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1. General information 

Unless otherwise noted, materials were purchased from commercial suppliers and 

used without further purification. Column chromatography was performed on silica gel 

(200~300 mesh). Diastereomeric ratios (dr) were determined by1H NMR (400 MHz). 

Enantiomeric excesses (ee) were determined by HPLC using corresponding 

commercial chiral columns as stated at 30 °C with UV detector at 254 nm. Optical 

rotations were reported as follows: [α]17
D  (c g/100 mL, solvent). All 1H NMR spectra 

were recorded on Bruker Avance Ⅱ 400 MHz. 19F NMR spectra were recorded on 

Bruker Avance Ⅱ 377 MHz and. 13C NMR spectra were recorded on Bruker Avance Ⅱ 

101 MHz with chemical shifts reported as ppm (in CDCl3, TMS as internal standard). 

Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = 

singlet, d = doublet, t = triplet, m = multiplet, br = broad singlet, dd = double doublet, 

coupling constants in Hz, integration). HRMS (ESI) was obtained with a HRMS/MS 

instrument (LTQ Orbitrap aXLTM). The absolute configuration of 3aa was assigned 

by the X-ray analysis.  

2. General experimental procedures 

Starting Materials. All solvents, inorganic reagents were from commercial sources 

and used without purification unless otherwise noted. β,γ-alkynyl-α-imino esters and 

isoxazol-5(4H)-ones were prepared following the literature procedures.1 
2.1 Experimental procedures and characterization of compounds 1 

 

The substrates 1 containing drug fragments were prepared based on literature 

procedures.2 

Into a 100 mL round-bottom flask equipped with a magnetic stir-bar was added 

solution of oxalyl chloride (2.0 equiv) in DCM (20 mL). The mixture was stirred at 

0 ℃, and a solution of an appropriate Drug (1.0 equiv) in dry DCM (0.3 M) was added 

drop-wise over 30 min. When the addition was completed, the mixture was allowed to 

warm to room temperature for 2 h. Excess oxalyl chloride was removed by vacuum 

distillation. The alkyloxyoxalyl chloride S1 was used for the next step without 

purification. 

A two necked round bottomed flask was charged with CuI (10 mol%) and THF (0.3 

M), trimethylamine (2.0 equiv), alkyne (1.0 equiv) and ethyl 2 –chloro-2- oxoacetate 

(1.5 equiv) were added sequentially and the resulting mixture was stirred at room 

temperature for 24 hours. The reaction was quenched by saturated NaHCO3 aqueous 

solution and the aqueous phase was extracted with ethyl acetate. The organic phases 

were combined, dried over Na2SO4 and concentrated under vacuum. The crude product 

was purified by silica gel chromatography (PE/ ethyl acetate 20:1) to give the S2. 

An oven-dried round bottom flask was added ketoesters S2 (1.0 equiv), N-Boc 
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triphenyliminophosphorane or N-Cbztriphenyliminophosphorane (1.2 equiv) and 

toluene. The mixture was heated to 120 °C using an oil bath and stirred for 24 - 72hrs. 

After cooling to room temperature, the mixture was concentrated under vacuum. The 

residue was purified by silica gel chromatography (PE/ ethyl acetate 10:1) to give the 

(1S,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl-2-((tert-

butoxycarbonyl)imino)-4-phenylbut-3-ynoate (1j) 

 

The product was obtained as a white oil (23% yield); [α]17
D  = 6.480 (c 0.89, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.1 Hz, 2H), 7.48 (m, J = 7.5 Hz, 1H), 7.40 

(m, J = 7.4 Hz, 2H), 5.10 (d, J = 9.8 Hz, 1H), 2.47 (tt, J = 14.1, 4.3 Hz, 1H), 2.16 (ddd, 

J = 13.1, 9.3, 4.3 Hz, 1H), 1.83 – 1.74 (m, 2H), 1.60 (s, 9H), 1.47 – 1.38 (m, 1H), 1.36 

– 1.29 (m, 1H), 1.15 (dd, J = 14.0, 3.4 Hz, 1H), 0.96 – 0.91 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 160.97, 160.31, 145.18, 132.81, 131.00, 128.78, 120.09, 

100.72, 84.07, 83.27, 81.29, 49.30, 48.01, 44.93, 36.57, 28.15, 27.98, 27.06, 19.69, 

18.89, 13.56. 

HRMS (ESI): exact mass calculated for [M+Na]+(C25H31NO4+Na+) requires m/z 

432.2151, found m/z 432.2146. 

2.2 General Procedure for the synthesis of products 3 

 

To a solution of DCM (2.0 mL) were added β,γ-alkynyl-α-imino esters 1 (0.1 mmol), 

pyrazolone 2 (0.12 mmol) and catalyst (DHQ)2PYR (0.01 mmol). The reaction mixture 

was stirred at -20 oC for 12-24 h and then the solvent was removed under vacuum. The 

residue was purified by silica gel chromatography to yield the desired product 3. 

2.3 Gram-scale synthesis of product 3am 

 

To a solution of DCM (24.0 mL) were added β,γ-alkynyl-α-imino esters 1a (2.2 

mmol), pyrazolone 2m (2.6 mmol) and catalyst (DHQ)2PYR (0.22 mmol). The reaction 

mixture was stirred at -20 oC for 12 h and then the solvent was removed under vacuum. 

The residue was purified by silica gel chromatography to yield the desired product 3am. 
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2.4 Synthetic Transformations of product 4 

 

To an oven-dried round-bottom flask, equipped with a magnetic stir bar, compound 

3am (70.5 mg, 0.1 mmol, 1.0 equiv) was taken and treated with Pd(PPh3)4 (23.1 mg, 

0.02 mmol, 20 mol %), phenylboronic acid (24.4 mg, 0.2 mmol, 2 equiv), and Na2CO3 

(15.9 mg, 0.15 mmol, 1.5 equiv) in THF/H2O (1 mL, 10:1). The reaction mixture was 

stirred at 70 °C for 8 h. Upon completion of the reaction, the reaction was quenched 

with brine and extracted with DCM. The combined organic layers were dried and 

concentrated under reduced pressure. Then, the reaction mixture was purified using 

silica gel flash column chromatography to afford the product 4 as a white solid (64.00 

mg, 91% yield, 87% ee). 
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3. Optimization of reaction conditions 

 
 

Entrya Cat. Solvent t[h] Yield[%]b drc ee[%]d 

1 DPP DCE 72 49 5:1 -- 

2 C1 DCE 12 72 >20:1 -36 
3 C2 DCE 12 68 10:1 58 
4 C3 DCE 12 71 >20:1 54 
5 C4 DCE 12 66 >20:1 51 
6 C5 DCE 12 36 1.1:1 32 
7 C5 DCE 12 74 >20:1 64 

