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A. General Information 

        1H and 13C NMR spectra were recorded on a Bruker ACF300 or DPX300 (300 MHz) 

or AMX500 (500 MHz) spectrometer. Chemical shifts were reported in parts per million 

(ppm), and the residual solvent peak was used as an internal reference. Multiplicity was 

indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd 

(doublet of doublet), br s (broad singlet). Coupling constants were reported in Hertz (Hz). 

Low resolution mass spectra were obtained on a Finnigan/MAT LCQ spectrometer in ESI 

mode, and a Finnigan/MAT 95XL-T mass spectrometer in FAB mode. All high 

resolution mass spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. Flash 

chromatography separation was performed on Merck 60 (0.040 - 0.063 mm) mesh silica 

gel. 

        The enantiomeric excesses of products were determined by chiral-phase HPLC 

analysis, using a Daicel Chiralcel AD-H column (250 x 4.6 mm), or OD-H column (250 x 

4.6 mm), or Chiralpak IA, IB, or IC column (250 x 4.6 mm). 

        Catalysts Trp-1,1 QD-1,2 QD-2 and Q-1,3 QD-3 to QD-5, C-1 and Q-2 to Q-6,4 

were prepared according to procedures reported in the literature. N-Cbz Imine5 and N-

tosylimine6,7 were prepared according to the literature procedure.   

         The absolute configuration of 3j was assigned by X-ray analysis, and configurations 

of other Mannich products were assigned by analogy. 
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B. Preparation of Phthalide Derivatives 

tert-Butyl 3-oxo-1,3-dihydroisobenzofuran-1-carboxylate (1a) 

To a solution of diisopropyl amine (2.6 mL, 18 mmol) in THF was added n-BuLi 

(6.9 mL, 2.5 M in hexane) at -78 oC under argon, and the resulting solution was stirred at 

-78 oC for 0.5 h. A solution of phthalide (2.01 g, 15 mmol) in THF (5 mL) was then 

introduced slowly and the resultant was further stirred at -78 oC for 50 minutes. Carbon 

dioxide was bubbled into the solution using a balloon for about 1.5 h at the same 

temperature, during which period the mixture turned to a clear red solution. Saturated 

aqueous NH4Cl solution (10 mL) was added dropwise to quench the reaction, and THF 

was removed under reduced pressure. The residue was basified with saturated Na2CO3 

solution till pH = 14, and the solution was washed with ethyl acetate (2×5 mL). The 

aqueous phase was acidified with concentrated HCl solution until pH = 1. The mixture 

was extracted with ethyl acetate (3×15 mL), and the combined organic extracts were 

dried over Na2SO4. Upon concentration under reduced pressure, the crude acid (2.0 g) 

was used directly for the subsequent reaction without further purification. 

To a solution of the crude acid (2.0 g) in CH2Cl2 (20 mL) at 0 oC was added 

oxalyl chloride (1.31 mL, 15 mmol), followed by the addition of a few drops of DMF. 

The mixture was stirred at room temperature for 4 hrs. Then solvent was removed under 
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reduced pressure and the residue was dissolved in CH2Cl2 (20 mL), and tert-butanol (1.06 

mL, 11 mmol), Et3N (4.2 mL, 30 mmol) and DMAP (61 mg, 0.5 mmol) were added. The 

mixture was stirred at room temperature overnight. Water (20 mL) was added and the 

mixture was extracted with CH2Cl2 (3×15 mL). The organic extracts were combined, 

dried over Na2SO4 and concentrated. The residue was purified by column 

chromatography using hexane/ethyl acetate (15:1 to 10:1) as an eluent to afford 1a as a 

white solid (1.44 g, 41% yield for two steps). 

1H NMR (500 MHz, CDCl3) δ 1.49 (s, 9H), 5.76 (s, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.64 (d, 

J = 7.6 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 27.93, 77.79, 83.94, 122.44, 125.17. 125.96, 130.04, 134.37, 144.60, 165.49, 

169.55; HRMS (ESI) m/z calcd for C13H14O4 [M+Na]+= 257.0784, found = 257.0788. 

tert-Butyl 6-bromo-3-oxo-1,3-dihydroisobenzofuran-1-carboxylate (1d) 

Following the same procedures described for the preparation of 1a, phthalide 1d 

was prepared in an overall yield of 37%. 

A while solid; 1H NMR (500 MHz, CDCl3) δ 1.51 (s, 9H), 5.73 (s, 1H), 7.73 (d, J = 8.8 

Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H),7.81 (s, 1H);13C NMR (125 MHz, CDCl3) δ 27.96, 

77.56, 84.56, 124.13, 126.01, 127.18, 129.64, 133.74, 146.23, 164.90, 168.54; HRMS 

(ESI) m/z calcd for C13H13
79BrO4 [M+Na]+ = 334.9889, found = 334.9887; C13H13

81BrO4 

[M+Na]+ = 336.9869, found = 336.9869. 
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tert-Butyl 6-cyano-3-oxo-1,3-dihydroisobenzofuran-1-carboxylate (1e) 

Following the same procedures described for the preparation of 1a, phthalide 1e 

was prepared in an overall yield of 23%. 

A while solid; 1H NMR (500 MHz, CDCl3) δ 1.51 (s, 9H), 5.82 (s, 1H), 7.89 (d, J = 7.6 

Hz, 1H), 7.96 (s, 1H), 8.04 (d, J = 8.2 Hz, 1H);13C NMR (125 MHz, CDCl3) δ 27.95, 

77.43, 85.10, 117.19, 118.06, 126.71, 126.87, 128.87, 133.82, 144.90, 164.28, 167.42; 

HRMS (ESI) m/z calcd for C14H12NO4 [M-H]-= 258.0772, found = 258.0781. 

C. Representative Procedure for the Mannich Reaction 

 

To a solution of tert-butyl 3-oxo-1,3-dihydroisobenzofuran-1-carboxylate 1a 

(11.7 mg, 0.05 mmol), benzyl 4-methylbenzylidenecarbamate 2c (15.2 mg, 0.06 mmol) in 

toluene (0.5 mL) at room temperature was added Q-2 (20 μL, 0.025 M solution in 

toluene), the catalyst solution was prepared by dissolving 17.7 mg Q-2 in 1 mL toluene). 

