 (16.3 mg, 55%). 

(4) Mechanistic Studies 

(a) H/D Exchange experiment 

 

Procedures for H/D Exchange Studies in the absence of 2a: A mixture of arene 1a (0.1 mmol), 

(R)-Rh2 (4 mol%), AgSbF6 (16 mol%) were weighted in a pressure tube equipped with a stir bar. DCE 

(2 mL) and D2O (10 equiv) were added and the mixture was stirred at 10 
o
C for 4 h under Ar 

atmosphere. Afterwards, it was evaporated under reduced pressure and the residue was adsorbed onto 

small amounts of silica. The purification was performed by flash column chromatography on silica gel 

(EtOAc/petroleum ether = 1:1). 
1
H NMR analysis indicated 10% deuteration at the ortho position of 

the phenyl.  
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Procedures for H/D Exchange Studies in the Presence of 2a: A mixture of arene 1a (0.12 mmol), 2a 

(0.1 mmol), (R)-Rh2 (4 mol%), AgSbF6 (16 mol%) were weighted in a pressure tube equipped with a 

stir bar. DCE (2 mL) and D2O (10 equiv) were added and the mixture was stirred at 10 
o
C for 4 h under 

Ar atmosphere. Afterwards, it was evaporated under reduced pressure and the residue was adsorbed 

onto small amounts of silica. The purification was performed by flash column chromatography on 

silica gel (EtOAc/petroleum ether = 1:1). The ratio was determined by 
1
H NMR. 
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(d) KIE experiments 

 

 

Two pressure tubes each was charged with 1a (0.12 mmol, 1.2 equiv) or 1a-d5 (0.12 mmol, 1.2 

equiv) and a stir bar. To each tube was added 2a (0.1 mmol, 1.0 equiv), (R)-Rh2 (4 mol%), AgSbF6 (16 

mol%) were weighted in a pressure tube equipped with a stir bar. DCE (2 mL) was added and the 

mixture was stirred at 10 
o
C for 4 h under Ar atmosphere. The reaction tubes were quenched by cooling 

in ice-water. The two mixtures were rapidly evaporated under reduced pressure separately. The 

purification was performed by flash column chromatography on silica gel (EtOAc/petroleum ether = 

1:1), giving the mixed products 3/D4-3 in 26% yield. kH/kD = 0.69/0.31 = 2.2 was determined by 
1
H 

NMR spectroscopy. 
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4. X-Ray Crystal Structure of 44, 52 and 53.  

 

(CCDC 2069779) 

Table 1 Crystal data and structure refinement for 44. 

Identification code SLC-5-33-20210310 

Empirical formula C23H15BrN2O2 

Formula weight 431.28 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.46680(10) 

b/Å 12.02910(10) 

c/Å 18.2481(2) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 1858.53(3) 

Z 4 

ρcalcg/cm
3
 1.541 

μ/mm
-1

 3.192 

F(000) 872.0 

Crystal size/mm
3
 0.1 × 0.1 × 0.1 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/  8.804 to 142.854 

Index ranges -10 ≤ h ≤ 10, -14 ≤ k ≤ 14, -22 ≤ l ≤ 22 

Reflections collected 24553 
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Independent reflections 3613 [Rint = 0.0347, Rsigma = 0.0175] 

Data/restraints/parameters 3613/0/254 

Goodness-of-fit on F
2
 1.076 

Final R indexes [I>=2σ (I)] R1 = 0.0271, wR2 = 0.0731 

Final R indexes [all data] R1 = 0.0277, wR2 = 0.0736 

Largest diff. peak/hole / e Å
-3

 0.22/-0.36 

Flack parameter -0.026(6) 

 

 

(CCDC 2073889) 

Table 2 Crystal data and structure refinement for 52. 

Identification code SLC-20210326 

Empirical formula C23H20N2O2 

Formula weight 356.41 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P-1 

a/Å 8.5174(4) 

b/Å 10.7513(5) 

c/Å 10.7978(6) 

α/° 90.516(4) 

β/° 103.384(4) 

γ/° 98.725(4) 

Volume/Å
3
 949.80(8) 

Z 2 

ρcalcg/cm
3
 1.246 

μ/mm
-1

 0.639 

F(000) 376.0 
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Crystal size/mm
3
 0.2 × 0.1 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.33 to 142.976 

Index ranges -10 ≤ h ≤ 10, -13 ≤ k ≤ 13, -13 ≤ l ≤ 12 

Reflections collected 6678 

Independent reflections 3614 [Rint = 0.0196, Rsigma = 0.0279] 

Data/restraints/parameters 3614/0/245 

Goodness-of-fit on F
2
 1.042 

Final R indexes [I>=2σ (I)] R1 = 0.0561, wR2 = 0.1589 

Final R indexes [all data] R1 = 0.0646, wR2 = 0.1664 

Largest diff. peak/hole / e Å
-3

 0.72/-0.38 

 

 

(CCDC 2073891) 

Table 3 Crystal data and structure refinement for 53. 

Identification code SLC-20210329 

Empirical formula C18H15NO3 

Formula weight 293.31 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P-1 

a/Å 7.4610(5) 

b/Å 10.2760(5) 

c/Å 11.7263(8) 

α/° 70.212(5) 

β/° 73.352(6) 

γ/° 70.063(5) 
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Volume/Å
3
 780.25(9) 

Z 2 

ρcalcg/cm
3
 1.248 

μ/mm
-1

 0.695 

F(000) 308.0 

Crystal size/mm
3
 0.2 × 0.1 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.168 to 143.176 

Index ranges -9 ≤ h ≤ 8, -10 ≤ k ≤ 12, -14 ≤ l ≤ 14 

Reflections collected 6371 

Independent reflections 2972 [Rint = 0.0179, Rsigma = 0.0236] 

Data/restraints/parameters 2972/0/202 

Goodness-of-fit on F
2
 1.045 

Final R indexes [I>=2σ (I)] R1 = 0.0552, wR2 = 0.1509 

Final R indexes [all data] R1 = 0.0619, wR2 = 0.1588 

Largest diff. peak/hole / e Å
-3

 0.33/-0.25 
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5. Possible Reaction Pathway. 
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6. Computational Methods  

All calculations were performed by the Gaussian 16 program suite 
[4]

. Density functional theory (DFT) 

was performed employing with the B3LYP 
[5-7]

 functional including the D3 version of Grimme’s 

empirical dispersion correction with Becke−Johnson damping 
[8]

. The SDD basis set with the 

associated effective core potential was carried out employing for Rh, and the standard 6-31G(d) basis 

set for H, C, N, and O atoms. Optimizations were conducted without any constraint. Frequency 

analysis was used to determine that each structure is a local minimum with no imaginary frequency. 

The energies were further estimated by single-point calculations using the 

B3LYP-D3(BJ)/def2-TZVPP 
[9]

 theoretical level. In order to be consistent with the experiment, all 

optimizations and energy calculations were conducted using the SMD solvation model 
[10]

 in 

dichloroethane (ε=10.125). The Gibbs free energy including the single-point corrections is used for the 

structural assessment. 

Cartesian coordinates of all the structures 

A Structure 

--------------------------------------------------------------------------------------  

C                 -0.73823900   -0.24421300   -1.83785700 

 C                 -0.63905700    0.87184000   -0.89945800 

 C                  0.46325500    1.63736000   -1.26601500 

 C                  1.15683400    0.98033700   -2.36047900 

 C                  0.34755800   -0.16416400   -2.72437400 

 C                 -1.89919100   -1.18798400   -2.00968200 

 C                 -1.60348800    1.17532200    0.21021600 

 C                 -7.55412300    1.24930700   -2.54957200 

 C                 -7.26999100   -0.06877300   -2.12009100 

 C                 -6.08099800   -0.34948200   -1.48056600 

 C                 -5.12288000    0.67045800   -1.23847100 

 C                 -5.40409500    2.00047400   -1.68588400 

 C                 -6.63988200    2.25847300   -2.33846900 

 C                 -3.87450300    0.42071000   -0.57891000 

 C                 -2.96390100    1.44474200   -0.39487400 

 C                 -3.24727400    2.76662100   -0.87319600 

 C                 -4.45183100    3.03559000   -1.48707600 

 C                 -3.53680300   -0.95547800   -0.09836500 

 C                 -4.18019700   -1.46329300    1.07723100 

 C                 -3.85587600   -2.78473600    1.51580600 

 C                 -2.89659000   -3.54897700    0.80450700 

 C                 -2.24659900   -3.01837500   -0.28876300 

 C                 -2.58206600   -1.70730300   -0.76170300 

 C                 -5.11285400   -0.70265100    1.83197700 

 C                 -5.70866400   -1.22660900    2.95949200 
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 C                 -5.39709700   -2.53986700    3.38553200 

 C                 -4.49081800   -3.29975100    2.67888700 

 O                 -2.23449200    3.64381000   -0.64158100 

 C                 -2.18190900    5.00046800   -1.14551700 

 O                 -1.26541000   -3.62801100   -1.00682200 

 C                 -0.86393900   -5.00960000   -0.82874900 

 H                  0.77979300    2.55022200   -0.78060800 

 H                  1.92235300    1.43207200   -2.97756000 

 H                  0.52887500   -0.82939400   -3.55825400 

 H                 -1.57285800   -2.02760500   -2.62547500 

 H                 -2.64331400   -0.63382200   -2.59884600 

 H                 -1.65228800    0.32888200    0.89518000 

 H                 -1.24789200    2.04538700    0.76379600 

 H                 -8.49401400    1.46258100   -3.05130500 

 H                 -7.99160000   -0.86137800   -2.29635300 

 H                 -5.86492600   -1.36125000   -1.15496300 

 H                 -6.84841800    3.27198200   -2.67218300 

 H                 -4.69861300    4.02624100   -1.84251400 

 H                 -2.67741900   -4.54319900    1.16461800 

 H                 -5.35009500    0.30617600    1.51271000 

 H                 -6.41786000   -0.62938400    3.52549900 

 H                 -5.87192900   -2.94555900    4.27465600 

 H                 -4.24076300   -4.30678700    3.00384600 

 H                 -1.18255700    5.30018500   -0.81634600 

 H                 -0.07085200   -5.08690100   -1.57851600 

 Rh                 1.80106100   -0.41738000   -0.86079600 

 C                  3.03165400   -1.49599500   -2.01720700 

 C                  3.29153200   -2.80099800   -1.52487700 

 C                  2.81015500   -3.09926800   -0.17880600 

 N                  2.05741900   -2.15626400    0.31061600 

 C                  3.58525700   -1.10930600   -3.23642000 

 C                  4.38086500   -2.00510600   -3.96078100 

 C                  4.63247000   -3.29296900   -3.47822200 

 C                  4.09328100   -3.69135900   -2.25829700 

 H                  3.41668300   -0.11365600   -3.63206900 

 H                  4.80779500   -1.68997800   -4.90908400 

 H                  5.25281000   -3.97858400   -4.04673700 

 H                  4.30399700   -4.68241600   -1.86942600 

 O                  1.80892200   -2.27098200    1.68410900 

 C                  0.56833100   -1.81741200    2.09851100 

 O                 -0.28678200   -1.48301500    1.32270900 

 C                  0.44415600   -1.89587600    3.61382800 
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 C                 -0.73285900   -1.00485000    4.03777700 

