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General: Dichloromethane was distilled from calcium hydride under nitrogen prior to 
use. Tetrahydrofuran was distilled from sodium benzophenone ketyl under nitrogen. 

Magnesium perchlorate, magnesium iodide, copper(II) triflate, zinc iodide, and nickel 

perchlorate were purchased from Aldrich chemicals.  Magnesium triflimide and zinc 
triflimide were prepared according to literature procedure. Cyclopropyl bisoxazoline 

ligand {3aR-[2(3’aS, 8’aR), 3aa, 8aa]}-2,2’-(cyclopropylidene)-bis{3a,8a-dihydro-8H-

indeno[1,2d]-oxazole} was prepared according to literature procedure. Flash 
chromatography was performed using EM Science silica gel 60 (230-400 mesh) or on an 

ISCOTM CombiFlash Companion with AnaLogixTM RS-4 columns. All glassware was 
oven dried, assembled hot and cooled under a stream of nitrogen before use. Reactions 

with air sensitive materials were carried out by standard syringe techniques. 

 Melting points were measured with a Fisher-Johns melting points apparatus and 
are uncorrected. 1H-NMR were recorded on a Varian Unity/Inova-500 NB (500 MHz), 

Varian Unity/Inova-400 NB (400 MHz), or Varian Mercury-300 (300 MHz).  Chemical 
shifts are reported in parts per million (ppm) down field from TMS, using residual CDCl3 

(7.27 ppm) as an internal standard. Data are reported as follows: Chemical shift, 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 
constant and integration. 13C-NMR was recorded on Varian Unity/Inova-500 NB (125 

MHz), Varian Unity/Inova-400 NB (100 MHz), and Varian Mercury-300 (75MHz) 
spectrometers, using broadband proton decoupling. Chemical shifts are reported in parts 

per million (ppm) downfield from TMS, using the middle resonance of CDCl3 (77.23) as 

an internal standard. HPLC analyses were carried out on Waters 515 HPLC pump and a 
2487 dual λ absorbance detector connected to a PC with Empower workstation.  
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Rotations were recorded on a JASCO-DIP-370 instrument.  FT-IR spectra were recorded 

on a Mettler-Toledo ReactIR-4000. High Resolution Mass Spectra (HRMS) (ESI+) were 
obtained from the Mass Spectrometry Laboratory, North Dakota State University, Fargo, 

North Dakota. 
 

General procedure for the synthesis of 3-(-2-Alkenoyl)-2-oxazolidinones (1a-1h):   
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1a  R = Me
1b  R = Et
1c  R = Ph
1d  R = 2-furyl
1e  R = OBz
1f   R = CO2tBu
1g  R = H
1h  R = 3-Br-phenyl 

 
To a solution of α,β-unsaturated acid (11.0 mmol) in 15 mL of dichloromethane at 0 °C, 

under nitrogen, was added oxalyl chloride (12.1 mmol) followed by one drop of DMF.  

After 10 minutes the solution was allowed to warm to room temperature and stir for two 

hours.  The solvent and excess oxalyl chloride were removed in vacuo to give crude acid 

chloride, which was used without further purification.  

In a separate flask 2-oxazolidinone (11.0 mmol) was dissolved in THF (45 mL) and 

cooled to 0 °C under nitrogen.  To this solution was added sodium hydride (15.0 mmol, 

60% dispersion in mineral oil) in portions.   This suspension was stirred at 0 °C for 10 

min, then allowed to warm to room temperature and stir for an additional 45 minutes.  

Crude acid chloride was then added dropwise and the mixture allowed to stir for 4 hours 

at room temperature.  The reaction was quenched with water (2 mL) and the THF was 

removed in vacuo.  The reaction mixture was extracted with EtOAc (3 x 20 mL).  The 

combined organic extracts were then washed with water (2 x 10 mL), and 1 M NaOH (2 
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x 10 mL), dried over MgSO4 and concentrated.  The crude product was purified by flash 

column silica gel chromatography using hexane/EtOAc as eluent. 

 Analytical characteristics for compounds 1a1, 1b2, 1c3, 1e4, 1f5, and 1g6 were in 

agreement with previously reported spectra and properties.   
 

3-(3-Furan-2-yl-acryloyl)-oxazolidin-2-one (1d): This compound 
was obtained as an off white solid in 74% yield; m.p. = 135-137 °C; 1H 

NMR (CDCl3, 400 MHz) δ 4.11 (t, J = 8.0 Hz, 2H), 4.44 (t, J = 8.0 Hz, 

2H), 6.47 (dd, J = 1.6 Hz, 3.6 Hz, 1H), 6.70 (d, J = 3.6 Hz, 1H), 7.51 (d, J = 1.6 Hz, 1H), 

7.60 (d, J = 15.2 Hz, 1H), 7.72 (d, J = 15.2 Hz, 1H).  13C NMR (CDCl3, 100 MHz) δ 43.0, 

62.2, 112.7, 114.3, 116.2, 132.5, 145.5, 151.5, 153.7, 165.5; IR (neat, cm-1): 3110, 2997, 
2912, 1762, 1667, 1611, 1555, 1339; HRMS Exact mass calcd. for C10H9NO4Na+ 

230.0424 found 230.0416. 

 
3-[3-(3-Bromo-phenyl)-acryloyl]-oxazolidin-2-one (1h): This 

compound was obtained as a white solid in 68% yield; m.p. = 153-
155 °C; 1H NMR (CDCl3, 500 MHz) δ 4.13 (t, J = 6.4 Hz, 2H), 4.46 

(t, J = 6.4 Hz, 2H), 7.26 (t, J = 6.0 Hz, 1H), 7.51 (t, J = 6.4 Hz, 2H), 7.72 (s, 1H), 7.75 (d, 
J = 12.8 Hz, 1H), 7.87 (d, J = 12.8 Hz, 1H).  13C NMR (CDCl3, 125 MHz) δ 43.0, 62.3, 

118.2, 123.2, 127.3, 130.6, 131.4, 133.6, 136.8, 144.6, 153.7, 165.1; IR (neat, cm-1): 

3091, 2923, 1764, 1676, 1621, 1555, 1474; HRMS Exact mass calcd. for 
C12H10BrNO3Na+ 317.9736 found 317.9740. 

 
General procedure for the synthesis of hydrazonoyl halides (2a-2e):  
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To NBS or NCS (73.2 mmol) in CH2Cl2 (100 mL) at 0 °C was added methyl sulfide (147 

mmol) over 5 minutes.  After stirring for 15 minutes, the reaction was further cooled to –
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78 °C.  Then the corresponding hydrazone (24.4 mmol) in CH2Cl2 (75 mL) was added.  