8 C7 DCE 10 94 >20:1 78 
9 C8 DCE 72 45 3:1 6 

10 C9 DCE 72 43 5:1 6 

11 C10 DCE 72 47 2:1 22 

12 C11 DCE 72 42 5:1 30 

13 C12 DCE 72 45 5:1 34 

14 C13 DCE 72 46 1:1 -10 

15 C7 DCM 9 78 >20:1 80 

16 C7 EtOAc 10 94 >20:1 79 
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17 C7 THF 12 84 >20:1 75 

18h C7 DCM 10 80 >20:1 70 

19i C7 DCM 11 91 >20:1 82 

20f C7 DCM 12 77 >20:1 81 

21g C7 DCM 10 80 >20:1 81 

22j C7 DCM 11 84 >20:1 84 

23je C7 DCM 11 93 >20:1 84 

24k C7 DCM 12 87 >20:1 87 

25kg C7 DCM 12 93 >20:1 88 

26kf C7 DCM 12 88 >20:1 90 

27ki C7 DCM 21 85 >20:1 90 

28kfi C7 DCM 21 85 >20:1 88 

29kl C7 DCM 16 86 >20:1 90 
a The reaction was conducted with 1a (0.1 mmol), 2a (0.12 mmol) and Cat. (10 mol %) 

in solvent (1.0 mL) at rt. b Isolated yield. c Determined by 1H NMR of the crude mixture. 
d Detected by chiral HPLC analysis. e 2a (1.5 equiv) was added. f DCM (2.0 mL) was 

used. g DCM (0.5 mL) was used. h catalyst (20 mol%) was used. i catalyst (5 mol%) was 

used. j The temperature is 0 oC. k The temperature is -20 oC. l DCM (4 mL) was used. 

4. Characterization Data 

ethyl(R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)a-mino)-4-phenylbuta-2,3-dienoate (3aa) 

 

yellow solid, 88% yield, dr > 20:1, mp 95.3-96.5 oC; [α]17
D  = 30.488 (c 0.57, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.25 – 8.16 (m, 2H), 7.43 (d, J = 7.3 Hz, 2H), 7.38 – 

7.31 (m, 3H), 7.24 – 7.17 (m, 4H), 7.06 – 6.99 (m, 4H), 6.91 (m, J = 14.5, 7.0 Hz, 3H), 

6.73 (d, J = 6.7 Hz, 2H), 6.41 (s, 1H), 4.38 (dq, J = 10.6, 7.1 Hz, 1H), 4.24 (dq, J = 

10.6, 7.1 Hz, 1H), 3.50 – 3.40 (m, 2H), 1.49 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.68, 172.72, 164.76, 157.91, 151.72, 137.64, 134.72, 

134.26, 131.17, 130.34, 129.85, 128.74, 128.50, 128.23, 127.86, 127.80, 127.67, 

127.38, 127.23, 125.62, 120.27, 115.96, 105.62, 81.00, 63.46, 62.85, 42.27, 28.42, 

14.39.  

HRMS (ESI): exact mass calculated for [M+Na]+(C39H37N3O5+Na+) requires m/z 

650.2631, found m/z 650.2624. The enantiomeric excess was determined to be 90% by 

HPLC. [IE+ID column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 14.4 min 

(minor), 19.5 min (major). 

 



S6 
 

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(2-fluorobenzyl)-5-oxo-1,3-

diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ab) 

 

white solid, 84% yield, dr > 20:1, mp 93.3-93.9 oC; [α]17
D  = 45.310 (c 0.76, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.29 (dd, J = 6.7, 2.9 Hz, 2H), 7.60 (d, J = 8.1 Hz, 2H), 

7.45 – 7.38 (m, 3H), 7.34 – 7.26 (m, 4H), 7.13 (dd, J = 19.4, 5.7 Hz, 4H), 6.98 (m, J = 

14.8, 7.1 Hz, 2H), 6.75 (q, J = 9.0, 8.0 Hz, 2H), 6.51 (s, 1H), 4.52 – 4.43 (m, 1H), 4.37 

– 4.28 (m, 1H), 3.74 (d, J = 13.2 Hz, 1H), 3.56 (d, J = 13.5 Hz, 1H), 1.58 (s, 9H), 1.48 

(t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.64, 172.57, 164.72, 164.67, 162.30, 159.84, 158.01, 

151.70, 137.69, 134.61, 134.56, 131.90, 131.86, 130.85, 130.29, 129.11, 129.03, 128.78, 

128.49, 128.23, 127.83, 127.36, 125.55, 123.49, 121.69, 121.53, 120.04, 115.97, 115.24, 

115.02, 105.77, 81.05, 62.88, 62.78, 34.81, 28.40, 14.34. 
19F NMR (377 MHz, CDCl3) δ -114.34. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36FN3O5+Na+) requires m/z 

668.2531, found m/z 668.2527. The enantiomeric excess was determined to be 71% by 

HPLC. [IE+ID column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 16.2 min 

(minor), 20.4 min (major). 

ethyl (R)-4-((S)-4-(3-bromobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-

4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ad) 

 

yellow solid, 78% yield, dr > 20:1, mp 152.5-152.8 oC; [α]17
D  = 25.68 (c 1.17, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.20 – 8.16 (m, 2H), 7.47 (d, J = 7.4 Hz, 2H), 7.36 (dd, 

J = 5.3, 2.0 Hz, 3H), 7.25 (m, J = 7.8 Hz, 2H), 7.19 (dd, J = 6.7, 3.0 Hz, 2H), 7.09 (d, 

J = 7.4 Hz, 2H), 7.05 – 7.01 (m, 3H), 6.84 (s, 1H), 6.76 (m, J = 7.8 Hz, 1H), 6.66 (d, J 

= 7.7 Hz, 1H), 6.41 (s, 1H), 4.38 (dq, J = 10.6, 7.1 Hz, 1H), 4.26 (dq, J = 10.6, 7.1 Hz, 

1H), 3.44 – 3.35 (m, 2H), 1.50 (s, 9H), 1.38 (d, J = 14.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.55, 172.49, 164.64, 157.76, 151.70, 137.45, 136.64, 

134.55, 132.85, 130.97, 130.52, 130.35, 129.38, 128.86, 128.81, 128.52, 128.44, 
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128.30, 127.77, 127.35, 125.78, 121.77, 120.31, 115.64, 105.68, 81.08, 77.43, 77.11, 

76.79, 63.20, 62.89, 41.62, 28.41, 14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36BrN3O5+Na+) requires m/z 

728.1731, found m/z 728.1726. The enantiomeric excess was determined to be 82% by 

HPLC. [ID+IF column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 18.1 min 

(minor), 21.7 min (major). 