 H                 -1.66399500   -1.32113600    3.56019000 

 H                 -0.86154900   -1.06913200    5.12339800 

 H                 -0.54881600    0.04156800    3.77332400 

 C                  1.73925000   -1.44128100    4.30878000 

 H                  2.58182300   -2.09423400    4.06367600 

 H                  1.99804900   -0.41701400    4.02235300 

 H                  1.59115800   -1.46867900    5.39376500 

 C                  0.13761000   -3.37110500    3.96180400 

 H                 -0.78005700   -3.70735700    3.46766900 

 H                  0.95786700   -4.03344500    3.66593900 

 H                 -0.00287200   -3.46226400    5.04433400 

 C                  3.23356300   -4.31670500    0.57488100 

 H                  2.70670000   -4.41377300    1.52186100 

 H                  3.05445500   -5.20884800   -0.03268800 

 H                  4.31123700   -4.26284000    0.77130700 

 C                 -2.20313200    5.06193100   -2.67024600 

 H                 -3.18802200    4.85435000   -3.09510200 

 H                 -1.90467200    6.06703200   -2.98861800 

 H                 -1.48647900    4.34488100   -3.08576300 

 C                 -3.18552700    5.91728000   -0.45188600 

 H                 -2.93826000    6.95907100   -0.68554700 

 H                 -4.21741500    5.73941800   -0.76551700 

 H                 -3.12402200    5.78696700    0.63375100 

 C                 -1.97577600   -5.97972800   -1.21555800 

 H                 -1.57325500   -6.99873300   -1.23718500 

 H                 -2.80975600   -5.96112000   -0.50892300 

 H                 -2.35933600   -5.74042700   -2.21296000 

 C                 -0.23205600   -5.29202900    0.53611400 

 H                  0.43452400   -6.15640800    0.44385300 

 H                  0.36127000   -4.43605900    0.86254400 

 H                 -0.96204400   -5.52401100    1.31466700 

 C                  3.14010500    0.55183200    0.08120500 

 C                  2.52519000    1.48404200    1.08694200 

 N                  2.97742500    2.80454900    1.06818100 

 C                  4.26043900    3.12842100    0.59428000 

 C                  5.10929700    1.98049000    0.16594300 

 C                  4.56730000    0.68030700   -0.04471000 

 C                  6.46065600    2.22106800   -0.06117900 

 C                  7.30487200    1.17137800   -0.43026700 

 C                  6.79404700   -0.11995300   -0.59521100 

 C                  5.43544000   -0.36216500   -0.43022700 
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 O                  4.65928800    4.27991300    0.60196000 

 O                  1.66237100    1.09403600    1.85945200 

 C                  2.16200300    3.82868900    1.67627400 

 C                  1.97455200    3.84691600    3.05760400 

 C                  1.14326600    4.81863800    3.61685600 

 C                  0.51597900    5.76252600    2.80019700 

 C                  0.72121600    5.74066600    1.41830700 

 C                  1.54452900    4.76851600    0.84965700 

 H                  6.84403700    3.22699400    0.06619600 

 H                  8.36237500    1.36141900   -0.58387300 

 H                  7.45501500   -0.93689200   -0.86578000 

 H                  5.04411400   -1.35888400   -0.56616900 

 H                  2.46875700    3.10986700    3.68052800 

 H                  0.98642400    4.83595500    4.69107100 

 H                 -0.13088100    6.51571100    3.24014500 

 H                  0.23947300    6.47638200    0.78166200 

 H                  1.70972100    4.73365900   -0.22237600 

-------------------------------------------------------------------------------------- 

# of imaginary frequencies= 0 

 

B Structure 

--------------------------------------------------------------------------------------  

C                 -1.11193500    0.68863900   -1.60733700 

 C                 -1.18688500    1.66868500   -0.52401700 

 C                 -0.09328300    2.53052400   -0.65636800 

 C                  0.72131300    2.09330000   -1.76443100 

 C                  0.01018300    1.00000700   -2.39124900 

 C                 -2.08884700   -0.41304100   -1.93275300 

 C                 -2.23750000    1.74056200    0.54747900 

 C                 -8.15222700    0.07180300   -1.75113100 

 C                 -7.44931000   -1.10522500   -1.39960200 

 C                 -6.17451100   -1.02433800   -0.88090400 

 C                 -5.54431400    0.23372900   -0.68447100 

 C                 -6.24861300    1.42233400   -1.05602400 

 C                 -7.56261900    1.30582400   -1.58511500 

 C                 -4.22176000    0.36479300   -0.14715700 

 C                 -3.64187400    1.61096400   -0.00002300 

 C                 -4.34655900    2.78950500   -0.40806000 

 C                 -5.62827000    2.69019200   -0.90705500 

 C                 -3.43144700   -0.86946600    0.15451100 

 C                 -3.70028200   -1.63537500    1.33180300 

 C                 -2.96965200   -2.84621600    1.55236200 
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 C                 -2.01511100   -3.26580200    0.59245200 

 C                 -1.77745500   -2.51571500   -0.53711600 

 C                 -2.45804400   -1.27752100   -0.74624400 

 C                 -4.64722900   -1.22400400    2.30801600 

 C                 -4.86595600   -1.97516400    3.44283400 

 C                 -4.15165200   -3.17971800    3.65352600 

 C                 -3.22487300   -3.60432300    2.72690300 

 O                 -3.63809300    3.93724700   -0.22802600 

 C                 -3.94163800    5.19364500   -0.88793200 

 O                 -0.84607200   -2.90976000   -1.47217600 

 C                 -1.18305200   -4.00040600   -2.38547100 

 H                  0.12647800    3.36691500   -0.00765800 

 H                  1.54087600    2.64746700   -2.20337300 

 H                  0.29252100    0.49439600   -3.30331600 

 H                 -1.64476700   -1.02721700   -2.71548400 

 H                 -2.99539000    0.04312400   -2.34749400 

 H                 -2.06166200    0.93477600    1.26055300 

 H                 -2.12641300    2.68764600    1.07928600 

 H                 -9.15733900   -0.00130700   -2.15716500 

 H                 -7.91695100   -2.07549400   -1.54077200 

 H                 -5.63928100   -1.92926900   -0.61517400 

 H                 -8.09378000    2.21343400   -1.86083700 

 H                 -6.18720200    3.56576600   -1.20545400 

 H                 -1.46904800   -4.18758500    0.75636500 

 H                 -5.19571600   -0.30137200    2.15102000 

 H                 -5.59060500   -1.64306900    4.18067200 

 H                 -4.33683500   -3.76653200    4.54870100 

 H                 -2.67507500   -4.52957200    2.87829300 

 H                 -3.04647700    5.77405200   -0.64387600 

 H                 -0.38280400   -3.92081400   -3.12710700 

 Rh                 1.22224000    0.35563400   -0.52331600 

 C                  2.31437600   -0.66948800   -1.85980300 

 C                  2.33188800   -2.06556300   -1.63668500 

 C                  1.78748200   -2.52005500   -0.36404400 

 N                  1.24904500   -1.56410400    0.33567900 

 C                  2.95809400   -0.13936000   -2.97359500 

 C                  3.59945200   -0.99572500   -3.87926900 

 C                  3.59732400   -2.37803900   -3.67680700 

 C                  2.96929100   -2.91431900   -2.55452400 

 H                  2.96411900    0.93102300   -3.15328800 

 H                  4.10160500   -0.57443100   -4.74597200 

 H                  4.09279100   -3.03486500   -4.38476500 
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 H                  2.98943800   -3.98601000   -2.38635500 

 O                  1.05966900   -1.93957700    1.67556300 

 C                  0.15730700   -1.22042900    2.40913200 

 O                 -0.57769700   -0.39482300    1.92489000 

 C                  0.28581700   -1.56504800    3.88716900 

 C                 -0.92237100   -0.97632400    4.62722400 

 H                 -1.85958200   -1.40909000    4.26525300 

 H                 -0.83191500   -1.19530100    5.69634100 

 H                 -0.97450700    0.10911700    4.50084000 

 C                  1.59166300   -0.90326200    4.38622600 

 H                  2.46848600   -1.31703700    3.87802400 

 H                  1.57342200    0.18044900    4.22315500 

 H                  1.69860400   -1.08469300    5.46111800 

 C                  0.35382700   -3.08907500    4.09403200 

 H                 -0.54290100   -3.57917300    3.70173500 

 H                  1.23171400   -3.52508500    3.60930000 

 H                  0.41544600   -3.30151100    5.16673200 

 C                  1.94891500   -3.90543600    0.16202600 

 H                  1.10504900   -4.18102700    0.79528500 

 H                  2.03978900   -4.62340900   -0.65302000 

 H                  2.86132400   -3.95857500    0.76980900 

 C                 -4.00591300    5.05406300   -2.40578200 

 H                 -4.90452400    4.53401700   -2.74689700 

 H                 -4.00382300    6.05353500   -2.85444200 

 H                 -3.12788900    4.51174400   -2.77363000 

 C                 -5.13651700    5.91363700   -0.26625700 

 H                 -5.12663700    6.96079200   -0.58938400 

 H                 -6.09861600    5.48556500   -0.55929800 

 H                 -5.06383700    5.89362200    0.82621600 

 C                 -2.52920500   -3.78641400   -3.06781700 

 H                 -2.70173800   -4.59458400   -3.78696500 

 H                 -3.34877200   -3.80257200   -2.34114400 

 H                 -2.56114300   -2.83743200   -3.61092900 

 C                 -1.09440900   -5.36543500   -1.71089600 

 H                 -1.13705000   -6.14849200   -2.47665800 

 H                 -0.15262100   -5.47238200   -1.16446900 

 H                 -1.92621800   -5.52952400   -1.01883200 

 C                  2.73642500    0.93864700    0.46919800 

 C                  4.08312100    0.29631400    0.36949300 

 N                  5.15892600    1.18194100    0.19747900 

 C                  5.10946100    2.51561300    0.64261400 

 C                  3.87223400    2.91205800    1.36878800 
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 C                  2.70628900    2.10729600    1.31157200 

 C                  3.86235900    4.10415300    2.08655100 

 C                  2.72296000    4.47187300    2.80830000 

 C                  1.58498000    3.65790500    2.80181300 

 C                  1.56528600    2.49057900    2.04446000 

 O                  6.05697800    3.26801600    0.48894400 

 O                  4.24594700   -0.91048800    0.41918800 

 C                  6.40960100    0.63867400   -0.27413600 

 C                  6.48244200    0.17361900   -1.58656100 

 C                  7.67681500   -0.37796400   -2.05031000 

 C                  8.78822100   -0.45144500   -1.20731100 

 C                  8.70315600    0.02057100    0.10533700 

 C                  7.50889600    0.56263000    0.58050900 

 H                  4.74863400    4.72874900    2.08649900 

 H                  2.72807800    5.39072100    3.38591300 

 H                  0.71227300    3.93817000    3.38304400 

 H                  0.69408200    1.84673400    2.03635700 

 H                  5.60993500    0.23589900   -2.22821300 

 H                  7.73710500   -0.74672600   -3.06994400 

 H                  9.71879700   -0.87704400   -1.57115200 

 H                  9.56493000   -0.03737400    0.76350800 

 H                  7.42793600    0.92291300    1.60066100 

-------------------------------------------------------------------------------------- 

# of imaginary frequencies= 0 
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8. Characterization Data 

(R)-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (3). 

Colorless solid (29.9 mg, 85%, m.p. 227 - 228 
o
C). 