The reaction was allowed to stir at –78 °C for 1 h, then slowly allowed to warm to room 
temperature over 3 h.  The reaction was quenched by addition of 200 mL of cold water.  

The organic layer was then washed with 200 mL cold water, 50 mL brine, 50 mL sat. aq. 
Na2SO3, and 100 mL water.  The organic layer was dried over MgSO4, filtered, and 

concentrated.  Crude product was purified by flash column silica gel chromatography 

eluting first with 19:1 hexanes/EtOAc, then 9:1 hexanes/EtOAc to give the corresponding 
hydrazonoyl halides.  Chromatography should be performed quickly as hydrazonoyl 

halides decompose over time on silica gel.  Note: hydrazonoyl bromides 2b, 2c, and 8 
were unstable and should be used immediately after preparation. 

 

N-4-Bromophenylbenzohydrazonoyl bromide (2a).  Obtained according 
to the general procedure in 95% yield as a red solid, m.p. = 94-96 °C; 1H 

NMR (CDCl3, 400 MHz) δ 7.07 (m, 2H), 7.35-7.43 (m, 5H), 7.89 (m, 2H), 

8.02 (br s, 1H). 13C NMR (CDCl3, 100 MHz) δ 113.5, 115.4, 120.5, 127.9, 

128.6, 129.8, 132.5, 135.7, 142.4; IR (neat, cm-1): 3305, 3060, 3033, 1590, 

1495, 1310; HRMS Exact mass calcd. for C26H19Br2N4
+ (nitrile imine dimer + H+) 

544.9971 found 544.9995. 
 

N-4-Bromophenylisopropohydrazonoyl bromide (2b).  Obtained 

according to the general procedure in 46% yield as a red oil.  1H NMR 

(CDCl3, 500 MHz) δ 1.26 (d, J = 6.5 Hz, 6H), 2.89 (sept, J = 6.5 Hz, 1H), 

6.93 (dt, J = 9 Hz, 2.5 Hz, 2H), 7.34 (dt, J = 9 Hz, 2.5 Hz, 2H), 7.57 (br s, 
1H).  13C NMR and high resolution mass spectroscopy were not performed 

due to the instability of this compound.  
 

N-4-Bromophenyl-4-bromobenzohydrazonoyl bromide (2c).  

Obtained according to the general procedure in 92% yield as a purple 
solid, m.p. = 143-146 °C.  1H NMR (CDCl3, 300 MHz) δ 7.04 (d, J = 

8.7 Hz, 2H), 7.40 (d, J = 8.7 Hz, 2H), 7.51 (d, J = 8.7 Hz, 2H), 7.74 (d, J 

= 8.7 Hz, 2H), 8.01 (br s, 1H).  13C NMR (CDCl3, 75 MHz) δ 113.7, 
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115.4, 119.2, 124.0, 129.1, 131.8, 132.5, 134.6, 142.1; IR (neat, cm-1): 3303, 3072, 1590, 

1497, 1395; HRMS Exact mass calcd for C26H17Br2N4
+ (nitrile imine dimer + H+) 

700.8181 found 700.8146. 

 

N-2-Bromo-4-methoxyphenylbenzohydrazonoyl bromide (2d).  

Obtained according to the general procedure in 42% yield as a red oil.  1H 

NMR (CDCl3, 500 MHz) δ 3.79 (s, 3H), 6.90 (dd, J = 9 Hz, 2.5 Hz, 1H), 

7.08 (d, J = 2.5 Hz, 1H), 7.38-7.42 (m, 3H), 7.49 (d, J = 9.0 Hz, 1H), 7.91 
(m, 2H), 8.42 (br s, 1H). 13C NMR and high resolution mass spectroscopy 

were not performed due to the instability of this compound.  

 
N-Phenylbenzohydrazonoyl chloride (2e).  2e has been previously 

prepared.7 Obtained according to the general procedure in 88% yield as a 
yellow-red solid, m.p. = 127-128 °C (lit. 129-131 °C).  1H NMR (CDCl3, 

400 MHz) δ 6.93 (t, J = 7.2 Hz, 1H), 7.17 (d, J = 7.6 Hz, 2H), 7.30-7.42 (m, 

5H), 7.92 (d, J = 7.2 Hz, 2H), 8.03 (br s, 1H). IR (neat, cm-1): 3309, 1606, 

1505, 1436. HRMS Exact mass calcd for C26H20N4
+ (nitrile imine dimer) 388.1682 found 

388.1688. 

 
N-Benzylbenzohydrazonoyl bromide (8).  Obtained according to the 

general procedure in 58% yield as a red oil.  1H NMR (CDCl3, 400 MHz) 

δ 4.59 (s, 2H), 6.19 (br s, 1H), 7.30-7.42 (m, 4H), 7.84-7.87 (m, 2H) 

7.30-7.42 (m, 4H). 13C NMR and high resolution mass spectroscopy 
were not performed due to the instability of this compound.   
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General Procedure for Enantioselective Nitrile Imine Cycloadditions (With 
Hydrazonoyl Bromides (2a-d) as Nitrile Imine Precursors):  
 

NO

O O

R
1

R2

N
NH

R3

Br

R4
Lewis acid (10 mol%),
Ligand 6 (11 mol%),

base, 4 Å MS,
CH2Cl2, -78 oC, 6 h

N N

R1

R2
HO

R3

R4

N N

R1

R2

R3

R4

O

Ox
NaBH4,

THF/H2O

1a-g

2a-d 4a-h, k-l
7a-h, k-l  

 
A flame-dried flask containing 4 Å molecular sieves (150 mg), Lewis acid (0.020 mmol), 
ligand 6 (0.022 mmol), and substrate 1a-g (0.2 mmol) in CH2Cl2 (2 mL) was stirred for 

30 minutes at room temperature.  The flask was then cooled to –78 °C and stirred for 5 
minutes.  Then hydrazonoyl bromide 2a-d (0.3 mmol) in CH2Cl2 (1 mL) was added to the 

reaction.  After 5 minutes amine base (0.3 mmol) was added to the reaction.  After 

stirring for 6 h at –78 °C, the reaction was quenched with 0.5 M HCl (20 mL) and 
extracted with diethyl ether (10 mL).  The organic layer was filtered through a pad of 

silica gel (1 g) and MgSO4 (1 g).  The separatory funnel was rinsed with diethyl ether (10 
mL), which was used to wash the silica gel-MgSO4 pad.  The combined organic layers 

were concentrated to yield crude 4a-h, k-l, which was analyzed by 1H NMR to determine 

diastereomeric ratios. Crude 4a-h, k-l was then reconcentrated and dissolved in THF (5 
mL).  To this solution was added NaBH4 (1.32 mmol) in H2O (1 mL).   After 3 h at room 

temperature, the reaction was quenched with 1 M HCl (10 mL) and extracted with diethyl 
ether (10 mL). The organic layer was filtered through a pad of silica gel (1 g) and MgSO4 

(1 g).  The separatory funnel was rinsed with diethyl ether (10 mL), which was used to 

wash the silica gel-MgSO4 pad.  The combined organic layers were concentrated to yield 
crude 7a-h, k-l, which were purified by flash column silica gel chromatography on an 

ISCOTM CombiFlash Companion with AnaLogixTM RS-4 columns. 
 