The resulting mixture was stirred for 24 h. After concentration, the residue was purified 

by flash column chromatography (hexane/EtOAc = 10/1) to afford 3a (22.7 mg, 93% 

yield) as a white solid. The diastereomeric ratio was determined by 1H NMR analysis of 

the crude product, and the enantiomeric excess was measured by HPLC analysis on a 

chiral stationary phase. 
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D. X-Ray Crystallographic Analysis of 3j 

 

 

 

 

Figure 1 ORTEP Structure of Mannich Adduct 3j 
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Table 1.  Crystal data and structure refinement for B423. 

 

Identification code  b423 

Empirical formula  C27 H26 Cl N O6 S 

Formula weight  528.00 

Temperature  223(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1) 

Unit cell dimensions a = 13.4728(17) Å α= 90°. 

 b = 9.4179(12) Å β= 90.363(3)°. 

 c = 20.859(3) Å γ = 90°. 

Volume 2646.7(6) Å3 

Z 4 

Density (calculated) 1.325 Mg/m3 

Absorption coefficient 0.265 mm-1 

F(000) 1104 

Crystal size 0.60 x 0.34 x 0.14 mm3 

Theta range for data collection 1.51 to 27.50°. 

Index ranges -17<=h<=17, -12<=k<=12, -27<=l<=20 

Reflections collected 18857 

Independent reflections 11457 [R(int) = 0.0411] 

Completeness to theta = 27.50° 99.7 %  
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Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9639 and 0.8573 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 11457 / 25 / 694 

Goodness-of-fit on F2 1.005 

Final R indices [I>2sigma(I)] R1 = 0.0674, wR2 = 0.1315 

R indices (all data) R1 = 0.0997, wR2 = 0.1464 

Absolute structure parameter -0.03(6) 

Largest diff. peak and hole 0.295 and -0.230 e.Å-3 
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E. Derivatization of Isoquinolinone and Isoquinoline from the Mannich 

Product 

1) TFA, DCM

2) BH3, THF

1) Pd/C, H2

(58%)

2) NaOMe, MeOH
(86%)

LiAlH4/THF
reflux
(89%)

4

56

O

O

O
t -BuO NHCbz

O

O

HO NHCbz

NH

O

OHHO

NH

OHHO

3a

 

Benzyl (S)-((R)-1-(hydroxymethyl)-3-oxo-1,3-dihydroisobenzofuran-1-yl)(p-

tolyl)methylcarbamate (4) 

To a solution of 3a (97.5 mg, 0.2 mmol) in CH2Cl2 (1 mL) at 0 oC was added 

TFA (0.2 mL) dropwise. The reaction mixture was allowed to warm up to room 

temperature and stirred for 5 hours. The mixture was concentrated under reduced 

pressure, and the crude free acid 3a’was used directly in next step without further 

purification. 

BH3·Me2S (0.20 mL, 2 M in THF, 0.4 mmol) was added dropwise to a solution of 

3a’ in THF (1.0 mL) at 0 °C. The mixture was allowed to warm up to room temperature 

and stirred for another 40 h. Water was then added to the mixture, and the layers were 

separated. The aqueous phase was extracted with CH2Cl2 twice, and the combined 

organic extracts were washed with water and brine, respectively, and then dried over 

MgSO4. After filtration, the solvent was removed, and the residue was purified by flash 
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column chromatography (hexane/EtOAc = 3/1) to afford 4 (48.4 mg, 58%) as a colorless 

oil. 

A colorless oil; 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 7.6 Hz, 1H), 7.62 – 7.50 (m, 

2H), 7.48 – 7.26 (m, 6H), 6.97 – 6.82 (m, 4H), 5.69 (d, J = 9.1 Hz, 1H), 5.44 (d, J = 9.2 

Hz, 1H), 5.18 (q, J = 12.1 Hz, 2H), 4.23 (dd, J = 11.8 Hz, 5.4 Hz, 1H), 4.06 (dd, J = 9.9 

Hz, 5.4 Hz, 1H), 3.50 (t, J = 10.8 Hz, 1H), 2.15 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 

169.51, 157.57, 149.68, 138.01, 135.70, 133.87, 131.70, 129.28, 129.12, 128.66, 128.49, 

128.20, 127.56, 125.81, 125.51, 123.25, 89.10, 67.88, 64.21, 57.07, 20.91; [α]D
rt = -39.8 

(c = 0.99, CHCl3); HRMS (ESI) m/z calcd for C25H23NO5 [M+Na]+ 440.1468, found 

440.1487.  

(3S,4R)-4-Hydroxy-4-(hydroxymethyl)-3-p-tolyl-3,4-dihydroisoquinolin-1(2H)-one (5) 

To a solution of 4 (48.4 mg, 0.12 mmol) in MeOH (0.5 mL) was added Pd/C (10 

mg, 10% on charcoal). The reaction mixture was allowed to stir under H2 overnight. 

After filtration through celite, sodium methoxide (12.9 mg, 0.24 mmol) was added to the 

filtrate, and the reaction mixture was stirred at 60 °C for 20 h. The solvent was then 

removed and the residue was purified by flash column chromatography (hexane/EtOAc = 

1/1) to afford 5 (28.3 mg, 86%) as a colorless oil. 

A colorless oil; 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.7 Hz, 1H), 7.63 (d, J = 7.7 

Hz, 1H), 7.55 (t, J = 7.6 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.30 (d, J = 7.6 Hz, 2H), 7.18 

(d, J = 7.8 Hz, 2H), 6.55 (s, 1H), 4.91 (s, 1H), 4.04 (br, 1H), 3.87 (dd, J = 11.7 Hz, 3.2 

Hz, 1H), 3.52 (dd, J = 11.8 Hz, 7.4 Hz, 1H), 2.34 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

166.07, 141.67, 138.90, 133.22, 133.07, 129.77, 128.39, 127.93, 127.26, 127.01, 125.09, 
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73.49, 64.75, 63.04, 21.08; [α]D
rt = +12.7 (c = 0.86, CHCl3); HRMS (ESI) m/z calcd for 

C17H17NO3 [M+Na]+ 306.1101, found 306.1106. 