1
H NMR (600 MHz, CDCl3) δ 

8.37 (dd, J = 7.6, 1.5 Hz, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.54 – 7.37 (m, 7H), 7.34 (d, J 

= 7.5 Hz, 1H), 7.22 (d, J = 7.5 Hz, 2H), 6.80 – 6.72 (m, 1H), 2.69 (s, 3H). 
13

C NMR 

(150 MHz, CDCl3) δ 176.5, 168.4, 164.6, 153.2, 139.9, 136.3, 135.2, 134.5, 130.3, 

129.8, 129.33, 129.29, 129.1, 128.8, 128.4, 125.49, 125.47, 122.4, 121.8, 82.6, 16.9. HRMS (ESI-TOF) 

m/z: [M + H]
+ 

Calcd for C23H17N2O2
+
 353.1285, Found: 353.1276. Enantiomeric excess was 

determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, 

λ = 254 nm, t (minor) = 11.6 min, t (major) = 19.2 min, 91% ee; [α]D
25.6

 = +71.67 (c = 1.0, CHCl3). 

 

(R)-3,6-dimethyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione 

(4). Colorless solid (28.9 mg, 79%, m.p. 199 - 200 
o
C). 

1
H NMR (600 MHz, 

CDCl3) δ 8.37 (dd, J = 7.5, 1.6 Hz, 1H), 7.55 – 7.48 (m, 3H), 7.46 (t, J = 7.6 Hz, 

2H), 7.41 – 7.39 (m, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.22 (d, J = 7.5 Hz, 2H), 7.13 

(s, 1H), 6.79 (d, J = 7.1 Hz, 1H), 2.70 (s, 3H), 2.39 (s, 3H).
 13

C NMR (150 MHz, 

CDCl3) δ 177.2, 168.2, 164.5, 153.5, 141.9, 137.0, 136.0, 135.1, 134.6, 130.4, 129.9, 129.3, 129.2, 

128.8, 128.5, 125.6, 125.5, 122.53, 122.48, 81.9, 21.9, 16.8. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd 

for C24H19N2O2
+
 367.1441, Found: 367.1439. Enantiomeric excess was determined by HPLC with a 

Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 8.9 

min, t (major) = 13.8 min, 89% ee; [α]D
25.6

 = +120.60 (c = 1.0, CHCl3). 

 

(R)-6-ethyl-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-

dione (5). Colorless solid (32.8 mg, 86%, m.p. 178 - 179 
o
C).

 1
H NMR (400 

MHz, CDCl3) δ 8.42 – 8.34 (m, 1H), 7.59 – 7.49 (m, 3H), 7.48 – 7.44 (m, 2H), 

7.42 – 7.38 (m, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 7.3 Hz, 2H), 7.15 (s, 

1H), 6.81 – 6.79 (m, 1H), 2.71 – 2.65 (m, 5H), 1.21 (t, J = 7.6 Hz, 3H).
 13

C 

NMR (100 MHz, CDCl3) δ 177.0, 168.4, 164.6, 153.5, 148.0, 137.3, 136.2, 135.2, 134.6, 129.8, 129.3, 

129.2, 129.1, 128.8, 128.4, 125.6, 125.5, 122.5, 121.3, 82.1, 29.2, 16.9, 15.6. HRMS (ESI-TOF) m/z: 

[M + H]
+ 

Calcd for C25H21N2O2
+
 381.1598, Found: 381.1590. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 29.8 min, t (major) = 40.9 min, 89% ee; [α]D
25.6

 = +201.13 (c = 1.0, CHCl3). 

 

(R)-6-isopropyl-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'

(2'H)-dione (6). Brown solid (38.7 mg, 98%, m.p. 164 - 165 
o
C).

 1
H NMR (400 

MHz, DMSO–d6) δ 8.29– 8.27 (m, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.66 – 7.61 

(m, 2H), 7.55 – 7.50 (m, 4H), 7.47 – 7.43 (m, 1H), 7.32 (d, J = 7.4 Hz, 2H), 

6.79 – 6.77 (m, 1H), 3.04 – 2.98 (m, 1H), 2.68 (s, 3H), 1.21 – 1.18 (m, 6H).
 13

C 

NMR (100 MHz, DMSO–d6) δ 177.4, 168.2, 164.3, 153.6, 153.0, 137.5, 136.3, 135.9, 135.0, 129.6, 
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129.5, 129.3, 129.1, 128.9, 128.0, 126.1, 125.6, 123.6, 120.6, 81.5, 34.1, 24.4, 24.1, 16.8. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C26H23N2O4
+
 395.1754, Found: 395.1752. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 19.4 min, t (major) = 30.7 min, 87% ee; [α]D
25.6

 = +172.80 (c = 1.0, 

CHCl3). 

 

(R)-6-methoxy-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(

2'H)-dione (7). Purple solid (25.6 mg, 67%, m.p. 205 - 206 
o
C). 

1
H NMR (600 

MHz, CDCl3) δ 8.38 – 8.34 (m, 1H), 7.55 – 7.48 (m, 3H), 7.46 (t, J = 7.6 Hz, 

2H), 7.40 (t, J = 7.4 Hz, 1H), 7.23 (d, J = 7.5 Hz, 2H), 6.99 (dd, J = 8.4, 2.1 

Hz, 1H), 6.83 (d, J = 2.0 Hz, 1H), 6.80 – 6.77 (m, 1H), 3.79 (s, 3H), 2.65 (s, 

3H). 
13

C NMR (150 MHz, CDCl3) δ 176.2, 168.3, 164.5, 162.2, 155.4, 136.3, 135.1, 134.5, 132.7, 

129.8, 129.3, 129.1, 128.8, 128.4, 125.7, 125.4, 123.6, 115.2, 107.9, 81.8, 55.9, 16.8. HRMS (ESI-TOF) 

m/z: [M + H]
+ 

Calcd for C24H19N2O3
+
 383.1390, Found: 383.1383. Enantiomeric excess was 

determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, 

λ = 254 nm, t (minor) = 12.1 min, t (major) = 23.0 min, 89% ee; [α]D
25.6

 = +16.20 (c = 0.5, CHCl3). 

 

(R)-3-methyl-2',6-diphenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dio

ne (8). Black solid (36.0 mg, 84%, m.p. 214 - 215 
o
C). 

1
H NMR (400 MHz, 

CDCl3) δ 8.50 – 8.40 (m, 1H), 7.76 (q, J = 7.9 Hz, 2H), 7.63 – 7.38 (m, 12H), 

7.29 (d, J = 7.5 Hz, 2H), 6.88 (d, J = 7.9 Hz, 1H), 2.80 (s, 3H).
 13

C NMR (100 

MHz, CDCl3) δ 176.8, 168.1, 164.5, 153.9, 144.2, 139.8, 138.5, 135.9, 135.1, 

134.6, 129.9, 129.34, 129.26, 129.1, 128.8, 128.4, 127.5, 125.7, 125.5, 123.0, 120.4, 82.3, 16.9. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C29H21N2O2
+
 429.1598, Found: 429.1597. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 11.4 min, t (major) = 13.2 min, 89% ee; [α]D
25.6

 = +236.27 (c = 1.0, 

CHCl3). 

 

(R)-6-fluoro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-

dione (9). Purple solid (29.5 mg, 80%, m.p. 254 - 255 
o
C). 

1
H NMR (600 MHz, 

CDCl3) δ 8.38 (dd, J = 7.7, 1.2 Hz, 1H), 7.61 (dd, J = 8.3, 4.6 Hz, 1H), 7.55 (t, J 

= 7.3 Hz, 1H), 7.54 – 7.50 (m, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.41 (t, J = 7.4 Hz, 

1H), 7.23 – 7.20 (m, 3H), 7.05 (dd, J = 7.5, 2.1 Hz, 1H), 6.76 (d, J = 7.5 Hz, 1H), 

2.69 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.0, 167.6, 164.5 (d, J = 252.6 Hz, 1C), 164.2, 155.5 (d, 

J = 8.7 Hz, 1C), 135.9, 135.2, 134.9, 134.7, 130.1, 129.6, 129.4, 129.0, 128.4, 125.6, 125.6, 124.2 (d, J 

= 9.8 Hz, 6H), 117.1 (d, J = 23.6 Hz, 1C), 110.2 (d, J = 24.5 Hz, 1C), 82.03, 16.85. 
19

F NMR (376 

MHz, CDCl3) δ -108.16. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16FN2O2
+
 371.1190, Found: 

371.1186. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 9.2 min, t (major) = 16.2 min, 

88% ee; [α]D
25.6

 = +114.00 (c = 1.0, CHCl3). 
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(R)-6-chloro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H

)-dione (10). Purple solid (28.8 mg, 75%, m.p. 209 - 210 
o
C).

 1
H NMR (600 

MHz, CDCl3) δ 8.38 (dd, J = 7.7, 1.2 Hz, 1H), 7.58 – 7.54 (m, 2H), 7.54 – 7.51 

(m, 1H), 7.50 – 7.45 (m, 3H), 7.44 – 7.39 (m, 1H), 7.32 (d, J = 1.5 Hz, 1H), 7.23 

(d, J = 7.4 Hz, 2H), 6.75 (d, J = 7.5 Hz, 1H), 2.68 (s, 3H).
 13

C NMR (150 MHz, 

CDCl3) δ 175.9, 167.6, 164.2, 154.7, 138.3, 137.5, 135.1, 134.9, 134.7, 130.1, 130.0, 129.6, 129.4, 

129.0, 128.4, 125.6, 125.5, 123.5, 122.7, 82.2, 16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for 

C23H16ClN2O2
+
 387.0895, Found: 387.0888. Enantiomeric excess was determined by HPLC with a 

Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 8.8 

min, t (major) = 16.0 min, 90% ee; [α]D
25.6

 = +305.20 (c = 1.0, CHCl3). 

 

(R)-6-bromo-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H

)-dione (11). Purple solid (33.7 mg, 78%, m.p. 108 - 109 
o
C). 

1
H NMR (600 

MHz, CDCl3) δ 8.38 (dd, J = 7.7, 1.3 Hz, 1H), 7.64 (dd, J = 8.1, 1.4 Hz, 1H), 

7.58 – 7.45 (m, 6H), 7.43 – 7.41 (m, 1H), 7.23 (d, J = 7.5 Hz, 2H), 6.74 (d, J = 

7.5 Hz, 1H), 2.67 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 175.9, 167.6, 164.2, 

154.9, 138.9, 135.1, 134.9, 134.7, 132.8, 130.1, 129.5, 129.4, 128.9, 128.4, 125.7, 125.64, 125.56, 

125.5, 123.7, 82.3, 16.8. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16BrN2O2
+
 431.0390, Found: 

431.0381. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 9.2 min, t (major) = 16.6 min, 

90% ee; [α]D
25.6

 = +52.30 (c = 1.0, CHCl3). 

 

(R)-3-methyl-2'-phenyl-6-(trifluoromethyl)-1'H-spiro[isoindole-1,4'-isoquinolin

e]-1',3'(2'H)-dione (12). Yellow solid (33.3 mg, 79%, m.p. 150 - 151 
o
C). 

1
H 

NMR (600 MHz, CDCl3) δ 8.41 (dd, J = 7.8, 1.1 Hz, 1H), 7.80 (d, J = 7.9 Hz, 

1H), 7.74 (d, J = 7.9 Hz, 1H), 7.59 – 7.56 (m, 2H), 7.52 (td, J = 7.6, 1.3 Hz, 

1H), 7.48 (t, J = 7.6 Hz, 2H), 7.42 (t, J = 7.4 Hz, 1H), 7.22 (d, J = 7.5 Hz, 2H), 

6.69 (d, J = 7.7 Hz, 1H), 2.72 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 175.4, 167.6, 164.2, 153.6, 143.1, 

134.9, 134.8, 134.7, 132.5 (q, J = 32.4 Hz, 1C), 130.2, 129.7, 129.5, 129.0, 128.4, 127.1 (q, J = 3.4 Hz, 

1C), 125.7, 125.6, 123.7 (d, J = 271.2 Hz, 1C), 122.9, 119.04 (q, J = 3.5 Hz, 1C), 82.9, 17.0.
 19

F NMR 

(565 MHz, CDCl3) δ -62.03. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H16F3N2O2
+
 421.1158, 

Found: 421.1145. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 7.2 min, t (major) = 10.8 min, 

90% ee; [α]D
25.6

 = +98.60 (c = 1.0, CHCl3). 