 

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(3-methylbenzyl)-5-oxo-1,3-

diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ac) 

 

white solid, 86% yield, dr > 20:1, mp 139.8-140.5 oC; [α]17
D  = 30.610 (c 0.97, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.30 – 8.23 (m, 2H), 7.57 – 7.52 (m, 2H), 7.42 (dd, J = 

5.2, 2.0 Hz, 3H), 7.34 – 7.27 (m, 4H), 7.17 – 7.09 (m, 4H), 6.90 – 6.82 (m, 2H), 6.62 – 

6.56 (m, 2H), 6.50 (s, 1H), 4.46 (dq, J = 10.7, 7.1 Hz, 1H), 4.35 (dq, J = 10.6, 7.1 Hz, 

1H), 3.49 (d, J = 2.2 Hz, 2H), 1.99 (s, 3H), 1.58 (s, 9H), 1.47 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 203.11, 173.28, 165.12, 158.45, 152.07, 138.04, 137.67, 

135.11, 134.43, 131.66, 130.89, 130.64, 129.07, 129.04, 128.86, 128.57, 128.26, 

128.15, 128.02, 127.76, 127.19, 125.94, 120.62, 116.31, 105.95, 81.33, 63.78, 63.19, 

42.63, 28.77, 21.43, 14.74. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2784. The enantiomeric excess was determined to be 90% by 

HPLC. [IF+IG column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 13.4 min 

(minor), 15.2 min (major). 

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(4-(tert-butyl)benzyl)-5-oxo-

1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ae) 

 

white solid, 82% yield, dr > 20:1, mp 145.3-145.8 oC; [α]17
D  = 40.467 (c 0.77, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.30 – 8.24 (m, 2H), 7.42 – 7.33 (m, 5H), 7.27 – 7.20 

(m, 4H), 7.10 – 7.04 (m, 4H), 6.96 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 6.47 



S8 
 

(s, 1H), 4.44 (dq, J = 10.5, 7.1 Hz, 1H), 4.28 (dq, J = 10.5, 7.1 Hz, 1H), 3.53 – 3.39 (m, 

2H), 1.53 (s, 9H), 1.42 (t, J = 7.1 Hz, 3H), 1.11 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 202.88, 172.78, 164.78, 157.95, 151.73, 150.00, 137.61, 

134.81, 131.35, 131.14, 131.03, 130.29, 129.59, 128.75, 128.66, 128.52, 128.21, 

127.76, 127.39, 125.72, 124.68, 120.70, 115.97, 105.69, 80.97, 63.47, 62.84, 41.93, 

34.37, 31.29, 28.43, 14.41. 

HRMS (ESI): exact mass calculated for [M+Na]+(C43H45N3O5+Na+) requires m/z 

706.3251, found m/z 706.3256. The enantiomeric excess was determined to be 89% by 

HPLC. [IF+IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 13.7 min (minor), 

15.5 min (major). 

ethyl (R)-4-((S)-4-(4-bromobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-

4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3af) 

 

white solid, 86% yield, dr > 20:1, mp 98.4-98.9 oC; [α]17
D  = 31.289 (c 1.29, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 6.9, 2.9 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 

7.34 (d, J = 6.6 Hz, 3H), 7.24 (m, J = 7.8 Hz, 2H), 7.17 (dd, J = 6.8, 3.0 Hz, 2H), 7.10 

– 6.99 (m, 6H), 6.59 (d, J = 8.0 Hz, 2H), 6.41 (s, 1H), 4.37 (dq, J = 10.6, 7.1 Hz, 1H), 

4.24 (dq, J = 10.9, 7.1 Hz, 1H), 3.40 (q, J = 13.0 Hz, 2H), 1.49 (s, 9H), 1.38 (t, J = 7.1 

Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.53, 172.51, 164.65, 157.70, 151.72, 137.50, 134.56, 

133.41, 131.57, 130.98, 130.95, 130.50, 128.83, 128.51, 128.29, 127.77, 127.32, 

125.77, 121.37, 120.16, 115.73, 105.66, 81.06, 63.23, 62.87, 41.50, 28.41, 14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36BrN3O5+Na+) requires m/z 

728.1731, found m/z 728.1727. The enantiomeric excess was determined to be 90% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 6.0 min (major), 7.2 

min (minor). 

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(4-chlorobenzyl)-5-oxo-1,3-

diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ag) 
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white solid, 65% yield, dr > 20:1, mp 93.0-93.8 oC; [α]17
D  = 11.000 (c 0.10, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.25 – 8.16 (m, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.34 (d, 

J = 5.4 Hz, 3H), 7.24 (m, J = 7.8 Hz, 2H), 7.20 – 7.14 (m, 2H), 7.09 – 6.99 (m, 4H), 

6.87 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 6.41 (s, 1H), 4.36 (dq, J = 14.4, 7.0 

Hz, 1H), 4.24 (dq, J = 14.2, 7.6 Hz, 1H), 3.42 (q, J = 13.0 Hz, 2H), 1.49 (s, 9H), 1.38 

(t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.55, 172.54, 164.66, 157.73, 151.73, 137.53, 134.57, 

133.14, 132.90, 131.21, 130.97, 130.50, 128.83, 128.52, 128.29, 128.03, 127.77, 

127.33, 125.75, 120.13, 115.75, 105.66, 81.06, 63.31, 62.87, 41.46, 28.41, 14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36ClN3O5+Na+) requires m/z 

684.2241, found m/z 684.2229. The enantiomeric excess was determined to be 91% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 5.8 min (major), 6.8 

min (minor). 

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-methyl-5-oxo-1,3-diphenyl-4,5-

dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ah) 

 

white solid, 89% yield, dr > 20:1, mp 134.8-135.8 oC; [α]17
D  = 96.167 (c 0.86, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.31 (dd, J = 7.4, 2.3 Hz, 2H), 7.99 – 7.95 (m, 2H), 7.44 

– 7.39 (m, 5H), 7.25 – 7.19 (m, 3H), 7.11 (dd, J = 5.1, 1.9 Hz, 3H), 6.46 (s, 1H), 4.45 

– 4.36 (m, 1H), 4.35 – 4.26 (m, 1H), 1.74 (s, 3H), 1.55 (s, 9H), 1.42 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.89, 173.87, 164.75, 160.26, 151.62, 138.31, 134.66, 

130.43, 130.13, 128.94, 128.66, 128.52, 128.19, 127.51, 127.46, 125.34, 119.38, 

116.31, 105.45, 80.89, 62.78, 57.45, 28.36, 22.94, 14.24. 