 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-hydroxymethyl-4-
methyl-3-phenyl-1H-pyrazole (7a): 64 mg, 93% yield (light green 
foam), m.p. = 67-69 °C; The enantiomeric purity was determined by 

N N

CH3

Ph

Br

HO

7a
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HPLC (254 nm, 25 °C) tR 13.9 min (major); tR 19.5 min (minor) [Chiracel AD (0.46 cm x 

25 cm)(from Daicel Chemical Ind., Ltd.) hexane i-PrOH, 95/5, 1.0 mL/min] as 99% ee.  
[α]D

25 = +501.6 (c 0.30, CHCl3);  1H NMR (CDCl3, 400 MHz) δ 1.32 (d, J = 7.2 Hz, 3H), 

1.79 (br s, 1H), 3.61 (dq, J = 3.2 Hz, 7.2 Hz, 1H), 3.73 (m, 2H), 4.03 (m, 1H), 7.07 (m. 

2H), 7.32-7.42 (m, 5H), 7.76 (m, 2H).  13C NMR (CDCl3, 100 MHz) δ 19.0, 43.2, 61.7, 

69.4, 111.3, 114.9, 126.4, 128.9, 129.1, 131.7, 132.2, 144.0, 154.0; IR (neat, cm-1): 3500-

3300 (OH), 3058, 2968, 2931, 2873, 1590, 1486, 1393; HRMS Exact mass calcd. for 
C17H17BrN2OH+ 345.0597 found 345.0580. 

 
(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-4-ethyl-5-hydroxymethyl-3-
phenyl-1H-pyrazole (7b): 67 mg, 93% yield (yellow oil); The 

enantiomeric purity was determined before reduction by HPLC of the 
oxazolidinone derivative (4b) (254 nm, 25 °C) tR 23.3 min (major); tR 

49.6 min (minor) [Chiralcel AD (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 
hexane/i-PrOH, 90/10, 1.0 mL/min] as 99% ee. [α]D

25 = +430.8 (c 0.57, CHCl3); 1H NMR 

(CDCl3, 500 MHz) δ 0.90 (t, J = 7.5 Hz, 3H), 1.55-1.82 (m, 3H, CH2-CH3 + OH), 3.53 

(app dt, J = 8.0 Hz, 3.5 Hz, 1H), 3.75 (m, 2H), 4.13 (app q, J = 4.0 Hz, 1H), 7.09 (d, J = 
8.5 Hz, 2H), 7.34-7.42 (m, 5H), 7.70 (d, J = 8.5 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 

10.6, 24.9, 50.0, 62.5, 66.5, 111.2, 114.8, 126.5, 128.9, 129.1, 131.9, 132.2, 143.9, 152.6; 

IR (neat, cm-1): 3500-3300 (OH), 3058, 2962, 2931, 2875, 1590, 1488; HRMS Exact 
mass calcd. for C18H19BrN2ONa+ 381.0573 found 381.0584.  

 

 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-3,4-diphenyl-5-
hydroxymethyl-1H-pyrazole (7c): 77 mg, 95% yield (light green 

foam), m.p. = 78-79 °C; The enantiomeric purity was determined by 
HPLC (254 nm, 25 °C) tR 14.6 min (minor); tR 20.6 min (major)  

[Chiracel AD (0.46 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 95/5, 

1.0 mL/min] as 97% ee. [α]D
25 = +268.6 (c 0.52, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 

1.76 (br s, 1H), 3.85 (m, 2H), 4.21 (app q, J = 4.0 Hz, 1H), 4.65 (d, J = 4.0 Hz, 1H), 7.08 
(m, 2H), 7.16 (m, 2H), 7.22-7.29 (m, 6H), 7.36 (m, 2H), 7.65 (m, 2H). 13C NMR (CDCl3, 

100 MHz) δ 55.2, 62.1, 71.5, 111.8, 115.2, 126.8, 127.6, 127.7, 128.7, 128.9, 129.5, 

N N

Ph

Ph

Br

HO
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N N

Ph

Br

HO
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CH3
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131.8, 132.3, 140.7, 143.8, 151.2; IR (neat, cm-1): 3500-3300 (OH), 3062, 3027, 2931, 

2877, 1588, 1488, 1391; HRMS Exact mass calcd. for C22H19BrN2OH+ 407.0735 found 
407.0728. 

 
(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-4-furan-2-yl-5-

hydroxymethyl-1H-pyrazole (7d): 75 mg, 94% yield (light green 

solid), m.p. = 156-158 °C; The enantiomeric purity was determined by 
HPLC (254 nm, 25 °C) tR 31.7 min (minor); tR 51.8 min (major) 

[Chiracel OD-H (0.46 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) 
hexane/i-PrOH, 95/5, 1.0 mL/min] as 99% ee. [α]D

25 = +352.4 (c 0.34, CHCl3); 1H NMR 

(CDCl3, 500 MHz) δ 1.88 (br s, 1H), 3.83 (br d, J = 11.5 Hz, 1H), 3.91 (dd, J = 11.5 Hz, 

5.0 Hz, 1H), 4.40 (dd, J = 8.0 Hz, 4.5 Hz, 1H), 4.86 (d, J = 4.5 Hz, 1H), 6.08 (d, J = 3.5 
Hz, 1H), 6.26 (dd, J = 3.0 Hz, 2.0 Hz, 1H), 7.09 (d, J = 9.0 Hz, 2H), 7.29-7.34 (m, 4H), 

7.38 (d, J = 9.0 Hz, 2H), 7.72 (dd, J = 8.0 Hz, 1.5 Hz, 2H).  13C NMR (CDCl3, 125 MHz) 
δ 48.2, 61.7, 68.6, 107.4, 110.9, 112.1, 115.3, 126.5, 128.7, 129.1, 131.7, 132.2, 142.6, 

143.7, 148.3, 152.5; IR (neat, cm-1): 3500-3300 (OH), 3060, 2933, 2879, 1590, 1488, 

1391; HRMS Exact mass calcd. for C20H17BrN2O2Na+ 419.0366 found 419.0363. 