 

(R)-methyl 

3-methyl-1',3'-dioxo-2'-phenyl-2',3'-dihydro-1'H-spiro[isoindole-1,4'-isoqui

noline]-6-carboxylate (13). Purple solid (29.5 mg, 72%, m.p. 228 - 229 
o
C). 

1
H NMR (600 MHz, CDCl3) δ 8.40 (d, J = 7.7 Hz, 1H), 8.22 (d, J = 7.8 Hz, 

1H), 7.96 (s, 1H), 7.70 (d, J = 7.9 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.52 – 

7.44 (m, 3H), 7.41 (t, J = 7.4 Hz, 1H), 7.23 (d, J = 7.6 Hz, 2H), 6.71 (d, J = 7.7 Hz, 1H), 3.91 (s, 3H), 

2.74 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.1, 167.6, 166.1, 164.3, 153.4, 143.4, 135.05, 134. 97, 
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134.6, 132.2, 131.4, 130.1, 129.5, 129.4, 128.9, 128.5, 125.64, 125.61, 122.8, 122.5, 82.6, 52.7, 17.0.  

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C25H19N2O4
+
 411.1339, Found: 411.1335. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 15.0 min, t (major) = 25.5 min, 87% ee; [α]D
25.6

 = +124.67 (c = 1.0, 

CHCl3). 

 

(R)-3,5-dimethyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione. 

(14). Colorless solid (32.8 mg, 90%, m.p. 174 - 175 
o
C). 

1
H NMR (600 MHz, CDCl3) 

δ 8.39 (dd, J = 7.6, 1.6 Hz, 1H), 7.53 (dq, J = 7.4, 5.9 Hz, 2H), 7.48 (t, J = 7.6 Hz, 

3H), 7.42 (t, J = 7.4 Hz, 1H), 7.30 – 7.21 (m, 4H), 6.85 – 6.80 (m, 1H), 2.74 (s, 3H), 

2.48 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 177.3, 168.2, 164.5, 150.3, 139.8, 139.6, 

136.0, 135.1, 134.5, 131.7, 129.8, 129.3, 129.1, 128.8, 128.4, 125.4, 123.3, 121.4, 81.9, 21.5, 16.8. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O2
+
 367.1441, Found: 367.1441. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak IC-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 13.8 min, t (major) = 18.4 min, 91% ee; [α]D
25.6

 = +205.80 (c = 1.0, 

CHCl3). 

 

(R)-5-methoxy-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'

H)-dione (15). Colorless solid (30.0 mg, 79%, m.p. 179 - 180 
o
C).

 1
H NMR (600 

MHz, DMSO-d6) δ 8.23 – 8.21 (m, 1H), 7.61 – 7.58 (m, 2H), 7.50 – 7.46 (m, 3H), 

7.43 (d, J = 7.3 Hz, 1H), 7.41 (d, J = 2.3 Hz, 1H), 7.28 (d, J = 7.5 Hz, 2H), 7.05 

(dd, J = 8.4, 2.3 Hz, 1H), 6.75 (dd, J = 6.2, 2.6 Hz, 1H), 3.86 (s, 3H), 2.65 (s, 3H).
 

13
C NMR (150 MHz, DMSO-d6) δ 177.1, 168.4, 164.3, 161.0, 145.3, 141.3, 136.6, 

136.0, 134.9, 129.50, 129.45, 129.3, 129.2, 128.9, 125.9, 125.5, 123.4, 117.8, 108.1, 81.3, 56.3, 16.8. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O3
+
 383.1390, Found: 383.1386. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 17.2 min, t (major) = 24.2 min, 94% ee; [α]D
25.6

 = +190.73 (c = 1.0, 

CHCl3). 

 

(R)-5-chloro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-di

one (16). Colorless solid (28.7 mg, 74%, m.p. 216 - 217 
o
C).

 1
H NMR (600 MHz, 

CDCl3) δ 8.37 (dd, J = 7.7, 1.3 Hz, 1H), 7.61 (d, J = 1.6 Hz, 1H), 7.54 (t, J = 7.4 Hz, 

1H), 7.52 – 7.49 (m, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.43 – 7.39 (m, 2H), 7.27 (d, J = 

8.1 Hz, 1H), 7.21 (d, J = 7.5 Hz, 2H), 6.75 (d, J = 7.5 Hz, 1H), 2.68 (s, 3H).
 13

C 

NMR (150 MHz, CDCl3) δ 175.7, 167.7, 164.3, 151.3, 141.5, 135.8, 135.3, 135.0, 134.6, 130.6, 130.0, 

129.44, 129.36, 128.9, 128.4, 125.52, 125.48, 122.9, 82.4, 16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16ClN2O2
+
 387.0895, Found: 387.0890. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) 

= 12.5 min, t (major) = 24.1 min, 90% ee; [α]D
25.6

 = +175.67 (c = 1.0, CHCl3). 

 

(R)-5-bromo-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-di

one (17). Yellow solid (30.0 mg, 93%, m.p. 190 - 191 
o
C). 

1
H NMR (600 MHz, 
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CDCl3) δ 8.37 (dd, J = 7.7, 1.4 Hz, 1H), 7.77 (d, J = 1.5 Hz, 1H), 7.58 – 7.53 (m, 2H), 7.51 (td, J = 7.5, 

1.5 Hz, 1H), 7.47 – 7.45 (m, 2H), 7.43 – 7.38 (m, 1H), 7.22 – 7.20 (m, 3H), 6.75 (d, J = 7.3 Hz, 1H), 

2.68 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 175.7, 167.6, 164.3, 151.8, 141.7, 135.2, 135.0, 134.6, 

133.4, 130.0, 129.5, 129.4, 128.9, 128.4, 125.9, 125.53, 125.48, 123.6, 123.2, 82.4, 16.8. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16BrN2O2
+
 431.0390, Found: 431.0386. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 19.4 min, t (major) = 36.8 min, 90% ee; [α]D
25.6

 = +152.27 (c = 1.0, 

CHCl3). 

 

(R)-5-fluoro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-di

one (18).Colorless solid (10.8 mg, 30%, m.p. 179 - 180 
o
C).

 1
H NMR (600 MHz, 

DMSO-d6) δ 8.23 (dd, J = 7.6, 1.5 Hz, 1H), 7.70 (dd, J = 8.3, 2.3 Hz, 1H), 7.66 (dd, 

J = 8.3, 4.5 Hz, 1H), 7.63 – 7.57 (m, 2H), 7.48 (t, J = 7.5 Hz, 2H), 7.43 (t, J = 7.4 

Hz, 1H), 7.34 – 7.27 (m, 3H), 6.70 – 6.65 (m, 1H), 2.59 (s, 3H).
 13

C NMR (150 

MHz, DMSO-d6) δ 175.2, 168.3, 164.3, 163.4 (d, J = 245.3 Hz, 1C), 149.4, 142.8 (d, 

J = 8.8 Hz, 1C), 136.4, 136.0, 134.9, 129.6, 129.4, 129.3, 129.2, 129.0, 126.0, 125.7, 124.5 (d, J = 9.2 

Hz, 1C), 117.7 (d, J = 23.9 Hz, 1C), 110.1 (d, J = 23.8 Hz, 1C), 82.1, 16.8.
 19

F NMR (565 MHz, 

DMSO-d6) δ -113.16. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16FN2O2
+
 371.1190, Found: 

371.1184. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 11.7 min, t (major) = 24.7 

min, 88% ee; [α]D
25.6

 = +90.20 (c = 0.5, CHCl3). 

 

(R)-7-fluoro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-di

one (18'). Colorless solid (9.7 mg, 26%, m.p. 200 - 201 
o
C).

 1
H NMR (400 MHz, 

DMSO-d6) δ 8.24 – 8.22 (m, 1H), 7.70 – 7.61 (m, 4H), 7.50 (t, J = 7.4 Hz, 2H), 

7.47 – 7.41 (m, 1H), 7.37 – 7.31 (m, 1H), 7.26 (d, J = 7.4 Hz, 2H), 6.80 – 6.78 (m, 

1H), 2.62 (s, 3H).
 13

C NMR (150 MHz, DMSO-d6) δ 174.8, 167.2, 163.6, 156.4 (d, 

J = 246.0 Hz, 1C), 143.5 (d, J = 3.0 Hz, 1C), 137.7 (d, J = 16.8 Hz, 1C), 135.3, 134.7, 134.2, 132.8 (d, 

J = 6.4 Hz, 1C), 129.5, 129.2, 128.9, 128.6, 128.5, 125.3, 125.2, 119.2 (d, J = 2.3 Hz, 1C), 117.3 (d, J = 

20.0 Hz, 1C), 80.7 (d, J = 2.6 Hz, 1C), 16.4.
 19

F NMR (565 MHz, DMSO-d6) δ -120.16. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16FN2O2
+
 371.1190, Found: 371.1185. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 15.7 min, t (major) = 16.8 min, 80% ee; [α]D
25.6

 = +94.20 (c = 1.0, 

CHCl3). 

 

(R)-3,4-dimethyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione 

(19). Purple solid (29.5 mg, 80%, m.p. 119 - 120 
o
C).

 1
H NMR (400 MHz, DMSO-d6) 

δ 8.24 – 8.21 (m, 1H), 7.61 – 7.59 (m, 2H), 7.50 – 7.46 (m, 2H), 7.44 – 7.40 (m, 1H), 

7.38 – 7.26 (m, 5H), 6.75 – 6.73 (m, 1H), 2.75 (s, 3H), 2.68 (s, 3H).
 13

C NMR (100 

MHz, DMSO-d6) δ 176.7, 168.1, 163.8, 153.8, 137.3, 136.4, 135.5, 134.5, 134.4, 

131.5, 130.6, 129.0, 128.8, 128.7, 128.4, 125.5, 125.0, 119.8, 80.8, 20.6, 19.1. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O2
+
 367.1441, Found: 367.1440. Enantiomeric excess 
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was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 12.7 min, t (major) = 20.7 min, 89% ee; [α]D
25.6

 = +134.05 (c = 1.0, 

CHCl3). 

 

(R)-4-fluoro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dion

e (20). Purple solid (28.9 mg, 78%, m.p. 158 - 159 
o
C). 1H NMR (400 MHz, CDCl3) δ 

8.39 – 8.36 (m, 1H), 7.56 – 7.51 (m, 2H), 7.48 – 7.38 (m, 4H), 7.20 (d, J = 7.3 Hz, 

2H), 7.16 – 7.11 (m, 2H), 6.82 – 6.80 (m, 1H), 2.82 (s, 3H).
 13

C NMR (150 MHz, 

CDCl3) δ 174.2 (d, J = 4.4 Hz, 1C), 167.7, 164.3, 157.4 (d, J = 255.0 Hz, 1C), 156.2 

(d, J = 2.7 Hz, 1C), 135.4, 135.0, 134.6, 133.2 (d, J = 7.0 Hz, 1C), 130.0, 129.5, 129.4, 

128.9, 128.4, 126.8 (d, J = 16.1 Hz, 1C), 125.5, 125.4, 118.0 (d, J = 3.8 Hz, 1C), 116.7 (d, J = 19.5 Hz, 

1C), 83.0, 19.6 (d, J = 1.9 Hz, 1C).
 19

F NMR (376 MHz, CDCl3) δ -115.98. HRMS (ESI-TOF) m/z: [M 

+ H]
+ 

Calcd for C23H16FN2O2
+
 371.1190, Found: 371.1191. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol =70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 11.5 min, t (major) = 31.5 min, 90% ee; [α]D
25.6

 = +118.60 (c = 0.5, CHCl3). 