(3S,4R)-4-(Hydroxymethyl)-3-p-tolyl-1,2,3,4-tetrahydroisoquinolin-4-ol (6) 

To a solution of 5 (28 mg, 0.1 mmol) in anhydrous THF (2 mL) at 0 oC was added 

slowly LiAlH4 (38 mg, 1 mmol). The reaction mixture was stirred at 60 oC overnight, and 

then quenched carefully with the addition of 10% aq. NaOH (0.1 mL). The mixture was 

concentrated, and the residue was extracted with ethyl acetate several times. The 

combined organic layers were dried over Na2SO4, filtered and concentrated. Purification 

by column chromatography gave 6 (23.9 mg, 89%) as a light yellow oil. 

1H NMR (500 MHz, CDCl3) δ 7.70 – 7.64 (m, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.41 – 7.21 

(m, 4H), 7.11 (d, J = 7.5 Hz, 1H), 4.34 (d, J = 15.1 Hz, 1H), 4.24 (d, J = 15.1 Hz, 1H), 

4.09 (s, 1H), 3.73 – 3.57 (m, 3H), 2.39 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 139.37, 

139.35, 138.31, 135.12, 134.98, 129.59, 127.56, 127.18, 126.16, 125.56, 71.78, 69.10, 

67.75, 49.21, 21.13; [α]D
rt = +5.2 (c = 0.78, CHCl3); HRMS (ESI) m/z calcd for 

C17H20NO2 [M+H]+ 270.1489, found 270.1497. 

 

F. Procedure for the Gram Scale Synthesis 

Q-2 (2 mol%)

RT, toluene, 24hO

O

CO2t-Bu

+

NCbz
O

O

NHCbz
t-BuO

O
(91% yield)

3a (93% ee, d.r. = 87:13)
1a 2c 1.33 g

 

To a solution of tert-butyl 3-oxo-1,3-dihydroisobenzofuran-1-carboxylate 1a 

(0.70 g, 3 mmol), benzyl 4-methylbenzylidenecarbamate 2c (0.91 g, 3.6 mmol) in toluene 
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(30 mL) was added Q-2 (42 mg, 0.06 mmol) at room temperature. The resulting mixture 

was stirred for 24 h, and the mixture was then concentrated under reduced pressure. The 

residue was purified by flash column chromatography (hexane/AcOEt = 10/1) to afford 

3a (1.33 g, 91% yield) as a white solid. The diastereomeric ratio was 87:13 and the 

enantiomeric excess was 93%. 

 

(Racemic 3a) 

 

(Enantiomerically enriched 3a) 
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G. Analytical Data and HPLC Chromatogram of the Mannich Products 

(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(p-tolyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3a) 

 

O

O

O
t-BuO NHCbz

3a  

 

A white foam; diastereomeric ratio was 88:12; 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 

7.7 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 

7.37 – 7.28 (m, 4H), 6.88 (dd, J = 23.7 Hz, 8.1 Hz, 4H), 6.08 (d, J = 10.1 Hz, 1H), 5.71 

(d, J = 10.2 Hz, 1H), 5.16 (d, J = 12.3 Hz, 1H), 4.99 (d, J = 12.3 Hz, 1H), 2.15 (s, 3H), 

1.44 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 168.30, 165.77, 155.25, 145.26, 137.93, 

136.13, 134.15, 131.58, 130.17, 128.76, 128.48, 128.19, 128.17, 127.78, 125.79, 125.73, 

123.00, 89.43, 84.59, 67.11, 59.91, 27.68, 20.95; HRMS (ESI) m/z calcd for C29H29NO6 

[M+Na]+ 510.1887, found 510.1881; the ee value of the major isomer was 95%, tR (major) 

= 20.5 min and 46.1 min, tR (minor) = 10.5 min and 11.4 min (Chiralcel AD-H, λ = 254 

nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3a) 

 

 

(Enantiomerically enriched 3a) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-methoxyphenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3b) 

 

O

O

O
t-BuO NHCbz

OMe

3b  

 

A white foam; diastereomeric ratio was 88:12; 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 

7.7 Hz, 1H), 7.68 – 7.56 (m, 2H), 7.46 – 7.31 (m, 6H), 6.95 (d, J = 8.6 Hz, 2H), 6.59 (d, J 

= 8.6 Hz, 2H), 6.08 (d, J = 10.1 Hz, 1H), 5.70 (d, J = 10.1 Hz, 1H), 5.16 (d, J = 12.2 Hz, 

1H), 5.00 (d, J = 12.3 Hz, 1H), 3.65 (s, 3H), 1.44 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 

168.28, 165.77, 159.24, 155.25, 145.27, 136.12, 134.19, 130.18, 129.06, 128.53, 128.47, 

128.19, 128.11, 126.72, 125.77, 122.93, 113.46, 89.49, 84.57, 67.10, 59.64, 55.05, 27.67; 

HRMS (ESI) m/z calcd for C29H29NO7 [M+Na]+ 526.1836, found 526.1827; the ee value 

of the major isomer was 91%, tR (major) = 25.9 min and 56.1 min, tR (minor) = 11.4 min 

and 13.2 min (Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 

mL/min). 
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(Racemic 3b) 

 

 

(Enantiomerically enriched 3b) 
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(R)-tert-Butyl 1-((S)-(4-methoxyphenyl)(4-methylphenylsulfonamido)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3c) 

 

O

O

O
t-BuO NHTs

3c

OMe

 

 

A white solid; diastereomeric ratio was 91:9; 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 

7.8 Hz, 1H), 7.63 (td, J = 7.6 Hz, 0.9 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.39 (t, J = 7.5 

Hz, 1H), 7.31 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 6.59 (d, J = 8.7 Hz, 2H), 6.30 

(d, J = 8.7, 2H), 5.65 (d, J = 10.6 Hz, 1H), 5.39 (d, J = 10.6 Hz, 1H), 3.58 (s, 3H), 2.24 (s, 

3H), 1.59 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 168.17, 165.47, 159.12, 144.89, 142.75, 