 
(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-hydroxymethyl-3-phenyl-
1H-pyrazol-4-ol (7e):  67 mg, 97% yield (light green foam), m.p. = 82-

83 °C; The enantiomeric purity was determined by HPLC (254 nm, 25 
°C) tR 18.8 min (major); tR 23.3 min (minor) [Chiracel OD-H (0.46 cm x 

25 cm)(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 93/7, 1.0 mL/min] as 96% ee. 
[α]D

25 = +364.6 (c 0.55, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 1.97 (br s, 1H), 2.77 (br s, 

1H), 3.63 (dd, J = 11.5 Hz, 6.5 Hz, 1H), 3.83 (dd, J = 11.5 Hz, 3.0 Hz, 1H), 4.16 (app 

quintet, J = 3.0 Hz, 1H), 5.32 (br s, 1H), 7.01 (d, J = 9.0 Hz, 2H), 7.33-7.39 (m, 5H), 7.82 

(d, J = 7.0 Hz, 2H).  13C NMR (CDCl3, 125 MHz) δ 60.3, 70.0, 77.5, 112.4, 115.2, 126.3, 

129.0, 129.3, 131.0, 132.4, 143.0, 149.4; IR (neat, cm-1): 3500-3200 (OH), 2952, 2890, 
1592, 1490, 1396; HRMS Exact mass calcd. for C16H15BrN2O2Na+ 369.0209 found 

369.0222. 
 

N N
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 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-hydroxymethyl-3-
phenyl-1H-pyrazole-4-carboxylic acid tert-butyl ester (7f): 77 mg, 
90% yield (light green solid), m.p. =155-157 °C.  The enantiomeric 

purity was determined by HPLC (254 nm, 25 °C) tR 21.8 min (major); tR 
42.2 min (minor) [Chiracel AD (0.46 cm x 25 cm)(from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 95/5, 1.0 mL/min] as 93% ee. [α]D
25 = +222.6 (c 

1.1, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 1.32 (s, 9H), 1.88 (br s, 1H), 3.78 (br d, J = 

11.5 Hz, 1H), 3.90 (dd, J = 11.5 Hz, 4.5 Hz, 1H), 4.34 (d, J = 4.5 Hz, 1H), 4.66 (dd, J = 

8.5 Hz, 4.5Hz, 1H), 7.09 (m, 2H), 7.34-7.40 (m, 5H), 7.81 (m, 2H).  13C NMR (CDCl3, 
125 MHz) δ 27.9, 55.7, 62.1, 66.3, 82.8, 112.1, 115.4, 126.8, 128.5, 129.2, 131.7, 132.2, 

143.5, 146.8, 169.4; IR (neat, cm-1): 3500-3300 (OH); 2979, 2933, 1727, 1588, 1490, 

1393; HRMS Exact mass calcd. for C21H23BrN2O3Na+ 453.0784 found 453.0757. 

 
 (5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-hydroxymethyl-3-phenyl-

1H-pyrazole (7g): 63 mg, 95% yield (light green solid), m.p. = 156-159 
°C; The enantiomeric purity was determined by HPLC (254 nm, 25 °C) 

tR 20.7 min (major); tR 26.4 min (minor) [Chiracel AD (0.46 cm x 25 cm) (from Daicel 

Chemical Ind., Ltd.) hexane i-PrOH, 95/5, 1.0 mL/min] as 84% ee.  [α]D
25 = +343.7 (c 

0.57, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 1.60 (br s, 1H), 3.31 (dd, J = 5.5 Hz, 17.0 

Hz, 1H), 3.47 (dd, J = 7.5 Hz, 17.0 Hz, 1H), 3.75 (dd, J = 2.5 Hz, 11.0 Hz, 1H), 3.90 (dd, 
J = 5.0 Hz, 11.0 Hz, 1H), 4.44-4.49 (m, 1H), 7.09 (d, J = 9.0 Hz, 2H), 7.34-7.41 (m, 5H), 

7.73 (d, J = 7.0 Hz, 2H).  13C NMR (CDCl3, 125 MHz) δ 36.4, 61.5, 62.7, 111.7, 115.1, 

126.2, 128.8, 129.3, 132.2, 132.5, 144.3, 149.8; IR (neat, cm-1): 3500-3300 (OH), 3060, 

2929, 1590, 1488, 1397; HRMS Exact mass calcd. for C16H15BrN2ONa+ 353.0260 found 
353.0242. 

 
 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-hydroxymethyl-3-

isopropyl-4-methyl-1H-pyrazole (7h): 61 mg, 98% yield (pink oil); 

The enantiomeric purity was determined by HPLC (254 nm, 25 °C) tR 
35.1 min (major); tR 40.5 min (minor) [Chiracel AD (0.46 cm x 25 

cm)(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 95/5, 1.0 mL/min] as 99% ee. 
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[α]D
25 = +255.4 (c 0.74, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 1.17 (d, J = 7.2 Hz, 3H), 

1.21 (d, J = 7.2 Hz, 3H), 1.26 (d, J = 6.8 Hz, 3H), 1.77 (br s, 1H) 2.65 (sept, J = 7.2 Hz, 

1H), 3.17 (overlapping dq, J = 5.6 Hz, 6.8 Hz, 1H), 3.62-3.67 (m, 2H), 3.80 (m, 1H), 6.95 
(d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H).  13C NMR (CDCl3, 100 MHz) δ 18.0, 19.9, 

21.2, 28.0, 44.8, 62.4, 70.0, 111.3, 115.2, 132.0, 146.0, 163.4; IR (neat, cm-1): 3500-3300 

(OH), 2968, 2931, 2875, 1590, 1490, 1333; HRMS Exact mass calcd. for 

C14H19BrN2ONa+ 333.0573 found 333.0570. 
 

 (4S,5R)-1,3-Bis-(4-bromo-phenyl)-4,5-dihydro-5-
hydroxymethyl-4-methyl-1H-pyrazole (7k): 80 mg, 95% yield 

(yellow-green foam), m.p. = 65-66 °C; The enantiomeric purity 

was determined by HPLC (254 nm, 25 °C) tR 19.7 min (major); tR 
28.6 min (minor) [Chiracel OD-H (0.46 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 1.0 mL/min] as 95% ee. [α]D
25 = +380.5 (c 0.68, CHCl3); 1H NMR 

(CDCl3, 500 MHz) δ 1.28 (d, J = 7.5 Hz, 3H), 2.09 (br s, 1H), 3.55 (dq, J = 3.0 Hz, 7.5 

Hz, 1H), 3.68 (d, J = 5.0 Hz, 2H), 4.01 (dd, J = 7.5 Hz, 5.0 Hz, 1H), 7.04 (d, J = 9.0 Hz, 

2H), 7.36 (d, J = 9.0 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.5 Hz, 2H).  13C 
NMR (CDCl3, 125 MHz) δ 18.9, 42.9, 61.5, 69.3, 111.4, 114.9, 122.9, 127.8, 130.6, 

132.0, 132.2, 143.5, 152.7; IR (neat, cm-1): 3500-3300 (OH), 3062, 3029, 2931, 2877, 

1590, 1486, 1385; HRMS Exact mass calcd. for C17H16Br2N2ONa+ 444.9522 found 
444.9523. 