 

(R)-4-chloro-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dion

e (21). Colorless solid (24.0 mg, 62%, m.p. 144 - 145 
o
C). 

1
H NMR (400 MHz, CDCl3) 

δ 8.40 – 8.36 (m, 1H), 7.56 – 7.53 (m, 2H), 7.48 – 7.35 (m, 6H), 7.23 – 7.35 (m, 3H), 

6.81 (dd, J = 6.4, 2.3 Hz, 1H), 2.94 (s, 3H).
 13

C NMR (100 MHz, CDCl3) δ 176.6, 

167.3, 164.2, 155.4, 135.8, 134.9, 134.7, 132.3, 131.1, 130.2, 130.1, 129.6, 129.4, 

129.0, 128.4, 125.6, 125.5, 120.5, 81.8, 20.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd 

for C23H16ClN2O2
+
 387.0895, Found: 387.0888. Enantiomeric excess was determined by HPLC with a 

Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 10.9 

min, t (major) = 28.2 min, 83% ee; [α]D
25.6

 = +159.40 (c = 1.0, CHCl3). 

 

(R)-4-bromo-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dion

e (22). Colorless solid (30.0 mg, 70%, m.p. 129 - 130 
o
C). 

1
H NMR (400 MHz, CDCl3) 

δ 8.31 – 8.29 (m, 1H), 7.58 – 7.54 (m, 1H), 7.47 – 7.42 (m, 2H), 7.41 – 7.30 (m, 4H), 

7.20 – 7.18 (m, 2H), 7.12 (d, J = 7.2 Hz, 2H), 6.75 – 6.72 (m, 1H), 2.86 (s, 3H).
 13

C 

NMR (100 MHz, CDCl3) δ 176.9, 167.4, 164.2, 155.6, 137.7, 135.0, 134.9, 134.7, 

134.5, 132.1, 130.1, 129.6, 129.4, 129.0, 128.4, 125.6, 125.5, 121.1, 117.9, 81.6, 21.1. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16BrN2O2
+
 431.0390, Found: 431.0375. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 11.9 min, t (major) = 29.8 min, 80% ee; [α]D
25.6

 = +87.53 (c = 1.0, 

CHCl3). 

 

(R)-3-ethyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (23). 

Colorless solid (34.5 mg, 94%, m.p. 188 - 189 
o
C).

 1
H NMR (400 MHz, CDCl3) δ 

8.38 – 8.36 (m, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.54 – 7.39 (m, 7H), 7.34 (d, J = 7.5 Hz, 

1H), 7.21 (d, J = 7.4 Hz, 2H), 6.79 – 6.77 (m, 1H), 3.09 (q, J = 7.5 Hz, 2H), 1.52 (t, J 

= 7.5 Hz, 3H).
 13

C NMR (100 MHz, CDCl3) δ 181.5, 168.2, 164.6, 153.5, 138.8, 136.1, 
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135.1, 134.5, 130.5, 129.8, 129.3, 129.1, 128.8, 128.4, 125.41, 125.36, 122.6, 121.7, 82.1, 24.2, 11.1. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O2
+
 367.1441, Found: 367.1443. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 9.9 min, t (major) = 12.4 min, 90% ee; [α]D
25.6

 = +218.93 (c = 1.0, 

CHCl3). 

 

(R)-2'-phenyl-3-propyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (24). 

Purple solid (30.0 mg, 79%, m.p. 146 - 147 
o
C). 

1
H NMR (400 MHz, CDCl3) δ 8.38 – 

8.36 (m, 1H), 7.66 (d, J = 7.5 Hz, 1H), 7.52 – 7.39 (m, 7H), 7.34 (d, J = 7.5 Hz, 1H), 

7.20 (d, J = 7.4 Hz, 2H), 6.79 (dd, J = 6.4, 2.4 Hz, 1H), 3.08 – 3.03 (m, 2H), 2.05 – 

1.98 (m, 2H), 1.14 (t, J = 7.4 Hz, 3H).
 13

C NMR (100 MHz, CDCl3) δ 180.6, 168.1, 

164.6, 153.4, 139.0, 136.0, 135.1, 134.5, 130.6, 129.8, 129.4, 129.1, 128.8, 128.4, 125.42, 125.37, 

122.7, 121.7, 82.2, 32.6, 20.4, 14.1. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C25H21N2O2
+
 381.1598, 

Found: 381.1595. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 10.2 min, t (major) = 10.9 

min, 91% ee; [α]D
25.6

 = +218.33 (c = 1.0, CHCl3). 

 

(R)-3-butyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (25). 

Colorless solid (31.0 mg, 79%, m.p. 164 - 165 
o
C).

 1
H NMR (400 MHz, CDCl3) δ 

8.38 – 8.36 (m, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.54 – 7.37 (m, 7H), 7.34 (d, J = 7.5 Hz, 

1H), 7.20 (d, J = 7.4 Hz, 2H), 6.79 – 6.77 (m, 1H), 3.07 (t, J = 6.8 Hz, 2H), 1.98 – 

1.92 (m, 2H), 1.59 – 1.54 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H).
 13

C NMR (100 MHz, 

CDCl3) δ 180.6, 168.2, 164.6, 153.5, 139.0, 136.2, 135.1, 134.5, 130.4, 129.8, 129.3, 129.1, 128.8, 

128.4, 125.40, 125.37, 122.6, 121.7, 82.3, 30.6, 29.0, 22.7, 14.0. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C26H23N2O2
+
 395.1754, Found: 395.1756. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak IC-H, n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) 

= 15.2 min, t (minor) = 18.4 min, 91% ee; [α]D
25.6

 = +228.07 (c = 1.0, CHCl3). 

 

(R)-3-benzyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (26). 

Brown solid (35.3 mg, 83%, m.p. 166 - 167 
o
C).

 1
H NMR (400 MHz, CDCl3) δ 8.39 

(dd, J = 7.5, 1.6 Hz, 1H), 7.58 – 7.30 (m, 14H), 7.30 – 7.21 (m, 3H), 6.80 – 6.77 (m, 

1H), 4.45 (q, J = 15.0 Hz, 2H).
 13

C NMR (100 MHz, CDCl3) δ 178.6, 167.9, 164.6, 

153.7, 138.4, 135.9, 135.6, 135.1, 134.6, 130.5, 129.9, 129.4, 129.31, 129.30, 129.2, 

129.1, 128.9, 128.4, 127.3, 125.4, 123.5, 121.6, 82.3, 37.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for 

C29H21N2O2
+
 429.1598, Found: 429.1598. Enantiomeric excess was determined by HPLC with a Daicel 

Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 20.3 min, t 

(major) = 25.8 min, 90% ee; [α]D
25.6

 = +230.80 (c = 1.0, CHCl3). 

 

(R)-2',3-diphenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (27). White 

solid (25.3 mg, 61%, m.p. 253 - 254 
o
C). 

1
H NMR (600 MHz, DMSO-d6) δ 8.28 (dd, 

J = 7.7, 1.3 Hz, 1H), 8.11 – 8.10 (m, 2H), 8.01 (d, J = 7.7 Hz, 1H), 7.72 (d, J = 7.5 Hz, 

1H), 7.64 – 7.58 (m, 6H), 7.54 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.44 (d, J 
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= 7.4 Hz, 1H), 7.34 (d, J = 7.5 Hz, 2H), 6.78 – 6.73 (m, 1H).
 13

C NMR (150 MHz, DMSO-d6) δ 174.5, 

167.8, 163.9, 154.4, 137.7, 136.1, 135.5, 134.6, 132.9, 131.9, 130.3, 129.3, 129.1, 129.00, 128.96, 

128.92, 128.7, 128.44, 128.40, 125.5, 125.1, 123.9, 122.7, 81.8. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C28H19N2O2
+
 415.1441, Found: 415.1430. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak IC-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) 

= 14.7 min, t (minor) = 19.4 min, 97% ee; [α]D
25.6

 = +139.13 (c = 1.0, CHCl3). 

 

(R)-6-methyl-2'-phenyl-3-(p-tolyl)-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'

H)-dione (28). Yellow solid (22.0 mg, 50%, m.p. 230 – 231 
o
C).

 1
H NMR (400 

MHz, CDCl3) δ 8.46 – 8.44 (m, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 7.9 Hz, 

1H), 7.57 – 7.50 (m, 4H), 7.47 – 7.42 (m, 3H), 7.36 (d, J = 7.9 Hz, 1H), 7.30 (d, J 

= 7.4 Hz, 2H), 7.25 (s, 1H), 6.92 – 6.90 (m, 1H), 2.52 (s, 3H), 2.45 (s, 3H).
 13

C 

NMR (101 MHz, CDCl3) δ 175.8, 168.4, 164.7, 155.0, 141.6, 140.9, 136.8, 136.0, 

135.2, 134.5, 130.7, 130.2, 129.7, 129.6, 129.3, 129.0, 128.8, 128.6, 128.5, 125.7, 125.4, 124.0, 122.7, 

81.9, 21.74, 21.69. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C30H23N2O2
+
 443.1754, Found: 

443.1755. Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, 

n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) = 30.7 min, t (minor) =57.8 min, 

95% ee; [α]D
25.6

 = +196.47 (c = 1.0, CHCl3). 

 

(R)-6-fluoro-3-(4-fluorophenyl)-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]

-1',3'(2'H)-dione (29). Yellow solid (15.9 mg, 36%, m.p. 152 - 153 
o
C). 

1
H 

NMR (600 MHz, DMSO-d6) δ 8.28 (dd, J = 7.7, 1.4 Hz, 1H), 8.16 – 8.14 (m, 

2H), 8.05 (dd, J = 8.5, 4.7 Hz, 1H), 7.79 (dd, J = 8.2, 2.3 Hz, 1H), 7.64 (td, J = 

7.5, 1.2 Hz, 1H), 7.61 (td, J = 7.5, 1.5 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.47 – 

7.42 (m, 4H), 7.38 – 7.35 (m, 2H), 6.73 (dd, J = 7.7, 0.9 Hz, 1H).
 13

C NMR (150 

MHz, DMSO-d6) δ 172.4, 167.9, 164.4 (d, J = 247.5 Hz, 1C), 164.1, 163.9 (d, J = 249.0 Hz, 1C), 157.8 

(d, J = 9.5 Hz, 1C), 136.0 (d, J = 9.9 Hz, 1C), 135.1 (d, J = 4.1 Hz, 1C), 131.5 (d, J = 8.9 Hz, 2C), 

129.7, 129.6 (d, J = 2.9 Hz, 1C), 129.42, 129.40, 129.3, 129.0, 126.3, 126.0 (d, J = 9.8 Hz, 1C), 125.8, 

117.1 (d, J = 24.0 Hz, 1C), 116.6 (d, J = 16.5 Hz, 2C), 111.7 (d, J = 24.0 Hz, 1C), 81.90 (d, J = 1.7 Hz, 

1C). 
19

F NMR (565 MHz, DMSO-d6) δ -108.69, -109.85. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for 

C28H17F2N2O2
+
 451.1253, Found: 451.1254. Enantiomeric excess was determined by HPLC with a 

Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) = 25.1 

min, t (minor) = 41.6 min, 94% ee; [α]D
25.6

 = +78.60 (c = 1.0, CHCl3). 