HRMS (ESI): exact mass calculated for [M+Na]+(C33H33N3O5+Na+) requires m/z 

574.2318, found m/z 574.2310. The enantiomeric excess was determined to be 91% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 9.6 min (minor), 

10.6 min (major). 

ethyl (R)-4-((S)-4-benzyl-3-(2-fluorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3aj) 

 

white solid, 86% yield, dr > 20:1, mp 82.5-83.3 oC; [α]17
D  = 3.810 (c 1.05, CH2Cl2); 
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1H NMR (400 MHz, CDCl3) δ 8.62 (m, J = 8.7 Hz, 1H), 7.45 (d, J = 7.3 Hz, 2H), 7.33 

– 7.28 (m, 1H), 7.25 – 7.20 (m, 5H), 7.07 – 7.03 (m, 4H), 7.02 – 6.90 (m, 4H), 6.73 (d, 

J = 6.9 Hz, 2H), 6.39 (s, 1H), 4.36 (dq, J = 10.5, 7.1 Hz, 1H), 4.25 (dq, J = 10.8, 7.1 

Hz, 1H), 3.41 (d, J = 2.8 Hz, 2H), 1.47 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.62, 172.10, 164.65, 161.72, 159.13, 154.60, 154.54, 

151.68, 137.55, 134.52, 134.12, 131.51, 131.42, 131.12, 129.55, 128.75, 128.56, 

128.32, 128.03, 127.82, 127.33, 125.70, 124.53, 124.49, 120.29, 119.37, 119.28, 

116.82, 116.61, 115.82, 105.61, 80.98, 63.91, 62.85, 41.93, 28.39, 14.35. 
19F NMR (377 MHz, CDCl3) δ -107.68. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36FN3O5+Na+) requires m/z 

668.2531, found m/z 668.2526. The enantiomeric excess was determined to be 80% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 11.1 min (minor), 

13.0 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1-phenyl-3-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-

yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ai) 

 

white solid, 80% yield, dr > 20:1, mp 124.5-125.1 oC; [α]17
D  = 37.822 (c 0.85, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.45 (d, J = 7.3 

Hz, 2H), 7.24 (dd, J = 9.8, 7.6 Hz, 3H), 7.20 – 7.16 (m, 2H), 7.13 (d, J = 7.2 Hz, 1H), 

7.07 – 7.00 (m, 4H), 6.95 – 6.88 (m, 3H), 6.75 (d, J = 6.7 Hz, 2H), 6.42 (s, 1H), 4.38 

(dq, J = 10.6, 7.1 Hz, 1H), 4.24 (dq, J = 10.5, 7.1 Hz, 1H), 3.52 – 3.39 (m, 2H), 2.34 (s, 

3H), 1.48 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.74, 172.68, 164.83, 158.10, 151.66, 138.41, 137.67, 

134.90, 134.33, 131.25, 131.04, 129.89, 128.74, 128.66, 128.46, 128.15, 127.83, 

127.73, 127.20, 127.04, 125.59, 124.95, 120.27, 116.05, 105.56, 80.86, 63.39, 62.84, 

42.44, 28.37, 21.47, 14.35. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2789. The enantiomeric excess was determined to be 89% by 

HPLC. [IE+ID column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 13.9 min 

(minor), 15.3 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1-phenyl-3-(m-tolyl)-4,5-dihydro-1H-pyrazol-4-

yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ak) 
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white solid, 82% yield, dr > 20:1, mp 123.6-124.1 oC; [α]17
D  = 35.445 (c 0.82, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.45 (d, J = 8.8 

Hz, 2H), 7.22 (dq, J = 16.6, 8.5, 8.1 Hz, 5H), 7.13 (d, J = 7.6 Hz, 1H), 7.06 – 6.99 (m, 

4H), 6.91 (m, J = 14.1, 6.9 Hz, 3H), 6.78 – 6.72 (m, 2H), 6.42 (d, J = 2.2 Hz, 1H), 4.42 

– 4.33 (m, 1H), 4.24 (dq, J = 10.6, 7.1 Hz, 1H), 3.46 (q, J = 12.9 Hz, 2H), 2.33 (s, 3H), 

1.47 (s, 9H), 1.37 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 202.76, 172.69, 164.83, 158.10, 151.67, 138.42, 137.68, 

134.91, 134.34, 131.26, 131.05, 129.90, 128.74, 128.67, 128.47, 128.17, 127.84, 

127.74, 127.21, 127.04, 125.59, 124.96, 120.27, 116.06, 105.57, 80.87, 63.41, 62.85, 

42.46, 28.38, 21.48, 14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2783. The enantiomeric excess was determined to be 88% by 

HPLC. [IE+IF column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 14.1 min (minor), 

15.8 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1-phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-

yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3al) 

  

yellow solid, 96% yield, dr > 20:1, mp 184.2-184.8 oC; [α]17
D  = 43.783 (c 1.13, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.9 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.25 

– 7.12 (m, 7H), 7.04 (dd, J = 10.3, 5.7 Hz, 4H), 6.92 (m, J = 14.6, 7.1 Hz, 3H), 6.75 (d, 

J = 7.4 Hz, 2H), 6.40 (s, 1H), 4.39 (dq, J = 14.1, 7.2 Hz, 1H), 4.30 – 4.21 (m, 1H), 3.44 

(q, J = 12.8 Hz, 2H), 2.31 (s, 3H), 1.51 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.68, 172.63, 164.78, 157.94, 151.68, 140.45, 137.67, 

134.74, 134.31, 129.87, 129.48, 128.69, 128.46, 128.16, 127.79, 127.28, 127.16, 

125.51, 120.26, 116.03, 105.54, 80.92, 63.41, 62.81, 42.29, 28.41, 21.71, 14.37. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2778. The enantiomeric excess was determined to be 91% by 
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HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 6.1 min (major), 7.3 

min (minor). 

ethyl (R)-4-((S)-4-benzyl-3-(4-bromophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3am) 

 

yellow solid, 74% yield, dr > 20:1, mp 185.9-186.5 oC; [α]17
D  = 63.405 (c 0.70, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.42 

(d, J = 7.4 Hz, 2H), 7.22 (m, J = 7.9 Hz, 2H), 7.14 (m, J = 4.7, 2.9 Hz, 2H), 7.08 – 7.02 

(m, 4H), 6.93 (m, J = 14.4, 7.0 Hz, 3H), 6.73 (d, J = 7.5 Hz, 2H), 6.43 (s, 1H), 4.38 (dq, 

J = 10.5, 7.1 Hz, 1H), 4.24 (dq, J = 10.6, 7.1 Hz, 1H), 3.43 (s, 2H), 1.50 (s, 9H), 1.38 

(t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 201.58, 171.50, 163.49, 155.87, 150.70, 136.38, 133.50, 

132.93, 131.77, 130.93, 128.95, 128.64, 127.74, 127.67, 127.46, 127.21, 126.82, 

126.54, 126.23, 124.67, 123.71, 119.16, 114.59, 104.65, 80.06, 62.11, 61.78, 41.25, 

27.33, 13.25. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36BrN3O5+Na+) requires m/z 

728.1731, found m/z 728.1727. The enantiomeric excess was determined to be 90% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 5.6 min (major), 6.4 

min (minor). 

ethyl (R)-4-((S)-4-benzyl-3-(4-chlorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3an) 

  

white solid, 87% yield, dr > 20:1, mp 181.4-181.9 oC; [α]17
D  = 69.522 (c 1.11, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 7.4 Hz, 2H), 7.31 

(d, J = 8.7 Hz, 2H), 7.24 (m, J = 7.9 Hz, 2H), 7.17 – 7.13 (m, 2H), 7.10 – 7.03 (m, 4H), 

6.94 (m, J = 14.5, 7.0 Hz, 3H), 6.74 (d, J = 6.7 Hz, 2H), 6.43 (s, 1H), 4.39 (dq, J = 10.6, 