 
(4S,5R)-1-(2-Bromo-4-methoxy-phenyl)-4,5-dihydro-5-

hydroxymethyl-4-methyl-3-phenyl-1H-pyrazole (7l): 72 mg, 96% 

yield (clear oil); The enantiomeric purity was determined by HPLC 
(254 nm, 25 °C) tR 24.4 min (major); tR 28.7 min (minor) [Chiracel AD 

(0.46 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 95/5, 1.0 mL/min] 

as 96% ee. [α]D
25 = -99.6 (c 0.45, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 1.40 (d, J = 7.0 

Hz, 3H), 1.77 (br s, 1H), 3.51 (dd, J = 12.0 Hz, 3.5 Hz, 1H), 3.57 (dd, J = 12.0 Hz, 5 Hz, 
1H), 3.74 (app. quintet, J = 7.0 Hz, 1H), 3.81 (s, 3H), 4.10 (app. quartet , J = 5.0 Hz, 1H), 

6.87 (dd, J = 8.5 Hz, 2.5Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 7.34-7.41 (m, 4H), 7.72 (d, J = 
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8.0 Hz, 2H).  13C NMR (CDCl3, 125 MHz) δ 17.6, 42.6, 55.9, 61.2, 74.4, 114.6, 118.3, 

119.2, 126.5, 126.8, 128.7, 128.9, 132.1, 138.3, 155.4, 157.8; IR (neat, cm-1): 3500-3300 

(OH), 3058, 2966, 2937, 2836, 1600, 1567, 1488; HRMS Exact mass calcd for 
C18H19BrN2O2Na+ 397.0522 found 397.0530.  

 
General Procedure for Enantioselective Nitrile Imine Cycloadditions (With 
Hydrazonoyl Chlorides (2e) as the Nitrile Imine Precursor): A flame-dried flask 

containing 4 Å molecular sieves (150 mg), Lewis acid (0.060 mmol), ligand 6 (0.066 
mmol), and substrate 1a or 1h (0.2 mmol) in CH2Cl2 (2 mL) was stirred for 30 minutes at 

room temperature.  The flask was then cooled to –20 °C and stirred for 5 minutes.  Then 

hydrazonoyl chloride 2e (0.3 mmol) in CH2Cl2 (1 mL) was added to the reaction.  After 5 
minutes NEt3 (0.3 mmol) was added to the reaction.  After stirring for 48 h at –20 °C, the 

reaction was quenched with 0.5 M HCl (20 mL) and extracted with diethyl ether (10 mL).  
The organic layer was filtered through a pad of silica gel (1 g) and MgSO4 (1g).  The 

separatory funnel was rinsed with diethyl ether (10 mL), which was used to wash the 

silica gel-MgSO4 pad.  The combined organic layers were concentrated to yield crude 4i 
or 4j, which was analyzed by 1H NMR to determine diastereomeric ratios. Crude 4i or 4j 
was then reconcentrated and dissolved in THF (5 mL).  To this solution was added 
NaBH4 (1.32 mmol) in H2O (1 mL).   After 3 h at room temperature, the reaction was 

quenched with 1 M HCl (10 mL) and extracted with diethyl ether (10 mL). The organic 

layer was filtered through a pad of silica gel (1 g) and MgSO4 (1g).  The separatory 
funnel was rinsed with diethyl ether (10 mL), which was used to wash the silica gel-

MgSO4 pad.  The combined organic layers were concentrated to yield crude 7i or 7j, 
which were purified by flash column silica chromatography on an ISCOTM CombiFlash 

Companion with AnaLogixTM RS-4 columns.  

Note: The temperature of reactions using 2e as the nitrile imine could be lowered to -78 
°C if (tert-butylimino)tris(dimethylamino) phosphorane was used as the base.  
 

 (4S,5R)-4,5-dihydro-1,3-diphenyl-5-hydroxymethyl-4-methyl-1H-
pyrazole (7i): 49 mg, 92% yield (light green foam or solid), m.p. = 90-91 

°C; The enantiomeric purity was determined by HPLC (254 nm, 25 °C) tR 
N N

CH3

PhHO

7i
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18.5 min (major); tR 25.4 min (minor)  [Chiracel AD (0.46 cm x 25 cm)(from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 97/3, 1.0 mL/min] as 95% ee. [α]D
25 = +582.0 (c 

0.34, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 1.33 (d, J = 7.2 Hz, 3H), 1.72 (br s, 1H), 

3.63 (dq, J = 3.2 Hz, 7.2 Hz, 1H), 3.77 (d, J = 4.8 Hz, 2H), 4.09 (m, 1H), 6.86 (t, J = 7.2 
Hz, 1H), 7.21 (d, J = 7.6 Hz, 2H), 7.29-7.35 (m, 3H), 7.40 (t, J = 7.2 Hz, 2H), 7.78 (d, J = 

7.6 Hz, 2H).  13C NMR (CDCl3, 100 MHz) δ 19.1, 43.1, 61.9, 69.4, 113.4, 119.4, 126.4, 

128.78, 128.82, 129.5, 132.0, 145.0, 153.3; IR (neat, cm-1): 3500-3300 (OH), 3058, 2966, 

2929, 2873, 1596, 1493, 1381, 1138; HRMS Exact mass calcd. for C17H18N2ONa+ 

289.1311 found 289.1315. 

 
 (4S,5R)-4-(3-Bromo-phenyl)-4,5-dihydro-1,3-diphenyl-5-

hydroxymethyl-1H-pyrazole (7j): 77mg, 95% yield (light green foam), 

m.p. = 73-75 °C; The enantiomeric purity was determined by HPLC (254 
nm, 25 °C) tR 7.7 min (major); tR 16.3 min (minor)  [Chiracel AD (0.46 

cm x 25 cm)(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 90/10, 1.0 
mL/min] as 97% ee.  [α]D

25 = +203.8 (c 0.50, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 1.84 

(br s, 1H), 3.88 (d, J = 4.25 Hz, 2H), 4.27 (q, J = 4.25 Hz, 1H), 4.67 (d, J = 4.25 Hz, 1H), 
6.90 (t, J = 7.5 Hz, 1H), 7.10 (d, J = 7.0 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.22 (d, J = 8.0 

Hz, 2H), 7.26-7.33 (m, 5H), 7.37 (d, J = 8.0 Hz, 1H), 7.42 (s, 1H), 7.67 (d, J = 7.5 Hz, 
2H).  13C NMR (CDCl3, 125 MHz) δ 54.4, 61.8, 71.2, 113.7, 112.0, 123.4, 126.3, 126.6, 

128.7, 128.8, 129.6, 130.6, 130.8, 131.1, 131.8, 143.2, 144.4, 149.6; IR (neat, cm-1): 

3500-3300 (OH), 3058, 2935, 2879, 1606, 1501, 1397; HRMS Exact mass calcd. for 

C22H19BrN2ONa+ 429.0573 found 429.0578. 
 