 

(R)-6-chloro-3-(4-chlorophenyl)-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinolin

e]-1',3'(2'H)-dione (30). Yellow solid (17.8 mg, 37%, m.p. 209 - 210 
o
C). 

1
H 

NMR (400 MHz, CDCl3) δ 8.46 (dd, J = 7.6, 1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz, 

2H), 7.81 (d, J = 8.2 Hz, 1H), 7.64 – 7.50 (m, 7H), 7.48 – 7.45 (m, 2H), 7.29 

(d, J = 7.5 Hz, 2H), 6.86 – 6.84 (m, 1H).
 13

C NMR (100 MHz, CDCl3) δ 174.0, 

167.5, 164.3, 156.2, 137.8, 137.2, 136.8, 135.3, 134.9, 134.7, 131.4, 130.1, 

129.92, 129.88, 129.6, 129.4, 129.4, 129.0, 128.4, 126.0, 125.5, 124.7, 123.1, 82.4. HRMS (ESI-TOF) 

m/z: [M + H]
+ 

Calcd for C28H17Cl2N2O2
+
 483.0662, Found: 483.0660. Enantiomeric excess was 
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determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, 

λ = 254 nm, t (major) = 26.8 min, t (minor) = 45.4 min, 95% ee; [α]D
25.6

 = +116.73 (c = 1.0, CHCl3). 

 

(R)-6-bromo-3-(4-bromophenyl)-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoli

ne]-1',3'(2'H)-dione (31). Yellow solid (20.5 mg, 36%, m.p. 259 - 260 
o
C). 1

H 

NMR (400 MHz, CDCl3) δ 8.42 (dd, J = 7.6, 0.9 Hz, 1H), 7.91 (d, J = 8.4 Hz, 

2H), 7.72 – 7.65 (m, 4H), 7.60 – 7.54 (m, 3H), 7.51 – 7.47 (m, 2H), 7.45 – 

7.41 (m, 1H), 7.26 – 7.23 (m, 2H), 6.80 (d, J = 7.4 Hz, 1H).
 13

C NMR (100 

MHz, CDCl3) δ 174.2, 167.4, 164.3, 156.4, 137.1, 135.2, 134.9, 134.7, , 132.8, 

132.4, 131.8, 130.12, 130.09, 129.6, 129.5, 129.0, 128.4, 126.2, 126.0, 125.7, 125.6, 125.5, 124.9, 82.4. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C28H17Br2N2O2
+
 570.9651, Found: 570.9641. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak IC-H, n-hexane/2-propanol = 80/20, v = 1.0 

mL⋅min-1, λ = 254 nm, t (major) = 18.6 min, t (minor) = 25.0 min, 96% ee; [α]D
25.6

 = +123.60 (c = 1.0, 

CHCl3). 

 

(R)-2'-phenyl-7,8-dihydro-1'H,6H-spiro[benzo[cd]indole-2,4'-isoquinoline]-1',3'(2'H)-

dione (32). Brown solid (22.8 mg, 60%, m.p. 208 - 209 
o
C). 

1
H NMR (400 MHz, 

CDCl3) δ 8.42 – 8.40 (m, 1H), 7.59 – 7.47 (m, 4H), 7.45 – 7.39 (m, 2H), 7.31 (d, J = 

7.7 Hz, 1H), 7.25 (dd, J = 10.7, 7.5 Hz, 3H), 6.89 (d, J = 6.9 Hz, 1H), 3.16 (t, J = 6.2 

Hz, 2H), 2.98 (t, J = 5.9 Hz, 2H), 2.32 – 2.25 (m, 2H).
 13

C NMR (100 MHz, CDCl3) δ 

179.0, 168.1, 164.5, 151.2, 138.4, 136.5, 135.7, 135.1, 134.5, 131.7, 129.9, 129.3, 

129.2, 128.8, 128.5, 127.8, 125.48, 125.42, 119.6, 83.8, 28.1, 26.4, 24.1. HRMS (ESI-TOF) m/z: [M + 

H]
+ 

Calcd for C25H19N2O2
+
 379.1441, Found: 379.1440. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) 

= 15.6 min, t (major) = 36.9 min, 92% ee; [α]D
25.6

 = +142.00 (c = 1.0, CHCl3). 

 

(R)-2'-phenyl-6,7,8,9-tetrahydro-1'H-spiro[cyclohepta[cd]isoindole-2,4'-isoquinoline]

-1',3'(2'H)-dione (33). Black solid (20.8 mg, 53%, m.p. 136 - 137 
o
C). 

1
H NMR (600 

MHz, DMSO-d6) δ 8.24 – 8.22 (m, 1H), 7.62 – 7.60 (m, 2H), 7.48 (t, J = 7.6 Hz, 2H), 

7.44 – 7.41 (m, 1H), 7.39 – 7.35 (m, 2H), 7.33 (d, J = 6.8 Hz, 1H), 7.27 (d, J = 7.4 Hz, 

2H), 6.79 (dd, J = 6.0, 3.0 Hz, 1H), 3.20 – 3.08 (m, 4H), 2.08 – 1.90 (m, 4H).
 13

C 

NMR (150 MHz, DMSO-d6) δ 181.7, 168.4, 164.3, 154.4, 140.1, 137.7, 136.7, 135.9, 

135.0, 131.1, 130.5, 129.5, 129.4, 129.3, 129.1, 128.9, 126.0, 125.5, 120.1, 81.8, 33.9, 33.0, 27.3, 23.9. 

HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C26H21N2O2
+
 393.1598, Found: 393.1600. Enantiomeric 

excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 14.5 min, t (major) = 25.6 min, 88% ee; [α]D
25.6

 = +137.27 (c = 1.0, 

CHCl3). 

 

(R)-3-methyl-2'-phenyl-1'H-spiro[benzo[f]isoindole-1,4'-isoquinoline]-1',3'(2'H)-d

ione (34). Colorless solid (38.9 mg, 97%, m.p. 168 - 169 
o
C).

 1
H NMR (400 MHz, 

DMSO-d6) δ 8.45 (s, 1H), 8.30 – 8.27 (m, 1H), 8.17 – 8.14 (m, 2H), 8.04 – 8.02 

(m, 1H), 7.65 – 7.58 (m, 4H), 7.48 (t, J = 7.4 Hz, 2H), 7.43 (d, J = 7.2 Hz, 1H), 
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7.35 (d, J = 7.3 Hz, 2H), 6.86 – 6.80 (m, 1H), 2.79 (s, 3H).
 13

C NMR (100 MHz, DMSO-d6) δ 176.6, 

168.3, 163.8, 147.5, 137.0, 136.7, 135.4, 134.5, 133.7, 133.0, 129.3, 129.1, 129.0, 128.9, 128.7, 128.6, 

128.5, 128.2, 127.1, 125.8, 124.9, 123.1, 121.0, 80.6, 16.3. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for 

C27H19N2O2
+
 403.1441, Found: 403.1442. Enantiomeric excess was determined by HPLC with a Daicel 

Chiralpak AD-H, n-hexane/2-propanol = 85/15, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 40.9 min, t 

(major) = 50.9 min, 89% ee; [α]D
25.6

 = +137.27 (c = 1.0, CHCl3). 

 

(R)-6'-methyl-2-phenyl-1H-spiro[isoquinoline-4,4'-thieno[2,3-c]pyrrole]-1,3(2H)-dion

e (35). Purple solid (30.0 mg, 84%, m.p. 164 - 165 
o
C). 

1
H NMR (400 MHz, CDCl3) δ 

8.35 – 8.33 (m, 1H), 7.59 (d, J = 4.8 Hz, 1H), 7.55 – 7.45 (m, 4H), 7.43 – 7.39 (m, 

1H), 7.25 – 7.21 (m, 2H), 6.96 (d, J = 4.8 Hz, 1H), 6.84 – 6.82 (m, 1H), 2.57 (s, 

3H).
13

C NMR (100 MHz, CDCl3) δ 169.8, 167.7, 164.4, 163.4, 145.2, 135.3, 135.2, 

134.5, 129.9, 129.33, 129.29, 128.8, 128.5, 125.8, 125.4, 120.4, 79.5, 18.3. HRMS (ESI-TOF) m/z: [M 

+ H]
+ 

Calcd for C21H15N2O2S
+
 359.0849, Found: 359.0843. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 10.6 min, t (major) = 22.1 min, 75% ee; [α]D
25.6

 = +41.73 (c = 1.0, CHCl3). 

 

(R)-4'-methyl-2-phenyl-1H-spiro[isoquinoline-4,6'-thieno[2,3-c]pyrrole]-1,3(2H)-dion

e (36). Purple solid (27.0 mg, 75%, m.p. 191 - 192 
o
C).

 1
H NMR (400 MHz, CDCl3) δ 

8.40 – 8.37 (m, 1H), 7.59 – 7.57 (m, 3H), 7.52 (t, J = 7.4 Hz, 2H), 7.48 – 7.44 (m, 1H), 

7.34 – 7.30 (m, 2H), 7.11 (d, J = 4.9 Hz, 1H), 6.92 – 6.89 (m, 1H), 2.61 (s, 3H).
 13

C 

NMR (100 MHz, CDCl3) δ 171.7, 167.5, 164.1, 159.5, 151.0, 135.4, 135.1, 134.6, 

134.2, 129.9, 129.6, 129.3, 128.8, 128.5, 125.8, 125.5, 118.1, 79.9, 18.0. HRMS (ESI-TOF) m/z: [M + 

H]
+ 

Calcd for C21H15N2O2S
+
 359.0849, Found: 359.0846. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 15.5 min, t (major) = 31.6 min, 82% ee; [α]D
25.6

 = +10.53 (c = 1.0, CHCl3). 

 

(R)-3-methyl-2'-(p-tolyl)-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione 

(37). Colorless solid (25.9 mg, 71%, m.p. 262 - 263 
o
C). 

1
H NMR (600 MHz, 

CDCl3) δ 8.36 (dd, J = 7.6, 1.3 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.52 – 7.47 (m, 

3H), 7.40 (t, J = 7.3 Hz, 1H), 7.33 (d, J = 7.5 Hz, 1H), 7.26 – 7.24 (m, 2H), 7.09 

(d, J = 8.0 Hz, 2H), 6.75 (d, J = 7.3 Hz, 1H), 2.68 (s, 3H), 2.37 (s, 3H). 
13

C NMR 

(150 MHz, CDCl3) δ 176.4, 168.5, 164.7, 153.3, 139.9, 138.7, 136.3, 134.4, 132.5, 130.2, 130.0, 129.8, 

129.3, 129.0, 128.1, 125.5, 125.4, 122.4, 121.7, 82.6, 21.3, 16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O2
+
 367.1441, Found: 367.1443. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol =70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) 

= 18.5 min, t (major) = 23.3 min, 92% ee; [α]D
25.6

 = +117.67 (c = 1.0, CHCl3). 

 

(R)-2'-(4-methoxyphenyl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',

3'(2'H)-dione (38). Colorless solid (25.0 mg, 65%, m.p. 240 - 241 
o
C). 

1
H 

NMR (600 MHz, CDCl3) δ 8.36 (dd, J = 7.7, 1.4 Hz, 1H), 7.61 (d, J = 7.6 Hz, 

1H), 7.50 – 7.46 (m, 3H), 7.40 (td, J = 7.5, 0.6 Hz, 1H), 7.32 (d, J = 7.6 Hz, 
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1H), 7.12 (d, J = 8.6 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 6.75 – 6.73 (m, 1H), 3.81 (s, 3H), 2.68 (s, 3H).
 