7.1 Hz, 1H), 4.25 (dq, J = 10.6, 7.1 Hz, 1H), 3.43 (s, 2H), 1.51 (s, 9H), 1.39 (t, J = 7.1 

Hz, 3H). 
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13C NMR (101 MHz, CDCl3) δ 202.65, 172.59, 164.59, 156.89, 151.78, 137.47, 136.23, 

134.59, 134.03, 129.72, 129.60, 129.04, 128.76, 128.62, 128.54, 128.29, 127.90, 

127.64, 127.31, 125.75, 120.26, 115.68, 105.72, 81.14, 63.23, 62.88, 42.32, 28.42, 

14.33. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36ClN3O5+Na+) requires m/z 

684.2241, found m/z 684.2239. The enantiomeric excess was determined to be 90% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 5.5 min (major), 6.3 

min (minor). 

ethyl (R)-4-((S)-4-benzyl-3-(naphthalen-2-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ao) 

 

white solid, 85% yield, dr > 20:1, mp 110.2-110.9 oC; [α]17
D  = 135.910 (c 0.84, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.90 (s, 1H), 8.41 (d, J = 7.0 Hz, 1H), 7.98 (dd, J = 8.7, 

1.8 Hz, 1H), 7.70 (m, J = 7.9 Hz, 2H), 7.50 (d, J = 7.2 Hz, 2H), 7.44 – 7.37 (m, 2H), 

7.26 – 7.18 (m, 4H), 7.09 – 7.04 (m, 1H), 6.99 – 6.90 (m, 4H), 6.86 (m, J = 7.4 Hz, 2H), 

6.73 (d, J = 6.9 Hz, 2H), 6.51 (s, 1H), 4.39 (dq, J = 10.6, 7.1 Hz, 1H), 4.25 (dq, J = 

10.5, 7.1 Hz, 1H), 3.63 – 3.47 (m, 2H), 1.55 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.78, 172.74, 164.85, 157.91, 151.90, 137.74, 135.05, 

134.26, 134.19, 133.76, 132.89, 129.95, 129.88, 128.81, 128.55, 128.28, 128.17, 

128.05, 127.88, 127.64, 127.60, 127.26, 127.22, 125.96, 125.67, 123.35, 120.29, 

116.43, 105.68, 80.98, 63.40, 62.95, 43.04, 28.45, 14.37. 

HRMS (ESI): exact mass calculated for [M+Na]+(C43H39N3O5+Na+) requires m/z 

700.2787, found m/z 700.2787. The enantiomeric excess was determined to be 88% by 

HPLC. [IE+IF column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 14.8 min (minor), 

16.5 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1-phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ap) 

 

yellow solid, 85% yield, dr > 20:1, mp 92.8-93.5 oC; [α]17
D  = 28.893 (c 1.02, CH2Cl2); 
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1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 3.8 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.29 

(d, J = 5.0 Hz, 1H), 7.22 – 7.17 (m, 4H), 7.07 – 7.01 (m, 5H), 6.96 (q, J = 7.4, 6.4 Hz, 

3H), 6.82 (d, J = 5.8 Hz, 2H), 6.40 (s, 1H), 4.38 (dq, J = 10.5, 7.1 Hz, 1H), 4.23 (dt, J 

= 10.6, 7.1 Hz, 1H), 3.47 – 3.39 (m, 2H), 1.47 (s, 9H), 1.38 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 203.07, 172.14, 164.64, 154.48, 151.76, 137.35, 134.62, 

134.53, 134.02, 130.97, 129.81, 128.70, 128.56, 128.46, 128.25, 128.10, 127.98, 

127.78, 127.33, 125.66, 120.35, 115.54, 105.63, 81.08, 63.83, 62.85, 42.74, 28.33, 

14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C37H35N3O5S+Na+) requires m/z 

656.2195, found m/z 656.2188. The enantiomeric excess was determined to be 91% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 6.9 min (major), 

12.1 min (minor). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-3-phenyl-1-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-

yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3aq) 

  

white solid, 88% yield, dr > 20:1, mp 85.0-85.6 oC; [α]17
D  = 9.323 (c 1.14, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.29 (dd, J = 7.5, 2.2 Hz, 2H), 7.43 – 7.37 (m, 3H), 7.28 

(dd, J = 6.7, 3.0 Hz, 2H), 7.09 (dd, J = 5.1, 1.9 Hz, 3H), 7.06 – 6.92 (m, 6H), 6.81 (d, J 

= 6.9 Hz, 2H), 6.43 – 6.33 (m, 2H), 4.41 (dq, J = 10.6, 7.1 Hz, 1H), 4.28 (dq, J = 10.6, 

7.1 Hz, 1H), 3.58 – 3.36 (m, 2H), 1.53 (s, 3H), 1.48 (s, 9H), 1.41 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.31, 172.71, 164.93, 157.36, 135.64, 135.31, 134.80, 

134.70, 131.66, 130.98, 130.35, 130.29, 128.94, 128.49, 128.45, 128.35, 128.27, 

128.09, 127.38, 127.25, 126.35, 126.22, 115.79, 105.03, 80.92, 62.84, 41.30, 28.41, 

17.71, 14.44. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2781. The enantiomeric excess was determined to be 80% by 

HPLC. [ID+IG column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 18.2 min 

(minor), 21.3 min (major). 

ethyl (R)-4-((S)-4-benzyl-1-(2-fluorophenyl)-5-oxo-3-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ar) 

 

white solid, 92% yield, dr > 20:1, mp 98.0-98.7 oC; [α]17
D  = 43.762 (c 1.07, CH2Cl2); 
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1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 6.6, 2.9 Hz, 2H), 7.38 – 7.27 (m, 5H), 7.15 

– 7.04 (m, 5H), 6.96 (m, J = 27.7, 7.5 Hz, 4H), 6.80 (d, J = 7.1 Hz, 2H), 6.57 – 6.50 (m, 

1H), 6.42 (s, 1H), 4.37 (dq, J = 10.4, 7.1 Hz, 1H), 4.22 (dq, J = 10.6, 7.1 Hz, 1H), 3.55 

– 3.39 (m, 2H), 1.50 (s, 9H), 1.36 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.55, 172.78, 164.78, 158.51, 158.33, 155.80, 151.70, 

134.64, 134.33, 131.10, 130.35, 130.18, 129.61, 129.54, 128.77, 128.44, 128.26, 

128.01, 127.96, 127.51, 127.31, 127.26, 124.69, 124.57, 124.26, 124.22, 116.78, 

116.59, 115.82, 105.58, 80.98, 62.82, 62.55, 41.98, 28.42, 14.39. 
19F NMR (377 MHz, CDCl3) δ -118.41. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36FN3O5+Na+) requires m/z 

668.2531, found m/z 668.2527. The enantiomeric excess was determined to be 82% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 7.8 min (major), 

12.4 min (minor). 

ethyl (R)-4-((S)-4-benzyl-1-(4-bromophenyl)-5-oxo-3-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3as) 