General Procedure for Enantioselective Nitrile Imine Cycloadditions (With N-
Benzylbenzohydrazonoyl bromide (8) as the Nitrile Imine Precursors): A flame-

dried flask containing 4 Å molecular sieves (150 mg), Lewis acid (0.060 mmol), ligand 6 

(0.066 mmol), and substrate 1a (0.2 mmol) in CH2Cl2 (2 mL) was stirred for 30 minutes 
at room temperature.  The flask was then cooled to –78 °C and stirred for 5 minutes.  

Then hydrazonoyl bromide 8 (0.3 mmol) in CH2Cl2 (1 mL) was added to the reaction.  
After 5 minutes DBU or (tert-butylimino)tris(dimethylamino) phosphorane (0.3 mmol) 

N N
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was added to the reaction.  After stirring for 6 h at –78 °C, the reaction was quenched 

with 0.5 M HCl (20 mL) and extracted with diethyl ether (10 mL).  The organic layer was 
filtered through a pad of silica gel (1 g) and MgSO4 (1 g).  The separatory funnel was 

rinsed with diethyl ether (10 mL), which was used to wash the silica gel-MgSO4 pad.  
The combined organic layers were concentrated to yield crude oxazolidinone 

intermediate, which was analyzed by 1H NMR to determine diastereomeric ratios. The 

crude oxazolidinone intermediate was then reconcentrated and dissolved in THF (5 mL).  
To this solution was added NaBH4 (1.32 mmol) in H2O (1 mL).   After 3 h at room 

temperature, the reaction was quenched with 1 M HCl (10 mL) and extracted with diethyl 
ether (10 mL). The organic layer was filtered through a pad of silica gel (1 g) and MgSO4 

(1 g).  The separatory funnel was rinsed with diethyl ether (10 mL), which was used to 

wash the silica gel-MgSO4 pad.  The combined organic layers were concentrated to yield 
crude 9, which was purified by flash column silica chromatography on an ISCOTM 

CombiFlash Companion with AnaLogixTM RS-4 columns. 

 
 (4S,5R)-1-Benzyl-4,5-dihydro-5-hydroxymethyl-4-methyl-3-phenyl-

1H-pyrazole (9): 32 mg, 57% yield (tan oil); The enantiomeric purity 
was determined by HPLC (254 nm, 25 °C) tR 52.6 min (major); tR 60.0 

min (minor)  [Chiracel OD-H (1 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 93/7, 1.0 mL/min] as 94% ee. [α]D
25 = +56.8 (c 0.42, CHCl3); 1H NMR (CDCl3, 

400 MHz) δ 1.21 (d, J = 6.8 Hz, 3H), 2.20 (br s, 1H), 3.03 (dt, J = 10.0 Hz, 3.0 Hz, 1H), 

3.51-3.59 (m, 3H), 4.40 (br s, 2H), 7.28-7.40 (m, 8H), 7.61 (m, 2H).  13C NMR (CDCl3, 
100 MHz) δ 18.2, 42.8, 58.7, 61.0, 73.5, 126.7(2C), 127.8, 128.6 (4C), 128.7, 129.5(2C), 

132.6, 137.1, 155.1; IR (neat, cm-1): 3500-3300 (OH), 3062, 3029, 2962, 2929, 2873, 

1663, 1453; HRMS Exact mass calcd. for C18H20N2ONa+ 303.1468 found 303.1462. 

 
Supporting Information for Intermediates 4a-l 
 

 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-4-methyl-5-(oxazolidin-
2-one-3-carbonyl)-3-phenyl-1H-pyrazole (4a): Isolated as a yellow 

solid, m.p. = 221-225 °C. [α]D
25 = +207.8 (c 0.41, CHCl3), 99% ee; 
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1H NMR (CDCl3, 500 MHz) δ 1.50 (d, J = 7.0 Hz, 3H), 3.61 (dq, J = 2.0 Hz, 7 Hz, 1H), 

3.87-3.99 (m, 2H), 4.45 (app. dt, J = 2.0 Hz, 8.5 Hz, 2H), 5.68 (d, J = 2.0 Hz, 1H), 6.95 

(d, J = 9.0 Hz, 2H), 7.32-7.40 (m, 5H), 7.40 (d, 7.5 Hz, 2H).  13C NMR (CDCl3, 125 
MHz) δ 18.2, 42.6, 46.7, 63.2, 68.3, 111.6, 114.7, 126.3, 128.8, 129.1, 131.1, 132.2, 

143.7, 152.1, 154.1, 169.0; IR (neat, cm-1): 3058, 2979, 2927, 1776, 1706, 1590, 1492, 

1387; HRMS Exact mass calcd. for C20H18BrN3O3Na+ 450.0424 found 450.0426.  

 
(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-4-ethyl-5-(oxazolidin-2-

one-3-carbonyl)-3-phenyl-1H-pyrazole (4b): Isolated as a white 
foam, m.p. = 77-79 °C. [α]D

25 = +124.2 (c 0.39, CHCl3), 99% ee; 1H 

NMR (CDCl3, 500 MHz) δ 0.89 (t, J = 7.0 Hz, 3H), 1.85 (m, 1H), 2.04 

(m, 1H), 3.69 (m, 1H), 3.89-4.06 (m, 2H), 4.45-4.52 (m, 2H), 5.88 (d, J = 2.5 Hz, 1H), 

6.95 (d, J = 8.5 Hz, 2H), 7.31-7.39 (m, 5H), 7.74 (d, J = 7.5 Hz, 2H).  13C NMR (CDCl3, 

125 MHz) δ 9.5, 24.6, 42.8, 52.6, 63.1, 65.4, 111.6, 114.5, 126.4, 128.8, 129.1, 131.6, 

132.2, 143.3, 150.3, 154.0, 169.0; IR (neat, cm-1): 3058, 2968, 2933, 2877, 1771, 1704, 
1590, 1490, 1385; HRMS Exact mass calcd. for C21H20BrN3O3Na+ 464.0580 found 

464.0566. 