13
C NMR (150 MHz, CDCl3) δ 176.4, 168.7, 164.9, 159.6, 153.4, 140.0, 136.4, 134.4, 130.2, 129.8, 

129.4, 129.3, 129.0, 127.7, 125.6, 125.5, 122.4, 121.8, 114.6, 82.7, 55.6, 17.0. HRMS (ESI-TOF) m/z: 

[M + H]
+ 

Calcd for C24H19N2O3
+
 383.1390, Found: 383.1389. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 25.6 min, t (major) = 38.2 min, 96% ee; [α]D
25.6

 = +136.90 (c = 1.0, CHCl3). 

 

(R)-2'-isopropyl-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-di

one (39). Colorless solid (25.0 mg, 63%, m.p. 223 - 224 
o
C).

 1
H NMR (600 

MHz, CDCl3) δ 8.37 (d, J = 7.4 Hz, 1H), 7.61 (d, J = 7.4 Hz, 1H), 7.54 – 7.45 

(m, 3H), 7.40 (t, J = 7.3 Hz, 1H), 7.36 – 7.30 (m, 3H), 7.12 (d, J = 7.8 Hz, 

2H), 6.76 (d, J = 7.4 Hz, 1H), 2.96 – 2.91 (m, 1H), 2.68 (s, 3H), 1.25 (d, J = 

6.7 Hz, 6H).
 13

C NMR (150 MHz, CDCl3) δ 176.4, 168.6, 164.7, 153.4, 149.4, 140.0, 136.4, 134.4, 

132.6, 130.1, 129.8, 129.3, 129.0, 128.1, 127.4, 125.6, 125.5, 122.3, 121.8, 82.7, 34.0, 24.02, 23.97, 

16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C26H23N2O2
+
 395.1754, Found: 395.1740. 

Enantiomeric excess was determined by HPLC with a Daicel Chiralpak OD-H, n-hexane/2-propanol = 

80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 14.9 min, t (major) = 20.1 min, 95% ee; [α]D
25.6

 = 

+212.27 (c = 1.0, CHCl3). 

 

(R)-2'-(4-(tert-butyl)phenyl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-

1',3'(2'H)-dione (40). Colorless solid (26.0 mg, 64%, m.p. 231 - 232 
o
C). 

1
H 

NMR (600 MHz, CDCl3) δ 8.37 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 

7.54 – 7.44 (m, 5H), 7.40 (t, J = 7.4 Hz, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.13 

(d, J = 8.3 Hz, 2H), 6.77 (d, J = 7.5 Hz, 1H), 2.68 (s, 3H), 1.32 (s, 10H).
 13

C 

NMR (150 MHz, CDCl3) δ 176.4, 168.6, 164.7, 153.3, 151.6, 140.0, 136.4, 134.4, 132.4, 130.1, 129.8, 

129.3, 129.0, 127.8, 126.3, 125.6, 125.5, 122.3, 121.8, 82.7, 34.8, 31.4, 16.9. HRMS (ESI-TOF) m/z: 

[M + H]
+ 

Calcd for C27H25N2O2
+
 409.1911, Found: 409.1910. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak OD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 13.9 min, t (major) = 21.7 min, 94% ee; [α]D
25.6

 = +204.00 (c = 1.0, CHCl3). 

 

(R)-2'-([1,1'-biphenyl]-4-yl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',

3'(2'H)-dione (41). Colorless solid (37.9 mg, 89%, m.p. 218 - 219 
o
C). 

1
H NMR 

(600 MHz, CDCl3) δ 8.40 (dd, J = 7.6, 1.2 Hz, 1H), 7.67 (d, J = 8.5 Hz, 2H), 

7.63 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 7.3 Hz, 2H), 7.54 – 7.49 (m, 3H), 7.47 – 

7.40 (m, 3H), 7.39 – 7.34 (m, 2H), 7.30 (d, J = 8.2 Hz, 2H), 6.78 (d, J = 7.4 Hz, 

1H), 2.70 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.5, 168.6, 164.7, 153.2, 141.8, 140.5, 140.0, 136.4, 

134.5, 134.3, 130.2, 129.8, 129.3, 129.1, 128.9, 128.8, 128.1, 127.7, 127.4, 125.5, 122.4, 121.8, 82.7, 

16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C29H21N2O2
+
 429.1598, Found: 429.1593. 

Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 

7030, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 24.1 min, t (major) = 39.6 min, 89% ee; [α]D
25.6

 = 

+224.60 (c = 1.0, CHCl3). 
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(R)-2'-(4-fluorophenyl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H

)-dione (42). Colorless solid (33.2 mg, 90%, m.p. 208 - 209 
o
C). 

1
H NMR (600 

MHz, CDCl3) δ 8.36 (dd, J = 7.7, 1.5 Hz, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.53 – 

7.47(m, 3H), 7.41 (td, J = 7.5, 0.8 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.20 – 7.18 

(m, 2H), 7.13 (t, J = 8.7 Hz, 2H), 6.75 (dd, J = 7.7, 1.0 Hz, 1H), 2.68 (s, 3H).
 13

C 

NMR (150 MHz, CDCl3) δ 176.5, 168.6, 164.6, 162.5 (d, J = 246.0 Hz, 1C), 153.1, 140.0, 136.4, 134.6, 

130.91 (d, J = 3.2 Hz, 1C), 130.30, 130.26, 129.8, 129.4, 129.1, 125.5, 125.4, 122.4, 121.8, 116.3 (d, J 

= 22.5 Hz, 2C), 82.7, 16.9.
 19

F NMR (565 MHz, CDCl3) δ -112.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16FN2O2
+
 371.1190, Found: 371.1193. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) 

= 15.1 min, t (major) = 24.5 min, 90% ee; [α]D
25.6

 = +192.93 (c = 1.0, CHCl3). 

 

(R)-2'-(4-chlorophenyl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'

H)-dione (43). Colorless solid (16.0 mg, 41%, m.p. 234 - 235 
o
C). 

1
H NMR 

(600 MHz, CDCl3) δ 8.36 (dd, J = 7.7, 1.5 Hz, 1H), 7.63 (d, J = 7.6 Hz, 1H), 

7.53 – 7.47 (m, 3H), 7.43 – 7.40 (m, 3H), 7.32 (d, J = 7.6 Hz, 1H), 7.17 – 7.13 

(m, 2H), 6.75 (dd, J = 7.6, 1.1 Hz, 1H), 2.68 (s, 3H).
 13

C NMR (150 MHz, 

CDCl3) δ 176.5, 168.4, 164.5, 153.1, 140.0, 136.4, 134.7, 134.6, 133.6, 130.3, 129.9, 129.8, 129.5, 

129.4, 129.1, 125.5, 125.3, 122.5, 121.8, 82.7, 16.9. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for 

C23H16ClN2O2
+
 387.0895, Found: 387.0893. Enantiomeric excess was determined by HPLC with a 

Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 18.1 

min, t (major) = 27.2 min, 86% ee; [α]D
25.6

 = +128.87 (c = 1.0, CHCl3). 

 

(R)-2'-(4-bromophenyl)-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'

H)-dione (44). Colorless solid (31.3 mg, 73%, m.p. 227 - 228 
o
C). 

1
H NMR 

(600 MHz, CDCl3) δ 8.35 (d, J = 7.5 Hz, 1H), 7.63 (d, J = 7.6 Hz, 1H), 7.57 (d, 

J = 8.5 Hz, 2H), 7.53 – 7.47 (m, 3H), 7.41 (t, J = 7.5 Hz, 1H), 7.32 (d, J = 7.5 

Hz, 1H), 7.09 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 7.5 Hz, 1H), 2.68 (s, 3H).
 13

C 

NMR (150 MHz, CDCl3) δ 176.5, 168.4, 164.4, 153.0, 140.0, 136.4, 134.6, 134.2, 132.5, 130.28, 

130.25, 129.8, 129.4, 129.1, 125.6, 125.3, 122.8, 122.5, 121.8, 82.7, 17.0. HRMS (ESI-TOF) m/z: [M 

+ H]
+ 

Calcd for C23H16BrN2O2
+
 431.0390, Found: 431.0391. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(minor) = 20.6 min, t (major) = 31.3 min, 95% ee; [α]D
25.6

 = +199.40 (c = 1.0, CHCl3). 

 

(R)-3-methyl-2'-(4-(trifluoromethyl)phenyl)-1'H-spiro[isoindole-1,4'-isoquinol

ine]-1',3'(2'H)-dione (45). Colorless solid (35.6 mg, 85%, m.p. 184 - 185 
o
C).

 

1
H NMR (600 MHz, CDCl3) δ 8.37 (dd, J = 7.6, 1.5 Hz, 1H), 7.72 (d, J = 8.4 

Hz, 2H), 7.64 (d, J = 7.6 Hz, 1H), 7.55 – 7.48 (m, 3H), 7.43 (td, J = 7.5, 0.7 

Hz, 1H), 7.35 (dd, J = 10.9, 7.9 Hz, 3H), 6.78 – 6.73 (m, 1H), 2.69 (s, 3H). 
 

13
C NMR (150 MHz, CDCl3) δ 176.6, 168.4, 164.4, 153.0, 140.1, 138.4, 136.4, 134.8, 131.0 (q, J = 

32.8 Hz, 1C), 130.4, 129.8, 129.5, 129.3, 129.2, 126.4 (q, J = 3.4 Hz, 2C), 125.6, 125.2, 123.88 (q, J = 

272.8 Hz, 1C), 122.5, 121.8, 82.7, 17.0.
 19

F NMR (565 MHz, CDCl3) δ -62.7. HRMS (ESI-TOF) m/z: 
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[M + H]
+ 

Calcd for C24H16F3N2O2
+
 421.1158, Found: 421.1160. Enantiomeric excess was determined 

by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, 

t (minor) = 13.7 min, t (major) = 18.3 min, 91% ee; [α]D
25.6

 = +165.27 (c = 1.0, CHCl3). 

 

(R)-ethyl 

4-(3-methyl-1',3'-dioxo-1'H-spiro[isoindole-1,4'-isoquinolin]-2'(3'H)-yl)benz

oate (46). Colorless solid (22.0 mg, 52%, m.p. 185 - 186 
o
C). 

1
H NMR (600 

MHz, CDCl3) δ 8.38 – 8.35 (m, 1H), 8.14 (d, J = 8.7 Hz, 2H), 7.63 (d, J = 

7.6 Hz, 1H), 7.55 – 7.48 (m, 3H), 7.43 (td, J = 7.5, 1.0 Hz, 1H), 7.34 (d, J = 

7.6 Hz, 1H), 7.29 (d, J = 8.5 Hz, 2H), 6.75 (dd, J = 7.7, 1.1 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.69 (s, 

3H), 1.39 (t, J = 7.1 Hz, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.7, 168.3, 165.9, 164.4, 153.1, 140.0, 

139.3, 136.4, 134.7, 130.9, 130.6, 130.4, 129.9, 129.5, 129.2, 128.7, 125.6, 125.3, 122.5, 121.8, 82.7, 

61.3, 17.0, 14.4. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C26H21N2O4
+
 425.1496, Found: 425.1494. 

Enantiomeric excess was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 

70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 37.2 min, t (major) = 65.8 min, 93% ee; [α]D
25.6

 = 

+131.13 (c = 1.0, CHCl3). 

 

(R)-2'-benzyl-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (47). 