 

white solid, 65% yield, dr > 20:1, mp 175.6-176.3 oC; [α]17
D  = 2.906 (c 0.93, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.29 (dd, J = 6.7, 3.0 Hz, 2H), 7.51 – 7.40 (m, 7H), 7.24 

(ddd, J = 8.5, 5.6, 3.2 Hz, 2H), 7.13 – 7.09 (m, 3H), 7.03 (m, J = 7.3 Hz, 1H), 6.98 (m, 

J = 7.4 Hz, 2H), 6.79 (d, J = 7.1 Hz, 2H), 6.49 (s, 1H), 4.47 (dq, J = 10.5, 7.1 Hz, 1H), 

4.34 (dq, J = 10.8, 7.2 Hz, 1H), 3.59 – 3.46 (m, 2H), 1.58 (s, 9H), 1.48 (t, J = 7.1 Hz, 

3H). 
13C NMR (101 MHz, CDCl3) δ 202.69, 172.68, 164.64, 158.25, 151.68, 136.68, 134.62, 

134.11, 134.08, 131.71, 130.91, 130.52, 129.75, 128.77, 128.50, 128.40, 128.25, 128.18, 

127.85, 127.72, 127.41, 127.27, 126.91, 121.24, 118.38, 115.67, 105.66, 81.03, 63.58, 

62.85, 42.28, 28.39, 14.35.  

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36BrN3O5+Na+) requires m/z 

728.1731, found m/z 728.1734. The enantiomeric excess was determined to be 88% by 

HPLC. [IC+IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 14.8 min 

(major), 17.2 min (minor). 

ethyl (R)-4-((S)-4-benzyl-1-methyl-5-oxo-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-

2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3at) 
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yellow solid, 66% yield, dr > 20:1, mp 78.3-78.9 oC; [α]17
D  = 87.387 (c 0.44, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.25 – 8.14 (m, 2H), 7.40 (dd, J = 5.2, 1.9 Hz, 3H), 7.25 

– 7.21 (m, 2H), 7.16 – 7.03 (m, 6H), 6.79 (d, J = 6.9 Hz, 2H), 6.46 (s, 1H), 4.47 (dq, J 

= 10.6, 7.1 Hz, 1H), 4.33 (dq, J = 10.5, 7.0 Hz, 1H), 3.50 – 3.35 (m, 2H), 3.04 (s, 3H), 

1.57 (s, 9H), 1.49 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.54, 174.05, 164.79, 157.37, 151.63, 134.75, 134.44, 

131.24, 129.98, 129.80, 128.68, 128.39, 128.10, 127.72, 127.68, 127.11, 126.97, 

115.81, 105.38, 80.89, 62.76, 62.30, 41.87, 31.24, 28.37, 14.32.  

HRMS (ESI): exact mass calculated for [M+Na]+(C34H35N3O5+Na+) requires m/z 

588.2474, found m/z 588.2474. The enantiomeric excess was determined to be 79% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 13.4 min (major), 

16.4 min (minor). 

ethyl (R)-4-((S)-4-benzyl-1-(naphthalen-2-yl)-5-oxo-3-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3au) 

 

white solid, 75% yield, dr > 20:1, mp 94.7-95.3 oC; [α]17
D  = -14.811 (c 1.01, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 6.9 Hz, 2H), 7.99 (s, 1H), 7.68 (dq, J = 17.4, 

8.7 Hz, 4H), 7.39 – 7.29 (m, 5H), 7.25 – 7.19 (m, 2H), 7.06 – 6.98 (m, 3H), 6.90 (m, J 

= 14.3, 6.6 Hz, 3H), 6.76 (d, J = 6.4 Hz, 2H), 6.42 (s, 1H), 4.40 (m, J = 9.9, 7.3, 3.7 Hz, 

1H), 4.28 (m, J = 14.6, 7.1, 3.5 Hz, 1H), 3.55 – 3.38 (m, 2H), 1.50 (s, 9H), 1.42 (t, J = 

7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.73, 172.94, 164.74, 158.10, 151.71, 135.26, 134.71, 

134.24, 133.42, 131.33, 131.14, 130.41, 130.13, 129.84, 128.78, 128.53, 128.24, 

128.06, 127.88, 127.79, 127.63, 127.45, 127.24, 126.37, 125.48, 119.35, 117.30, 115.96, 

105.67, 81.02, 63.60, 62.87, 42.36, 28.42, 14.42. 

HRMS (ESI): exact mass calculated for [M+Na]+(C43H39N3O5+Na+) requires m/z 

700.2787, found m/z 700.2786. The enantiomeric excess was determined to be 88% by 

HPLC. [IC column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 9.8 min (major), 8.7 

min (minor). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(2-chlorophenyl)buta-2,3-dienoate (3ba) 
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yellow solid, 81% yield, dr > 20:1, mp 129.5-130.1 oC; [α]17
D  = 66.635 (c 1.04, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.20 – 8.14 (m, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.34 – 

7.29 (m, 3H), 7.26 – 7.20 (m, 3H), 7.16 – 7.12 (m, 1H), 7.04 (m, J = 7.4 Hz, 1H), 6.97 

– 6.85 (m, 5H), 6.77 (d, J = 6.6 Hz, 2H), 6.20 (s, 1H), 4.20 (pq, J = 7.7, 4.4, 3.5 Hz, 

2H), 3.86 (d, J = 13.2 Hz, 1H), 3.45 (d, J = 13.2 Hz, 1H), 1.39 (s, 9H), 1.31 (t, J = 7.1 

Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 204.38, 172.51, 164.53, 157.53, 151.41, 137.77, 134.46, 

133.21, 132.79, 131.05, 130.28, 130.16, 129.90, 129.23, 128.67, 128.36, 127.86, 

127.55, 127.10, 126.53, 125.39, 120.02, 111.29, 105.63, 80.81, 63.19, 62.61, 41.50, 

28.23, 14.24. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36ClN3O5+Na+) requires m/z 

684.2241, found m/z 684.2237. The enantiomeric excess was determined to be 88% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 10.0 min (minor), 

12.2 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(3-fluorophenyl)buta-2,3-dienoate (3ca) 

 

yellow solid, 73% yield, dr > 20:1, mp 139.6-140.1 oC; [α]17
D  = 31.230 (c 0.92, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 6.7, 3.0 Hz, 2H), 7.44 (d, J = 7.6 Hz, 2H), 

7.35 (dd, J = 5.1, 1.9 Hz, 3H), 7.23 (m, J = 7.8 Hz, 2H), 7.06 (m, J = 7.4 Hz, 1H), 6.99 

– 6.89 (m, 6H), 6.73 (d, J = 7.5 Hz, 3H), 6.43 (s, 1H), 4.40 (dq, J = 10.6, 7.1 Hz, 1H), 

4.30 – 4.24 (m, 1H), 3.47 – 3.38 (m, 2H), 1.50 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 203.10, 172.56, 164.46, 163.73, 161.28, 157.75, 151.71, 