 
(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-3,4-diphenyl-5-

(oxazolidin-2-one-3-carbonyl)-1H-pyrazole (4c):  Isolated as a 
yellow foam, m.p. = 107-110 °C.  [α]D

25 = -47.7 (c 1.46, CHCl3), 97% 

ee; 1H NMR (CDCl3, 500 MHz) δ 3.90-4.01 (m, 2H), 4.45 (t, J = 8.5 

Hz, 2H), 4.63 (d, J = 2.0 Hz, 1H), 5.99 (d, J = 2.0 Hz, 1H), 7.03 (d, J = 9.0 Hz, 2H), 7.25-

7.30 (m, 8H), 7.38 (d, J = 9.0 Hz, 2H), 7.67 (dd, J = 8.0 Hz, 1.5 Hz, 2H). 13C NMR 

(CDCl3, 125 MHz) δ 42.7, 57.5, 63.1, 69.4, 112.0, 115.0, 126.5, 128.0, 128.2, 128.6, 

129.2, 131.3, 132.3, 137.6, 143.5, 146.4, 150.6, 153.7, 168.6; IR (neat, cm-1): 3060, 3031, 
2989, 2923, 1775, 1700, 1588, 1490, 1387; HRMS Exact mass calcd. for 

C25H20BrN3O3Na+ 512.0580 found 512.0580. 
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 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-4-furan-2-yl-5-
(oxazolidin-2-one-3-carbonyl)-1H-pyrazole (4d):  Isolated as a 
yellow foam, m.p. = 105-107 °C. [α]D

25 = -7.9 (c 0.58, CHCl3), 99% ee; 
1H NMR (CDCl3, 500 MHz) δ 3.96-4.07 (m, 2H), 4.50 (t, J = 8.5 Hz, 

2H), 4.82 (d, J = 3.0 Hz, 1H), 6.19 (d, J = 3.0 Hz, 1H), 6.23 (d, J = 3.0 

Hz, 1H), 6.30 (dd, J = 2.0 Hz, 3.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H), 7.29-7.38 (m, 6H), 

7.70 (d, J = 7.0 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 42.8, 50.7, 63.1, 67.2, 108.2, 

111.0, 112.3, 115.0, 126.4, 128.7, 129.2, 131.3, 132.3, 142.7, 143.3, 147.2, 150.6, 153.7, 
168.7; IR (neat, cm-1): 3058, 2989, 2923, 1771, 1704, 1590, 1490, 1387; HRMS Exact 

mass calcd. for C23H18BrN3O4Na+ 502.0373 found 502.0370. 
 

 (4S,5R)-Benzoic acid 1-(4-bromo-phenyl)-4,5-dihydro-5-
(oxazolidin-2-one-3-carbonyl)-3-phenyl-1H-pyrazol-4-yl ester 
(4e):  Isolated as a yellow foam, m.p. = 101-103 °C. [α]D

25 = -46.5 (c 

0.72, CHCl3), 96% ee; 1H NMR (CDCl3, 500 MHz) δ 4.07-4.13 (m, 

2H), 4.49-4.58 (m, 2H), 6.38 (d, J = 3.0 Hz, 1H), 6.80 (d, J = 3.0 Hz, 1H), 7.04 (d, J = 9.0 

Hz, 2H), 7.31-7.43 (m, 7H), 7.57 (t, J = 7.5 Hz, 1H), 7.79 (d, J = 7.5 Hz, 2H), 8.03 (dd, J 

= 8.0 Hz, 1.0 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 43.0, 63.0, 66.9, 78.4, 113.0, 

114.9, 126.1, 128.7, 128.9, 129.0, 129.4, 130.3, 130.4, 132.4, 134.0, 142.3, 144.4, 153.7, 
165.9, 167.7; IR (neat, cm-1): 3062, 2989, 2923, 1775, 1706, 1590, 1492, 1451, 1389; 

HRMS Exact mass calcd. for C26H20BrN3O5Na+ 556.0479 found 556.0490. 
 

(4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-(oxazolidin-2-one-3-
carbonyl)-3-phenyl-1H-pyrazole-4-carboxylic acid tert-butyl ester 
(4f): Isolated as a yellow solid, m.p. = 115-118 °C. [α]D

25 = +50.6 (c 

0.63, CHCl3), 93% ee; 1H NMR (CDCl3, 500 MHz) δ 1.37 (s, 9H), 

3.97-4.10 (m, 2H), 4.29 (d, J = 4.0 Hz, 1H), 4.54 (t, J = 8.0 Hz, 2H), 

6.20 (d, J = 4.0 Hz, 1H), 6.93 (d, J = 9.0 Hz, 2H), 7.32-7.38 (m, 5H), 7.86 (d, J = 8.0 Hz, 

2H).  13C NMR (CDCl3, 125 MHz) δ 27.9, 42.7, 57.7, 63.2, 65.6, 83.4, 112.0, 114.7, 

126.8, 128.5, 129.2, 131.1, 132.2, 142.6, 144.3, 153.7, 167.6, 168.2; IR (neat, cm-1): 
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3060, 2979, 2931, 1775, 1710, 1590, 1492, 1380; HRMS Exact mass calcd. for 

C24H24BrN3O5Na+ 536.0792 found 536.0785. 
 

 (5R)-1-(4-Bromo-phenyl)-4,5-dihydro-5-(oxazolidin-2-one-3-
carbonyl)-3-phenyl-1H-pyrazole (4g): Isolated as a off-white solid, 

m.p. = 240-243 °C. [α]D
25 = +274.5 (c 0.57, CHCl3), 84% ee; 1H NMR 

(CDCl3, 500 MHz) δ 3.28 (dd, J = 5.5 Hz, 17.5 Hz, 1H), 3.90 (dd, J = 

12.5 Hz, 17.5 Hz, 1H), 4.01-4.14 (m, 2H), 4.52-4.60 (m, 2H), 5.94 (dd, J = 5.5 Hz, 12.5 

Hz, 1H), 6.20 (d, J = 9.0 Hz, 2H), 7.34-7.41 (m, 5H), 7.70 (d, J = 7.0 Hz, 2H).  13C NMR 
(CDCl3, 125 MHz) δ 39.0, 42.7, 61.4, 63.2, 111.8, 114.7, 126.1, 128.8, 129.3, 132.0, 

132.2, 143.5, 147.3, 153.8, 169.8; IR (neat, cm-1): 2921, 1787, 1700, 1590, 1503, 1387; 

HRMS Exact mass calcd. for C19H16BrN3O3Na+ 436.0267 found 436.0270. 