Colorless solid (30.0 mg, 82%, m.p. 139 - 140 
o
C). 

1
H NMR (600 MHz, CDCl3) δ 

8.32 (dd, J = 7.9, 1.3 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.47 – 7.43 (m, 2H), 7.43 – 

7.37 (m, 3H), 7.30 – 7.19 (m, 4H), 7.02 (d, J = 7.6 Hz, 1H), 6.63 (dd, J = 7.8, 0.7 Hz, 

1H), 5.22 (d, J = 13.9 Hz, 1H), 5.17 (d, J = 13.9 Hz, 1H), 2.68 (s, 3H).
 13

C NMR (150 

MHz, CDCl3) δ 176.3, 168.7, 164.4, 153.4, 139.9, 136.9, 136.2, 134.2, 130.1, 129.6, 129.2, 129.05, 

128.95, 128.5, 127.6, 125.42, 125.34, 122.2, 121.9, 82.2, 44.5, 17.0. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C24H19N2O2
+
 367.1441, Found: 367.1439. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) 

= 9.6 min, t (minor) = 15.1 min, 90% ee; [α]D
25.6

 = +45.13 (c = 1.0, CHCl3). 

 

(R)-2'-butyl-3-methyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)-dione (48). 

Colorless solid (24.0 mg, 72%, m.p. 106 - 107 
o
C). 

1
H NMR (600 MHz, CDCl3) δ 

8.32 (dd, J = 7.9, 1.2 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.47 – 7.43 (m, 2H), 7.40 (td, 

J = 7.6, 1.3 Hz, 1H), 7.34 (td, J = 7.5, 0.6 Hz, 1H), 7.12 (d, J = 7.6 Hz, 1H), 6.63 (d, 

J = 7.6 Hz, 1H), 4.05 – 3.95 (m, 2H), 2.68 (s, 3H), 1.60 – 1.54 (m, 2H), 1.40 – 1.32 

(m, 2H), 0.90 (t, J = 7.4 Hz, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.2, 168.5, 164.4, 153.6, 140.0, 

136.2, 134.0, 130.1, 129.4, 129.2, 128.9, 125.4, 122.2, 121.7, 82.1, 41.1, 30.1, 20.3, 16.9, 13.8. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C21H21N2O2
+
 333.1598, Found: 333.1593. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 26.1 min, t (major) = 27.9 min, 79% ee; [α]D
25.6

 = +84.27 (c = 1.0, 

CHCl3). 

 

(R)-3-methyl-2'-(naphthalen-2-yl)-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H

)-dione (49). Colorless solid (34.1 mg, 85%, m.p. 239 - 240 
o
C). 

1
H NMR (600 
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MHz, CDCl3) δ 8.40 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 8.6 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.83 (d, J = 

7.8 Hz, 1H), 7.74 (s, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.56 – 7.46 (m, 5H), 7.46 – 7.38 (m, 2H), 7.30 (d, J 

= 8.5 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 2.70 (s, 3H).
 13

C NMR (150 MHz, CDCl3) δ 176.4, 168.7, 

164.8, 153.3, 140.0, 136.5, 134.5, 133.5, 133.2, 132.6, 130.2, 129.8, 129.3, 129.2, 129.1, 128.3, 127.9, 

127.6, 126.8, 126.5, 125.9, 125.6, 125.5, 122.4, 121.8, 82.8, 17.0. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C27H19N2O2
+
 403.1441, Found: 403.1440. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 60/40, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) 

= 17.3 min, t (major) = 26.7 min, 91% ee; [α]D
25.6

 = +226.80 (c = 1.0, CHCl3). 

 

(R)-6'-bromo-3-methyl-2'-phenyl-1'H-spiro[isoindole-1,4'-isoquinoline]-1',3'(2'H)

-dione (50). Yellow solid (40.0 mg, 64%, m.p. 190 - 191 
o
C). 

1
H NMR (400 MHz, 

CDCl3) δ 8.22 (d, J = 8.4 Hz, 1H), 7.69 – 7.61 (m, 2H), 7.56 – 7.37 (m, 5H), 7.34 

(d, J = 7.5 Hz, 1H), 7.23 – 7.14 (m, 2H), 6.90 (d, J = 1.9 Hz, 1H), 2.70 (s, 3H).
 

13
C NMR (100 MHz, CDCl3) δ 177.2, 167.9, 164.0, 152.7, 139.9, 138.2, 134.9, 

132.6, 131.3, 130.4, 129.7, 129.7, 129.4, 129.0, 128.6, 128.4, 124.4, 122.7, 121.7, 82.3, 17.1. HRMS 

(ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H16BrN2O2
+
 431.0390, Found: 431.0388. Enantiomeric excess 

was determined by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.0 

mL⋅min-1, λ = 254 nm, t (minor) = 13.9 min, t (major) = 23.1 min, 91% ee; [α]D
25.6

 = +79.47 (c = 1.0, 

CHCl3). 

 

(R)-3-methyl-1',3'-dioxo-2'-phenyl-2',3'-dihydro-1'H-spiro[isoindole-1,4'-isoquinoline] 

2-oxide (51). Yellow solid (23.4 mg, 64%, m.p. 231 - 232 
o
C).

 1
H NMR (400 MHz, 

CDCl3) δ 8.42 – 8.36 (m, 1H), 7.65 – 7.58 (m, 2H), 7.51 – 7.33 (m, 7H), 7.28 – 7.21 

(m, 2H), 7.15 (d, J = 7.5 Hz, 1H), 7.02 – 6.95 (m, 1H), 2.52 (s, 3H).
 13

C NMR (100 

MHz, CDCl3) δ 165.2, 163.7, 145.7, 138.9, 136.3, 135.0, 134.4, 133.0, 130.28, 130.26, 

129.9, 129.3, 129.05, 129.02, 128.3, 126.8, 125.7, 121.4, 120.4, 84.5, 9.8. HRMS (ESI-TOF) m/z: [M 

+ H]
+ 

Calcd for C17H13N2O2
+
 277.0972, Found: 277.0975. Enantiomeric excess was determined by 

HPLC with a Daicel Chiralpak OD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t 

(major) = 25.9 min, t (minor) = 38.3 min, 91% ee; [α]D
25.6

 = +70.00 (c = 1.0, CHCl3). 

 

2-(1-methyl-3-oxo-1,2,3,4-tetrahydroisoquinolin-4-yl)-N-phenylbenzamide (52). 

Colorless solid (31.2 mg, 88%, d.r. = 4:1, m.p. 246 - 247 
o
C). 

1
H NMR (600 MHz, 

CDCl3) δ 11.36 (s, 1H), 11.12 (s, 4.3H), 7.82 – 7.67 (m, 15.7H), 7.32 – 7.11 (m, 

39.7H), 7.11 – 7.01 (m, 10.6H), 6.82 – 6.75 (m, 6.2H), 6.68 (d, J = 7.5 Hz, 4.2H), 

5.36 – 5.34 (m, 5H), 4.91 (q, J = 6.5 Hz, 4H), 4.81 – 4.75 (m, 1H), 1.61 (d, J = 

6.7 Hz, 3H), 1.50 (d, J = 6.6 Hz, 12.7H).
 13

C NMR (150 MHz, CDCl3) δ 172.6, 

172.2, 167.3 139.01, 138.99, 138.7, 138.0, 137.7, 134.2, 133.8, 133.5, 133.0, 130.70, 130.67, 130.2, 

130.1, 129.9, 129.8, 129.8, 129.24, 129.22, 129.08, 129.05, 128.25, 128.20, 127.81, 127.78, 127.63, 

127.57, 125.5, 125.0, 124.2, 120.0, 51.6, 51.3, 46.3, 46.0, 26.9, 25.3. HRMS (ESI-TOF) m/z: [M + H]
+ 

Calcd for C23H21N2O2
+
 357.1598, Found: 357.1586. Enantiomeric excess was determined by HPLC 

with a Daicel Chiralpak OD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) 

= 12.4 min, t (minor) = 18.6 min, 85% ee; [α]D
25.6

 = +12.20 (c = 1.0, CHCl3). 
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ethyl 2-(1-hydroxy-1-methyl-1H-isoindol-3-yl)benzoate (53). Colorless solid (16.3 

mg, 55%, m.p. 135 - 136 
o
C).

1
H NMR (400 MHz, DMSO-d6) δ 7.96 (dd, J = 7.7, 0.7 

Hz, 1H), 7.77 (td, J = 7.5, 1.2 Hz, 1H), 7.68 (td, J = 7.6, 1.1 Hz, 1H), 7.61 (dd, J = 

6.9, 5.9 Hz, 2H), 7.42 (t, J = 7.1 Hz, 1H), 7.35 (dt, J = 7.4, 3.7 Hz, 1H), 7.04 (d, J = 

7.4 Hz, 1H), 6.18 (s, 1H), 4.07 – 3.92 (m, 2H), 1.58 (s, 3H), 0.89 (t, J = 7.1 Hz, 4H). 

13
C NMR (101 MHz, DMSO-d6) δ 168.8, 167.1, 154.9, 137.7, 134.9, 132.9, 131.1, 130.2, 130.0, 129.4, 

128.9, 122.6, 121.4, 100.0, 61.4, 25.9, 13.9. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C18H18NO3
+
 

296.1281, Found: 296.1275. 
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9. NMR spectrum and HPLC Chromatograms 
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1
H NMR (400 MHz, DMSO–d6) 
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19
F NMR (376 MHz, CDCl3) 
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1
H NMR (600 MHz, DMSO-d6) 
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1
H NMR (600 MHz, DMSO-d6)  
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F NMR (565 MHz, DMSO-d6) 
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H NMR (400 MHz, DMSO-d6) 
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13
C NMR (150 MHz, DMSO-d6) 
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H NMR (400 MHz, DMSO-d6) 
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1
H NMR (400 MHz, CDCl3) 
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C NMR (150 MHz, CDCl3) 
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19
F NMR (376 MHz, CDCl3) δ -115.98. 

 

 
1
H NMR (400 MHz, CDCl3) 
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1
H NMR (600 MHz, DMSO-d6) 

 



S68 
 

13
C NMR (150 MHz, DMSO-d6) 
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HPLC Spectra 

3, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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4, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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5, AD-H, Hex/iPrOH = 90/10, rate = 1.0 mL/min, 254 nm 
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6, AD-H, Hex/iPrOH = 90/10, rate = 1.0 mL/min, 254 nm 
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7, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 

 

 

 



S101 
 

8, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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9, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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10, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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11, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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12, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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13, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 

 

 

 



S107 
 

14, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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15, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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16, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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17, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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18, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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18', AD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 

 

 

 



S113 
 

19, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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20, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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21, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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22, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 

 

 

 



S117 
 

23, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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24, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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25, IC-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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26, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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27, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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28, AD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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29, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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30, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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31, IC-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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32, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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33, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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34, AD-H, Hex/iPrOH = 85/15, rate = 1.0 mL/min, 254 nm 
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35, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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36, AD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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37, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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38, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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39, OD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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40, OD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 

 

 

 



S135 
 

41, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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42, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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43, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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44, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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45, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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46, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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47, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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48, AD-H, Hex/iPrOH = 95/5, rate = 1.0 mL/min, 254 nm 
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49, AD-H, Hex/iPrOH = 60/40, rate = 1.0 mL/min, 254 nm 
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50, AD-H, Hex/iPrOH = 70/30, rate = 1.0 mL/min, 254 nm 
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51, OD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 
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52, OD-H, Hex/iPrOH = 80/20, rate = 1.0 mL/min, 254 nm 

 

 

 