137.50, 136.93, 136.85, 134.00, 130.97, 130.46, 130.03, 129.95, 129.81, 128.81, 

128.76, 127.87, 127.29, 127.26, 125.73, 123.12, 123.09, 120.29, 115.36, 115.32, 115.13, 

115.11, 114.95, 114.93, 106.03, 81.22, 63.21, 62.97, 42.36, 28.38, 14.35. 
19F NMR (377 MHz, CDCl3) δ -112.45. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36FN3O5+Na+) requires m/z 

668.2531, found m/z 668.2534. The enantiomeric excess was determined to be 86% by 
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HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 7.0 min (minor), 7.8 

min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(m-tolyl)buta-2,3-dienoate (3da) 

 

yellow solid, 79% yield, dr > 20:1, mp 140.6-141.1 oC; [α]17
D  = 31.010 (c 1.12, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.23 – 8.16 (m, 2H), 7.44 (d, J = 7.4 Hz, 2H), 7.33 (dd, 

J = 5.0, 2.4 Hz, 3H), 7.23 (d, J = 7.8 Hz, 2H), 7.07 – 6.98 (m, 3H), 6.91 (dd, J = 21.0, 

7.0 Hz, 4H), 6.81 (d, J = 7.6 Hz, 1H), 6.74 (d, J = 6.5 Hz, 2H), 6.41 (s, 1H), 4.38 (dq, 

J = 10.5, 7.1 Hz, 1H), 4.24 (dq, J = 10.6, 7.1 Hz, 1H), 3.49 – 3.39 (m, 2H), 2.01 (s, 3H), 

1.49 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.55, 172.81, 164.80, 158.03, 151.73, 137.92, 137.66, 

134.54, 134.32, 131.20, 130.95, 130.28, 129.86, 129.03, 128.74, 128.70, 128.45, 

128.36, 127.85, 127.42, 127.20, 125.63, 124.86, 120.34, 116.05, 105.55, 80.95, 63.38, 

62.80, 42.20, 28.40, 21.42, 14.40. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2783. The enantiomeric excess was determined to be 90% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 8.0 min (minor), 9.3 

min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(3-methoxyphenyl)buta-2,3-dienoate (3ea) 

 

white solid, 88% yield, dr > 20:1, mp 93.7-94.3 oC; [α]17
D  = 39.386 (c 1.14, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.22 – 8.17 (m, 2H), 7.47 (d, J = 7.3 Hz, 2H), 7.34 (d, 

J = 5.6 Hz, 3H), 7.22 (m, J = 7.8 Hz, 2H), 7.05 (m, J = 7.4 Hz, 1H), 6.96 – 6.88 (m, 

4H), 6.82 (s, 1H), 6.76 (dd, J = 11.7, 7.5 Hz, 3H), 6.56 (d, J = 5.8 Hz, 1H), 6.42 (s, 1H), 

4.39 (dq, J = 10.5, 7.1 Hz, 1H), 4.24 (dt, J = 10.6, 7.1 Hz, 1H), 3.43 (d, J = 17.0 Hz, 

5H), 1.50 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.59, 172.71, 164.69, 159.35, 157.92, 151.75, 137.68, 

135.94, 134.22, 131.14, 130.31, 129.82, 129.44, 128.73, 128.69, 127.85, 127.37, 
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127.22, 125.56, 120.11, 119.86, 115.88, 114.78, 112.94, 105.63, 81.00, 63.43, 62.84, 

54.91, 42.28, 28.39, 14.37. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O6+Na+) requires m/z 

680.2737, found m/z 680.2729. The enantiomeric excess was determined to be 88% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 9.1 min (minor), 

12.1 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(4-chlorophenyl)buta-2,3-dienoate (3fa) 

 

yellow solid, 65% yield, dr > 20:1, mp 194.8-195.1 oC; [α]17
D  = 41.678 (c 0.74, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 6.7, 3.0 Hz, 2H), 7.45 (d, J = 7.5 Hz, 2H), 

7.38 – 7.34 (m, 3H), 7.24 (m, J = 7.9 Hz, 2H), 7.13 (d, J = 8.6 Hz, 2H), 7.08 (m, J = 

7.4 Hz, 1H), 7.01 (d, J = 8.5 Hz, 2H), 6.93 (m, J = 14.5, 7.0 Hz, 3H), 6.73 (d, J = 7.1 

Hz, 2H), 6.42 (s, 1H), 4.40 (dq, J = 10.6, 7.1 Hz, 1H), 4.26 (dq, J = 10.4, 7.0 Hz, 1H), 

3.47 – 3.39 (m, 2H), 1.51 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.84, 172.55, 164.48, 157.73, 151.70, 137.50, 134.19, 

134.01, 133.24, 130.95, 130.46, 129.78, 129.11, 128.80, 128.77, 128.73, 127.87, 

127.28, 127.24, 125.71, 120.16, 114.93, 105.90, 81.16, 63.32, 62.93, 42.29, 28.38, 

14.35. 

HRMS (ESI): exact mass calculated for [M+Na]+(C39H36ClN3O5+Na+) requires m/z 

684.2241, found m/z 684.2233. The enantiomeric excess was determined to be 86% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 7.0 min (minor), 8.3 

min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(p-tolyl)buta-2,3-dienoate (3ga) 

 

white solid, 94% yield, dr > 20:1, mp 98.1-98.9 oC; [α]17
D  = 28.231 (c 0.59, CH2Cl2); 
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1H NMR (400 MHz, CDCl3) δ 8.25 – 8.18 (m, 2H), 7.46 (d, J = 7.2 Hz, 2H), 7.35 (dd, 

J = 5.2, 2.0 Hz, 3H), 7.23 (m, J = 7.9 Hz, 2H), 7.08 (m, J = 7.3 Hz, 3H), 6.92 (m, J = 

14.4, 7.0 Hz, 3H), 6.84 (d, J = 7.9 Hz, 2H), 6.73 (d, J = 6.7 Hz, 2H), 6.40 (s, 1H), 4.39 

(dq, J = 10.6, 7.1 Hz, 1H), 4.25 (dq, J = 10.6, 7.1 Hz, 1H), 3.49 – 3.38 (m, 2H), 2.09 (s, 

3H), 1.50 (s, 9H), 1.40 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.50, 172.76, 164.80, 157.99, 151.67, 138.02, 137.66, 

134.28, 131.71, 131.16, 130.27, 129.83, 129.23, 128.71, 127.80, 127.58, 127.38, 

127.17, 125.54, 120.24, 115.91, 105.43, 80.90, 63.38, 62.77, 42.27, 28.40, 21.13, 14.36. 