137.55, 134.26, 130.24, 129.13, 128.96, 126.81, 125.76, 125.71, 124.36, 122.92, 113.19, 

89.46, 85.07, 62.62, 55.02, 27.86, 21.26; [α]D
rt = -47.0 (c = 0.97, CHCl3); HRMS (ESI) 

m/z calcd for C28H29NO7S [M+Na]+ 546.1557, found 546.1562; the ee value of the major 

isomer was 92%, tR (major) = 12.9 min and 15.7 min (Chiralcel IB, λ = 254 nm, 10% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3c) 

 

 

 

(Enantiomerically enriched 3c) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(m-tolyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3d) 

 

 

 

A white foam; diastereomeric ratio was 86:14; 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 

7.7 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.43 – 7.30 (m, 6H), 6.97 - 

6.80 (m, 4H), 6.08 (d, J = 10.1 Hz, 1H), 5.70 (d, J = 10.2 Hz, 1H), 5.16 (d, J = 12.2 Hz, 

1H), 5.01 (d, J = 12.3 Hz, 1H), 2.14 (s, 3H), 1.44 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 

168.23, 165.77, 155.28, 145.23, 137.66, 136.12, 134.47, 134.06, 130.15, 128.90, 128.68, 

128.47, 128.19, 128.16, 127.89, 125.76, 125.67, 124.98, 123.07, 89.31, 84.59, 67.12, 

60.12, 27.67, 21.12; HRMS (ESI) m/z calcd for C29H29NO6 [M+Na]+ 510.1887, found 

510.1890; the ee value of the major isomer was 93%, tR (major) = 14.1 min and 18.3 min, 

tR (minor) = 6.1 min and 6.7 min (Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, 

flow rate = 1.0 mL/min). 
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(Racemic 3d) 

 

(Enantiomerically enriched 3d) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(phenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3e) 

 

 

 

A white foam; diastereomeric ratio was 91:9; 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 

7.7 Hz, 1H), 7.66 – 7.56 (m, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.46 – 7.27 (m, 6H), 7.18 – 

6.98 (m, 5H), 6.12 (d, J = 10.1 Hz, 1H), 5.75 (d, J = 10.2 Hz, 1H), 5.17 (d, J = 12.2 Hz, 

1H), 5.00 (d, J = 12.3 Hz, 1H), 1.44 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 168.19, 

165.76, 155.30, 145.19, 136.12, 134.19, 130.22, 128.79, 128.67, 128.60, 128.49, 128.34, 

128.20, 128.06, 127.93, 125.73, 123.04, 89.30, 84.68, 67.17, 60.16, 27.69; HRMS (ESI) 

m/z calcd for C28H27NO6 [M+Na]+ 496.1731, found 496.1721; the ee value of the major 

isomer was 95%, tR (major) = 19.6 min and 30.4 min, tR (minor) = 7.6 min and 8.2 min 

(Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3e) 

 

 

 

(Enantiomerically enriched 3e) 
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(R)-tert-Butyl 1-((S)-(4-methylphenylsulfonamido)(phenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3f) 

 

 

 

A white solid; diastereomeric ratio was 92:8; 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 

7.8 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 

7.31 (d, J = 8.3 Hz, 2H), 6.87 (d, J = 7.8 Hz, 3H), 6.78 (t, J = 7.7 Hz, 2H), 6.68 (d, J = 

7.5 Hz, 2H), 5.76 (d, J = 10.7 Hz, 1H), 5.44 (d, J = 10.7 Hz, 1H), 2.21 (s, 3H), 1.59 (s, 

9H); 13C NMR (126 MHz, CDCl3) δ 168.07, 165.41, 144.77, 142.88, 137.38, 134.24, 

132.27, 130.26, 128.97, 127.94, 127.78, 127.76, 126.76, 125.69, 123.00, 89.29, 85.14, 

63.04, 27.85, 21.25; [α]D
rt = -79.2 (c = 0.89, CHCl3); HRMS (ESI) m/z calcd for 

C27H27NO6S [M+Na]+ 516.1451, found 516.1457; the ee value of the major isomer was 

91%, tR (major) = 10.2 min and 11.9 min (Chiralcel IB, λ = 254 nm, 10% iPrOH/hexanes, 

flow rate = 1.0 mL/min). 
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(Racemic 3f) 

 

 

(Enantiomerically enriched 3f) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-bromophenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3g) 

 

 

 

A light yellow foam; diastereomeric ratio was 88:12; 1H NMR (500 MHz, CDCl3) δ 7.77 

(d, J = 7.7 Hz, 1H), 7.72 – 7.59 (m, 2H), 7.50 – 7.44 (m, 2H), 7.39 – 7.31 (m, 4H), 7.20 

(d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.3 Hz, 2H), 6.10 (d, J = 9.9 Hz, 1H), 5.69 (d, J = 10.0 

Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.43 (s, 9H); 13C NMR (75 

MHz, CDCl3) δ 167.99, 165.54, 155.23, 144.88, 135.97, 134.38, 131.91, 131.28, 130.50, 

130.35, 129.57, 128.51, 128.25, 126.03, 125.66, 122.88, 122.47, 88.85, 84.90, 67.29, 

59.65, 27.68; HRMS (ESI) m/z calcd for C28H26BrNO6 [M+Na]+ 574.0836, found 

574.0817; the ee value of the major isomer was 92%, tR (major) = 27.8 min and 45.9 min, 

tR (minor) = 10.4 min and 11.0 min (Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, 

flow rate = 1.0 mL/min). 
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(Racemic 3g) 

 

 

(Enantiomerically enriched 3g) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(3-bromophenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3h) 

 

 

 

A light yellow foam; diastereomeric ratio was 83:17; 1H NMR (500 MHz, CDCl3) δ 7.79 

(d, J = 7.7 Hz, 1H), 7.75 – 7.58 (m, 2H), 7.48 (d, J = 7.5 Hz, 1H), 7.46 – 7.22 (m, 6H), 

7.16 (s, 1H), 7.05 – 6.96 (m, 2H), 6.13 (d, J = 10.0 Hz, 1H), 5.67 (d, J = 10.0 Hz, 1H), 