 
 (4S,5R)-1-(4-Bromo-phenyl)-4,5-dihydro-3-isopropyl-4-methyl-5-

(oxazolidin-2-one-3-carbonyl)-1H-pyrazole (4h): Isolated as a pink 
foam, m.p. = 74-75 °C. [α]D

25 = +12.1 (c 0.69, CHCl3), 99% ee; 1H 

NMR (CDCl3, 500 MHz) δ 1.14 (d, J = 7.0 Hz, 3H), 1.27 (d, J = 7.0 

Hz, 3H), 1.38 (d, J = 7.0 Hz, 3H), 2.64 (sept, J = 7.0 Hz, 1H), 3.14 (dq, J = 2.5 Hz, 7.0 
Hz, 1H), 3.94-4.05 (m, 2H), 4.50 (t, J = 8.0 Hz, 2H), 5.44 (d, J = 2.5 Hz, 1H), 6.08 (d, J = 

9.0 Hz, 2H), 7.29 (d, J = 9.0 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 17.6, 20.0, 21.4, 

28.0, 42.6, 48.3, 63.1, 67.5, 110.8, 114.3, 132.1, 144.5, 154.0, 160.7, 169.9; IR (neat, cm-

1): 2970, 2933, 2875, 1773, 1706, 1592, 1403, 1387; HRMS Exact mass calcd. for 

C17H20BrN3O3Na+ 416.0580 found 416.0577. 

 
 (4S,5R)-4,5-dihydro-4-methyl-1,3-diphenyl-5-(oxazolidin-2-one-3-

carbonyl)-1H-pyrazole (4i): Isolated as a yellow foam, m.p. = 96-98 
°C. [α]D

25 = +235.9 (c 0.57, CHCl3), 95% ee; 1H NMR (CDCl3, 500 

MHz) δ 1.50 (d, J = 7.5 Hz, 3H), 3.60 (dq, J = 2.0 Hz, 7.5 Hz, 1H), 

3.89-4.01 (m, 2H), 4.46 (m, 2H), 5.72 (d, J = 2.0 Hz, 1H), 6.85 (t, J = 7.0 Hz, 1H), 7.07 
(d, J = 7.5 Hz, 2H), 7.26-7.33 (m, 3H), 7.38 (t, J = 7.0 Hz, 2H), 7.74 (d, J = 7.5 Hz, 2H).  
13C NMR (CDCl3, 125 MHz) δ 18.2, 42.6, 46.4, 63.2, 68.3, 113.0, 119.7, 126.2, 128.8, 
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128.9, 129.5, 131.5, 144.5, 151.4, 154.2, 169.4; IR (neat, cm-1): 3058, 3031, 2977, 2929, 

1771, 1704, 1598, 1505, 1387; HRMS Exact mass calcd. for C20H19N3O3Na+ 372.1319 
found 372.1320. 

 
 (4S,5R)-4-(3-Bromo-phenyl)-4,5-dihydro-1,3-diphenyl-5-

(oxazolidin-2-one-3-carbonyl)-1H-pyrazole (4j): Isolated as a yellow 

foam, m.p. = 118-121 °C. [α]D
25 = -93.1 (c 0.64, CHCl3), 97% ee; 1H 

NMR (CDCl3, 500 MHz) δ 3.97-4.07 (m, 2H), 4.52 (m, 2H), 4.58 (d, J 

= 2.0 Hz, 1H), 6.01 (d, J = 2.0 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 
7.19 (t, J = 8.0 Hz, 1H), 7.26-7.34 (m, 7 H), 7.41 (dt, J = 8.0 Hz, 1.0 Hz, 1H), 7.48 (t, J = 

1.5 Hz, 1H), 7.67 (dd, J = 8.0 Hz, 1.0 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 42.7, 56.7, 

63.2, 69.3, 113.5, 120.3, 123.2, 126.4, 126.9, 128.7, 129.0, 129.6, 130.8, 131.0, 131.3, 

131.4, 140.1, 144.2, 149.3, 153.8, 168.5; IR (neat, cm-1): 3058, 2989, 2923, 1776, 1704, 
1598, 1503, 1387; HRMS Exact mass calcd. for C25H21BrN3ONa+ 512.0580 found 

512.0586. 
 

 (4S,5R)-1,3-Bis-(4-bromo-phenyl)-4,5-dihydro-4-methyl-5-
(oxazolidin-2-one-3-carbonyl)-1H-pyrazole (4k): Isolated as a 
yellow solid, m.p. = 215-217 °C. [α]D

25 = +202.9 (c 0.62, CHCl3), 

95% ee; 1H NMR (CDCl3, 500 MHz) δ 1.50 (d, J = 7.5 Hz, 3H), 

3.58 (dq, J = 2.0 Hz, 7.5 Hz, 1H), 3.95-4.07 (m, 2H), 4.51-4.55 (m, 2H), 5.69 (d, J = 2.0 

Hz, 1H), 6.50 (d, J = 9.0 Hz, 2H), 7.37 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 9.0 Hz, 2H), 7.60 

(d, J = 9.0 Hz, 2H). 13C NMR (CDCl3, 125 MHz) δ 18.1, 42.6, 46.5, 63.3, 68.4, 112.1, 

114.8, 123.1, 127.7, 130.1, 132.0, 132.3, 143.5, 151.1, 154.1, 168.9; IR (neat, cm-1): 
3056, 2977, 2925, 1771, 1704, 1594, 1788; HRMS Exact mass calcd. for 

C20H17Br2N3O3Na+ 527.9529 found 527.9525. 
 

 (4S,5R)-1-(2-Bromo-4-methoxy-phenyl)-4,5-dihydro-4-methyl-5-
(oxazolidin-2-one-3-carbonyl)-3-phenyl-1H-pyrazole (4l): Isolated 
as a off-white foam, m.p. = 74-76 °C. [α]D

25 = +7.34 (c 0.29, CHCl3), 
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96% ee; 1H NMR (CDCl3, 500 MHz) δ 1.57 (d, J = 7.0 Hz, 3H), 3.66 (dq, J = 1.5 Hz, 7.0 

Hz, 1H), 3.79 (s, 3H), 3.90 (t, J = 8.0 Hz, 2H), 4.39-4.47 (m, 2H), 6.13 (d, J = 1.5 Hz, 

1H), 6.87 (m, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.72-7.76 (m, 3H).  
13C NMR (CDCl3, 500 MHz) δ 17.4, 42.6, 47.4, 55.9, 63.0, 71.4, 113.7, 114.9, 124.5, 

126.1, 126.3, 128.8, 129.0, 131.4, 136.6, 152.4, 153.0, 156.4, 170.0; IR (neat, cm-1): 

3058, 2975, 2838, 1771, 1706, 1605, 1493, 1387; HRMS Exact mass calcd. for 

C21H20BrN3O4Na+ 480.0529 found 480.0527. 
 

Crystal Structure for Intermediate 4k  
-(Crystal data and structure refinement for 4k can be found in the attached CIF file) 
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