HRMS (ESI): exact mass calculated for [M+Na]+(C40H39N3O5+Na+) requires m/z 

664.2782, found m/z 664.2777. The enantiomeric excess was determined to be 88% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 9.8 min (minor), 

11.7 min (major). 

ethyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-(4-(tert-butyl)phenyl)buta-2,3-dienoate (3ha) 

 

yellow solid, 94% yield, dr > 20:1, mp 96.9-97.3 oC; [α]17
D  = 30.333 (c 1.02, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.25 – 8.18 (m, 2H), 7.43 – 7.39 (m, 2H), 7.36 (dd, J = 

5.3, 1.9 Hz, 3H), 7.22 (m, J = 7.9 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 7.09 – 7.03 (m, 

3H), 6.96 (m, J = 7.3 Hz, 1H), 6.90 (m, J = 7.2 Hz, 2H), 6.73 (d, J = 6.8 Hz, 2H), 6.40 

(s, 1H), 4.41 (dq, J = 10.6, 7.1 Hz, 1H), 4.30 – 4.22 (m, 1H), 3.48 – 3.38 (m, 2H), 1.50 

(s, 9H), 1.41 (t, J = 7.1 Hz, 3H), 1.09 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 202.67, 172.79, 164.82, 158.07, 151.67, 151.05, 137.63, 

134.25, 131.46, 131.26, 130.28, 129.84, 128.74, 128.69, 127.79, 127.44, 127.38, 

127.17, 125.60, 125.51, 120.40, 115.98, 105.45, 80.89, 63.30, 62.79, 42.24, 34.50, 

31.17, 28.40, 14.40. 

HRMS (ESI): exact mass calculated for [M+Na]+(C43H45N3O5+Na+) requires m/z 

706.3251, found m/z 706.3252. The enantiomeric excess was determined to be 88% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 6.8 min (major), 7.8 

min (minor). 

methyl (R)-4-((S)-4-benzyl-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ia) 
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yellow solid, 87% yield, dr > 20:1, mp 151.5-151.9 oC; [α]17
D  = 41.772(c 1.34, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 6.7, 2.9 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 

7.33 (dd, J = 5.3, 2.0 Hz, 3H), 7.26 – 7.17 (m, 4H), 7.08 – 7.00 (m, 4H), 6.91 (m, J = 

14.5, 7.0 Hz, 3H), 6.74 (d, J = 7.0 Hz, 2H), 6.42 (s, 1H), 3.86 (s, 3H), 3.51 – 3.40 (m, 

2H), 1.50 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 202.85, 172.92, 165.29, 158.13, 151.70, 137.58, 134.60, 

134.12, 131.00, 130.35, 129.83, 128.75, 128.70, 128.53, 128.28, 127.84, 127.70, 

127.34, 127.25, 125.67, 120.23, 116.09, 105.59, 81.06, 63.30, 53.73, 42.49, 28.40. 

HRMS (ESI): exact mass calculated for [M+Na]+(C38H35N3O5+Na+) requires m/z 

636.2474, found m/z 636.2468. The enantiomeric excess was determined to be 88% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 10.5 min (minor), 

12.7 min (major). 

(1S,2S,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl (R)-4-((S)-4-benzyl-5-oxo-1,3-

diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-

phenylbuta-2,3-dienoate (3ja) 

 

white solid, 87% yield, dr > 20:1, mp 120.3-120.9 oC; [α]17
D  = -18.841 (c 0.28, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.22 (dd, J = 6.7, 3.1 Hz, 2H), 7.46 (dd, J = 8.3, 3.4 Hz, 

2H), 7.36 (dd, J = 5.3, 2.2 Hz, 3H), 7.25 – 7.17 (m, 4H), 7.07 – 6.99 (m, 4H), 6.97 – 

6.88 (m, 3H), 6.74 (d, J = 7.0 Hz, 2H), 6.44 (s, 1H), 5.13 – 4.92 (m, 1H), 3.59 – 3.42 

(m, 2H), 2.30 (m, J = 15.8, 11.6, 4.9 Hz, 2H), 1.70 – 1.61 (m, 2H), 1.49 (s, 9H), 1.34 

(dt, J = 10.8, 5.5 Hz, 2H), 1.03 (d, J = 3.8 Hz, 2H), 0.86 (d, J = 11.5 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 202.41, 172.26, 165.25, 157.53, 151.72, 137.75, 134.87, 

134.36, 131.34, 130.26, 129.85, 128.72, 128.68, 128.44, 128.15, 127.85, 127.78, 

127.46, 127.16, 125.37, 119.97, 116.20, 105.88, 83.53, 80.89, 63.61, 49.39, 48.26, 

44.96, 42.09, 36.54, 28.42, 27.94, 27.11, 19.90, 19.01, 13.82. 

HRMS (ESI): exact mass calculated for [M+Na]+(C47H49N3O5+Na+) requires m/z 

758.3570, found m/z 758.3562. 

ethyl (R)-4-((S)-3-([1,1'-biphenyl]-4-yl)-4-benzyl-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (4) 
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white solid, 91% yield, dr > 20:1, mp 180.8-181.3 oC; [α]17
D  = 111.335 (c 1.04, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.1 Hz, 2H), 7.59 (dd, J = 13.8, 7.6 Hz, 4H), 

7.44 (d, J = 8.0 Hz, 2H), 7.36 (m, J = 7.6 Hz, 2H), 7.29 – 7.19 (m, 5H), 7.08 – 7.02 (m, 

4H), 6.93 (m, J = 14.2, 7.0 Hz, 3H), 6.78 (d, J = 7.1 Hz, 2H), 6.43 (s, 1H), 4.39 (dq, J 

= 10.5, 7.1 Hz, 1H), 4.25 (dq, J = 10.3, 7.0 Hz, 1H), 3.48 (q, J = 12.9 Hz, 2H), 1.51 (s, 

9H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 202.80, 172.77, 164.77, 157.69, 151.79, 142.64, 140.52, 

137.62, 134.73, 134.25, 130.15, 129.90, 129.58, 128.97, 128.77, 128.56, 128.28, 

127.90, 127.83, 127.34, 127.28, 127.03, 125.70, 120.37, 115.98, 115.42, 105.69, 81.05, 

63.48, 62.89, 42.37, 28.45, 14.40.  

HRMS (ESI): exact mass calculated for [M+Na]+(C45H41N3O5+Na+) requires m/z 

726.2944, found m/z 726.2937. The enantiomeric excess was determined to be 87% by 

HPLC. [IE column, 254 nm, n-hexane:iPrOH = 75:1, 0.8 mL/min]: 9.1 min (minor), 

10.9 min (major). 
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5. HPLC Analysis 

 
 

HPLC using an IE-H + ID-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H + ID-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an ID-H + IF-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 
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HPLC using an IF-H + IG-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IF-H + IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H +ID-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 
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HPLC using an IE-H +IF-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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Gram-scale preparation of 3am 

 

Gram-scale of 3am 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H + IF-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an ID-H + IG-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 

 

 



S41 
 

 

 

 

HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IC-H + IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 

mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IC-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 
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HPLC using an IE-H column, n-hexane / iPrOH = 75/1, flow rate = 0.8 mL/min 

 

6. NMR Analysis 
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7. X-ray crystal structure of 3ac 
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