5.17 (d, J = 12.1 Hz, 1H), 5.02 (d, J = 12.2 Hz, 1H), 1.43 (s, 9H); 13C NMR (126 MHz, 

CDCl3) δ 167.91, 165.55, 155.25, 144.86, 134.40, 131.83, 131.36, 131.23, 130.53, 129.67, 

128.62, 128.52, 128.27, 128.23, 128.20, 126.39, 125.95, 123.00, 122.06, 88.79, 84.94, 

67.33, 59.69, 27.68; HRMS (ESI) m/z calcd for C28H26BrNO6 [M+Na]+ 574.0836, found 

574.0825; the ee value of the major isomer was 91%, tR (major) = 12.7 min and 16.1 min, 

tR (minor) = 5.6 min and 6.1  min (Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, 

flow rate = 1.0 mL/min). 
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(Racemic 3h) 

 

 

(Enantiomerically enriched 3h) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-chlorophenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3i) 

 

O

O

O
t-BuO NHCbz

Cl

3i  

 

A light yellow foam; diastereomeric ratio was 89:11; 1H NMR (500 MHz, CDCl3) δ 7.77 

(d, J = 7.7 Hz, 1H), 7.71 – 7.59 (m, 2H), 7.47 – 7.44 (m, 1H), 7.38 – 7.30 (m, 4H), 7.05 

(d, J = 8.5 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.11 (d, J = 9.9 Hz, 1H), 5.71 (d, J = 10.0 

Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.43 (s, 9H); 13C NMR 

(126 MHz, CDCl3) δ 168.00, 165.53, 155.24, 144.89, 135.96, 134.39, 134.23, 133.30, 

130.48, 129.26, 128.94, 128.51, 128.32, 128.27, 128.23, 126.00, 122.88, 88.93, 84.88, 

67.29, 59.58, 27.67; HRMS (ESI) m/z calcd for C28H26ClNO6 [M+Na]+ 530.1341, found 

530.1325; the ee value of the major isomer was 97%, tR (major) = 22.9 min and 37.5 min, 

tR (minor) = 9.4 min and 9.8 min (Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, 

flow rate = 1.0 mL/min). 
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(Racemic 3i) 

 

 

 

(Enantiomerically enriched 3i) 
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(R)-tert-Butyl 1-((S)-(4-chlorophenyl)(4-methylphenylsulfonamido)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3j) 

 

O

O

O
t-BuO NHTs

3j

Cl

 

 

A white solid; diastereomeric ratio was 91:9; 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 

7.8 Hz, 1H), 7.70 – 7.63 (m, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.30 

(d, J = 8.3 Hz, 2H), 6.92 (d, J = 8.1 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 6.62 (d, J = 8.5 Hz, 

2H), 5.83 (d, J = 10.6 Hz, 1H), 5.40 (d, J = 10.6 Hz, 1H), 2.27 (s, 3H), 1.59 (s, 9H); 13C 

NMR (126 MHz, CDCl3) δ 167.94, 165.17, 144.47, 143.37, 137.23, 134.50, 134.01, 

130.85, 130.55, 129.32, 129.09, 127.97, 126.73, 125.99, 125.54, 122.84, 88.93, 85.40, 

62.42, 27.83, 21.29; [α]D
rt = -56.1 (c = 0.87, CHCl3); HRMS (ESI) m/z calcd for 

C27H26ClNO6S [M+Na]+ 550.1062, found 550.1060; the ee value of the major isomer was 

92%, tR (major) = 10.2 min and 14.7 min (Chiralcel OD-H, λ = 254 nm, 10% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3j) 

 

 

(Enantiomerically enriched 3j) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-fluorophenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3k) 

 

 

 

A white foam; diastereomeric ratio was 85:15; 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 

7.7 Hz, 1H), 7.71 – 7.57 (m, 2H), 7.45 (d, J = 7.3 Hz, 1H), 7.40 – 7.31 (m, 5H), 7.02 (dd, 

J = 8.4 Hz, 5.3 Hz, 2H), 6.76 (t, J = 8.6 Hz, 2H), 6.10 (d, J = 9.9 Hz, 1H), 5.72 (d, J = 

10.0 Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.43 (s, 9H); 13C 

NMR (126 MHz, CDCl3) δ 168.05, 165.59, 162.36 (J = 247.5 Hz), 155.25, 145.02, 

135.99, 134.34, 130.58, 130.39, 129.67, 129.60, 128.50, 128.40, 128.23, 125.89, 125.69, 

122.89, 115.17, 115.00, 89.08, 84.81, 67.25, 59.53, 27.67; HRMS (ESI) m/z calcd for 

C28H26FNO6 [M+Na]+ 514.1636, found 514.1620; the ee value of the major isomer was 

93%, tR (major) = 16.3 min and 26.7 min, tR (minor) = 6.7 min and 7.6 min (Chiralcel 

AD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3k) 

 

 

(Enantiomerically enriched 3k) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(2-fluorophenyl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3l) 

 

 

 

A white foam; diastereomeric ratio was 88:12; 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 

9.6 Hz, 1H), 7.69 – 7.54 (m, 2H), 7.43 – 7.09 (m, 6H), 7.15 – 7.04 (m, 2H), 6.99 – 6.91 

(m, 1H), 6.70 (t, J = 9.1 Hz, 1H), 6.26 (d, J = 10.2 Hz, 1H), 6.10 (d, J = 10.1 Hz, 1H), 

5.17 (d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.45 (s, 9H); 13C NMR (126 MHz, 

CDCl3) δ 168.16, 165.43, 155.20, 144.36, 136.06, 134.10, 130.48, 130.37, 130.11, 130.04, 

128.85, 128.49, 128.38, 128.21, 127.72, 125.58, 125.39, 124.19, 123.45, 115.26, 115.08, 

89.28, 84.78, 67.24, 53.06, 27.68; HRMS (ESI) m/z calcd for C28H26FNO6 [M+Na]+ 

514.1636, found 514.1621; the ee value of the major isomer was 91%, tR (major) = 18.6 

min and 32.2 min, tR (minor) = 7.9 min and 8.6 min (Chiralcel AD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3l) 

 

 

(Enantiomerically enriched 3l) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(3,4-dimethoxyphenyl)methyl)-3-oxo-

1,3-dihydroisobenzofuran-1-carboxylate (3m) 

 

O

O

O
t-BuO NHCbz

OMe

OMe

3m  

 

A white foam; diastereomeric ratio was 92:8; 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 

7.7 Hz, 1H), 7.68 – 7.54 (m, 2H), 7.43 – 7.29 (m, 5H), 6.62 – 6.55 (m, 2H), 6.49 (s, 1H), 

6.04 (d, J = 10.0 Hz, 1H), 5.68 (d, J = 10.0 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 5.01 (d, J 

= 12.2 Hz, 1H), 3.73 (s, 3H), 3.68 (s, 3H), 1.45 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 

168.27, 165.72, 155.28, 148.76, 148.38, 145.33, 136.11, 134.05, 130.35, 130.21, 128.49, 

128.21, 127.64, 127.12, 125.86, 122.93, 120.59, 110.89, 110.55, 89.48, 84.63, 67.17, 

59.97, 55.76, 55.66, 27.70; HRMS (ESI) m/z calcd for C30H31NO8 [M+Na]+ 556.1942, 

found 556.1926; the ee value of the major isomer was 85%, tR (major) = 18.6 min and 

45.9 min, tR (minor) = 9.9 min and 23.4 min (Chiralcel AD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3m) 

 

 

(Enantiomerically enriched 3m) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-(trifluoromethyl)phenyl)methyl)-3-

oxo-1,3-dihydroisobenzofuran-1-carboxylate (3n) 

 

 

 

A yellow foam; diastereomeric ratio was 82:18; 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J 

= 7.7 Hz, 1H), 7.73 – 7.53 (m, 3H), 7.46 (t, J = 7.5 Hz, 1H), 7.37 – 7.31 (m, 6H), 7.19 (d, 

J = 8.0 Hz, 2H), 6.18 (d, J = 9.9 Hz, 1H), 5.78 (d, J = 10.0 Hz, 1H), 5.16 (d, J = 12.2 Hz, 

1H), 5.01 (d, J = 12.2 Hz, 1H), 1.43 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 167.86, 

165.49, 155.25, 144.73, 135.90, 134.47, 130.62, 129.14, 128.53, 128.40, 128.31, 128.26, 

127.71, 126.05, 125.69, 125.59, 125.09, 125.04, 122.90, 88.67, 85.05, 67.38, 59.79, 27.68; 

HRMS (ESI) m/z calcd for C29H26F3NO6 [M+Na]+ 564.1604, found 564.1629; the ee 

value of the major isomer was 85%, tR (major) = 13.9 min and 30.1 min, tR (minor) = 6.6 

min and 7.4 min (Chiralcel IA, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 

mL/min). 
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(Racemic 3n) 

 

 

(Enantiomerically enriched 3n) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(furan-2-yl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3o) 

 

O

O

O
t-BuO NHCbz

O

3o  

 

A light brown foam; diastereomeric ratio was 67:33; 1H NMR (500 MHz, CDCl3) δ 7.72 

(d, J = 8.0 Hz, 2H), 7.65 (t, J = 7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.41 – 7.27 (m, 4H), 

7.10 – 7.05 (m, 1H), 6.06 (s, 1H), 5.98 (s, 1H), 5.94 (d, J = 10.3 Hz, 1H), 5.88 (d, J = 

10.3 Hz, 1H), 5.18 (d, J = 12.3 Hz, 1H), 5.05 (d, J = 12.3 Hz, 1H), 1.43 (s, 9H); 13C 

NMR (75 MHz, CDCl3) δ 168.29, 165.25, 155.30, 148.53, 144.77, 142.49, 136.04, 

134.28, 130.40, 128.50, 128.20, 128.15, 125.70, 123.00, 116.51, 110.13, 108.81, 88.63, 

84.73, 67.27, 54.41, 27.65; HRMS (ESI) m/z calcd for C26H25NO7 [M+Na]+ 486.1523, 

found 486.1533; the ee value of the major isomer was 80%, tR (major) = 10.3 min and 

21.1 min, tR (minor) = 8.1 min and 9.3 min (Chiralcel IC, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3o) 

 

 

(Enantiomerically enriched 3o) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(furan-3-yl)methyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3p) 

 

 

 

A light brown foam; diastereomeric ratio was 73:27; 1H NMR (500 MHz, CDCl3) δ 7.79 

– 7.46 (m, 4H), 7.40 – 7.29 (m, 5H), 7.14 – 7.11 (m, 1H), 7.08 (s, 1H), 6.06 (s, 1H), 5.83 

(d, J = 10.3 Hz, 1H), 5.72 (d, J = 10.3 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 5.03 (d, J = 

12.2 Hz, 1H), 1.41 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 168.41, 165.60, 155.29, 

145.24, 143.24, 140.63, 134.47, 130.49, 130.41, 128.51, 128.39, 128.21, 127.57, 125.94, 

122.64, 110.24, 109.01, 89.12, 84.68, 67.20, 52.99, 27.63; HRMS (ESI) m/z calcd for 

C26H25NO7 [M+Na]+ 486.1523, found 486.1539; the ee value of the major isomer was 

83%, tR (major) = 19.6 min and 37.7 min, tR (minor) = 7.5 min and 10.3 min (Chiralcel 

AD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 S45

 

(Racemic 3p) 

 

 

(Enantiomerically enriched 3p) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(phenyl)methyl)-6-bromo-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3q) 

 

 

 

A yellow foam; diastereomeric ratio was 86:14; 1H NMR (500 MHz, CDCl3) δ 7.97 (s, 

1H), 7.55 (dd, J = 8.1 Hz, 1.4 Hz, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.38 – 7.29 (m, 5H), 

7.13 – 6.96 (m, 5H), 6.08 (d, J = 10.2 Hz, 1H), 5.69 (d, J = 10.2 Hz, 1H), 5.16 (d, J = 

12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.45 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 

167.17, 165.23, 155.22, 146.90, 135.98, 134.29, 133.84, 129.39, 128.84, 128.51, 128.40, 

128.26, 128.22, 127.90, 126.87, 126.52, 124.67, 88.71, 85.22, 67.28, 60.23, 27.70; 

HRMS (ESI) m/z calcd for C28H26BrNO6 [M+Na]+ 574.0836, found 574.0831; the ee 

value of the major isomer was 91%, tR (major) = 21.9 min and 33.8 min, tR (minor) = 6.3 

min and 8.0 min (Chiralcel IA, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 

mL/min). 
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(Racemic 3q) 

 

 

 

(Enantiomerically enriched 3q) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(m-tolyl)methyl)-6-bromo-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3r) 

 

 

 

A yellow foam; diastereomeric ratio was 87:13; 1H NMR (500 MHz, CDCl3) δ 7.96 (s, 

1H), 7.55 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.39 – 7.30 (m, 5H), 7.01 – 6.90 

(m, 2H), 6.87 – 6.75 (m, 2H), 6.04 (d, J = 10.1 Hz, 1H), 5.64 (d, J = 10.2 Hz, 1H), 5.16 

(d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 2.17 (s, 3H), 1.45 (s, 9H); 13C NMR (126 

MHz, CDCl3) δ 167.23, 165.29, 155.24, 147.01, 137.94, 136.04, 134.20, 133.76, 129.26, 

129.10, 128.73, 128.55, 128.51, 128.22, 128.11, 126.84, 126.63, 124.92, 124.71, 88.75, 

85.16, 67.25, 60.25, 27.71, 21.16; HRMS (ESI) m/z calcd for C29H28BrNO6 [M+Na]+ 

588.0992, found 588.0983; the ee value of the major isomer was 86%, tR (major) = 20.0 

min and 28.6 min, tR (minor) = 5.2 min and 6.7 min (Chiralcel AD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3r) 

 

 

(Enantiomerically enriched 3r) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-chlorophenyl)methyl)-6-bromo-3-oxo-

1,3-dihydroisobenzofuran-1-carboxylate (3s) 

 

 

 

A yellow foam; diastereomeric ratio was 84:16; 1H NMR (500 MHz, CDCl3) δ 7.95 (s, 

1H), 7.59 (d, J = 8.1 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 7.37 – 7.29 (m, 5H), 7.10 (d, J = 

8.3 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 6.06 (d, J = 10.0 Hz, 1H), 5.65 (d, J = 10.0 Hz, 1H), 

5.15 (d, J = 12.2 Hz, 1H), 5.01 (d, J = 12.2 Hz, 1H), 1.44 (s, 9H); 13C NMR (126 MHz, 

CDCl3) δ 166.99, 165.06, 155.17, 146.64, 135.86, 134.49, 134.11, 133.02, 129.61, 129.25, 

128.99, 128.75, 128.53, 128.25, 127.15, 126.38, 124.57, 88.35, 85.43, 67.40, 59.66, 27.69; 

HRMS (ESI) m/z calcd for C28H25BrClNO6 [M+Na]+ 608.0446, found 608.0476; the ee 

value of the major isomer was 93%, tR (major) = 21.4 min and 53.9 min, tR (minor) = 8.0 

min and 9.4 min (Chiralcel IA, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 

mL/min). 
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(Racemic 3s) 

 

 

(Enantiomerically enriched 3s) 
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(R)-tert-Butyl -6-bromo-1-((S)-(4-chlorophenyl)(4-methylphenylsulfonamido)methyl)-3-

oxo-1,3-dihydroisobenzofuran-1-carboxylate (3t) 

 

 

 

A light yellow solid; diastereomeric ratio was 88:12; 1H NMR (500 MHz, CDCl3) δ 7.95 

(d, J = 1.4 Hz, 1H), 7.56 (dd, J = 8.1 Hz, 1.5 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.31 (d, J 

= 8.2 Hz, 2H), 6.93 (d, J = 8.1 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 6.66 (d, J = 8.5 Hz, 2H), 

5.84 (d, J = 10.4 Hz, 1H), 5.34 (d, J = 10.7 Hz, 1H), 2.27 (s, 3H), 1.60 (s, 9H); 13C NMR 

(126 MHz, CDCl3) δ 166.94, 164.66, 146.24, 143.45, 137.14, 134.26, 134.15, 130.69, 

129.70, 129.33, 129.13, 128.18, 127.12, 126.79, 126.32, 124.51, 88.43, 85.93, 62.48, 

27.87, 21.28; [α]D
rt = -67.2 (c = 0.95, CHCl3); HRMS (ESI) m/z calcd for 

C27H25BrClNO6S [M+Na]+ 628.0167, found 628.0195; the ee value of the major isomer 

was 87%, tR (major) = 9.9 min and 14.0 min (Chiralcel OD-H, λ = 254 nm, 10% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3t) 

 

(Enantiomerically enriched 3t) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-fluorophenyl)methyl)-6-bromo-3-oxo-

1,3-dihydroisobenzofuran-1-carboxylate (3u) 

 

 

 

A yellow foam; diastereomeric ratio was 85:15; 1H NMR (500 MHz, CDCl3) δ 7.95 (s, 

1H), 7.58 (dd, J = 8.1 Hz, 1.3 Hz, 1H), 7.47 – 7.22 (m, 6H), 7.09 – 7.01 (m, 2H), 6.82 (t, 

J = 8.6 Hz, 2H), 6.06 (d, J = 10.1 Hz, 1H), 5.66 (d, J = 10.0 Hz, 1H), 5.16 (d, J = 12.2 Hz, 

1H), 5.02 (d, J = 12.2 Hz, 1H), 1.45 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 167.03, 

165.12, 162.47 (J = 248.4 Hz), 155.18, 146.77, 135.89, 134.02, 129.68, 129.62, 129.56, 

128.59, 128.53, 128.30, 128.25, 127.92, 127.05, 126.41, 124.61, 115.41, 115.24, 88.49, 

85.36, 67.37, 59.62, 27.70; HRMS (ESI) m/z calcd for C28H25BrFNO6 [M+Na]+ 

592.0741, found 592.0751; the ee value of the major isomer was 91%, tR (major) = 17.3 

min and 40.5 min, tR (minor) = 6.8 min and 8.8 min (Chiralcel IA, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3u) 

 

 

(Enantiomerically enriched 3u) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(4-(trifluoromethyl)phenyl)methyl)-6-

bromo-3-oxo-1,3-dihydroisobenzofuran-1-carboxylate (3v) 

 

O

O

O
t-BuO NHCbz

Br

CF3

3v  

 

A yellow foam; diastereomeric ratio was 83:17; 1H NMR (500 MHz, CDCl3) δ 7.98 (s, 

1H), 7.50 – 7.46 (m, 2H), 7.42 – 7.30 (m, 7H), 7.24 – 7.16 (m, 2H), 6.14 (d, J = 10.1 Hz, 

1H), 5.72 (d, J = 9.9 Hz, 1H), 5.16 (d, J = 12.2 Hz, 3H), 5.02 (d, J = 12.1 Hz, 2H), 1.44 (s, 

9H); 13C NMR (126 MHz, CDCl3) δ 166.85, 165.00, 155.19, 146.45, 135.77, 134.26, 

129.74, 128.64, 128.57, 128.46, 128.41, 128.28, 128.17, 128.11, 127.20, 126.39, 126.10, 

125.68, 125.29, 88.08, 85.61, 67.50, 59.85, 27.69; HRMS (ESI) m/z calcd for 

C29H25BrF3NO6 [M+Na]+ 642.0710, found 642.0717; the ee value of the major isomer 

was 82%, tR (major) = 20.9 min and 41.8 min, tR (minor) = 6.7 min and 7.9 min 

(Chiralcel AD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3v) 

 

(Enantiomerically enriched 3v) 
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(R)-tert-Butyl 1-((S)-(benzyloxycarbonylamino)(phenyl)methyl)-6-cyano-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3w) 

 

O

O

O
t-BuO NHCbz

NC

3w
 

 

A yellow foam; diastereomeric ratio was 87:13; 1H NMR (500 MHz, CDCl3) δ 8.09 (s, 

1H), 7.69 (d, J = 4.2 Hz, 2H), 7.40 – 7.29 (m, 5H), 7.18 – 7.04 (m, 3H), 7.02 (d, J = 3.6 

Hz, 2H), 6.07 (d, J = 10.1 Hz, 1H), 5.73 (d, J = 10.2 Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 

5.02 (d, J = 12.2 Hz, 1H), 1.46 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 166.16, 164.73, 

155.18, 145.71, 135.87, 133.95, 129.26, 128.97, 128.63, 128.54, 128.45, 128.30, 128.09, 

127.85, 127.10, 126.58, 117.78, 117.16, 89.24, 85.83, 67.41, 60.30, 27.69; HRMS (ESI) 

m/z calcd for C29H26N2O6 [M+Na]+ 521.1683, found 521.1707; the ee value of the major 

isomer was 83%, tR (major) = 27.2 min and 32.3 min, tR (minor) = 5.7 min and 7.0 min 

(Chiralcel IA, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3w) 

 

 

(Enantiomerically enriched 3w) 
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(R)-tert-Butyl- 6-bromo-1-((S)-3-methyl-1-(4-methylphenylsulfonamido)butyl)-3-oxo-

1,3-dihydroisobenzofuran-1-carboxylate (3x) 

 

O

O

O
t-BuO NHTs

3x

Br

 

 

A light yellow oil; diastereomeric ratio was 70:30; 1H NMR (500 MHz, CDCl3) δ 7.84 (s, 

1H), 7.71 (s, 2H), 7.67 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 4.97 (d, J = 10.2 Hz, 

1H), 4.17 (td, J = 9.8 Hz, 3.5 Hz, 1H), 2.40 (s, 3H), 1.39 (s, 9H), 1.16 – 0.71 (m, 3H), 

0.71 (t, J = 6.1 Hz, 6H); 13C NMR (126 MHz, CDCl3) δ 167.77, 166.23, 147.33, 143.35, 

138.78, 134.07, 129.74, 129.57, 127.22, 127.05, 126.62, 124.47, 88.58, 85.29, 57.52, 

41.08, 27.70, 23.96, 23.24, 21.49, 21.42; [α]D
rt = -29.8 (c = 0.85, CHCl3); HRMS (ESI) 

m/z calcd for C25H30BrNO6S [M+Na]+ 574.0869, found 574.0886; the ee value of the 

major isomer was 62%, tR (major) = 27.2 min and 32.3 min, tR (minor) = 15.7 min and 

19.1 min (Chiralcel IA, λ = 254 nm, 5% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3x) 

 

 

(Enantiomerically enriched 3x) 
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(R)-tert-Butyl-6-bromo-1-((S)-1-(4-methylphenylsulfonamido)pentyl)-3-oxo-1,3-

dihydroisobenzofuran-1-carboxylate (3y) 

 

 

 

A light yellow oil; diastereomeric ratio was 63:37; 1H NMR (500 MHz, CDCl3) δ 7.87 (s, 

1H), 7.74 – 7.64 (m, 4H), 7.25 (d, J = 8.5 Hz, 2H), 5.08 (d, J = 10.3 Hz, 1H), 4.14 – 4.04 

(m, 1H), 2.40 (s, 3H), 1.40 (s, 9H), 1.35 – 1.27 (m, 2H), 1.04 – 0.82 (m, 4H), 0.61 (t, J = 

7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 167.83, 166.13, 147.32, 143.41, 138.77, 

134.08, 129.79, 129.61, 127.19, 127.06, 126.70, 124.33, 88.55, 85.29, 59.22, 31.09, 27.86, 

27.69, 22.27, 21.46, 13.55; [α]D
rt = -27.4 (c = 0.80, CHCl3); HRMS (ESI) m/z calcd for 

C25H30BrNO6S [M+Na]+ 574.0869, found 574.0882; the ee value of the major isomer 

was 55%, tR (major) = 9.7 min and 12.3 min, (Chiralcel OD-H, λ = 254 nm, 10% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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(Racemic 3y) 

 

 

 

(Enantiomerically enriched 3y) 
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H. NMR Spectra of Products 
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