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1. Supplementary Methods 

Analytic grade solvents for the column chromatography and commercially available reagents were 

used as received. Toluene was dried over Na and distilled prior to use. 

1H-NMR, 13C-NMR and 19F-NMR spectrums were recorded on an Agilent 600 NMR spectrometer at 

600 MHz, 151 MHz and 564 MHz using CDCl3 as solvent, respectively. 1H-NMR data are reported 

as follows: δ, chemical shift; coupling constants (J are given in Hertz, Hz) and integration. 

Abbreviations to denote the multiplicity of a particular signal were s (singlet), d (doublet), t (triplet), 

q (quartet) and m (multiplet). Chemical shifts were reported in ppm from the tetramethylsilane with 

the solvent resonance as internal standard.  

Melting points were measured on a digital melting point apparatus and the temperature was 

uncorrected. High resolution mass spectrometric measurements (HRMS) were performed by the 

Waters Xevo G2-XS TOF (ESI Source). Optical rotations were recorded on an Anton Paar MCP-100 

polarimeter. 

HPLC analysis was performed on Waters-Breeze (2487 Dual λ Absorbance Detector and 1525 Binary 

HPLC Pump, UV detection monitored at 254 nm). Chiralpak IA, IB, IC, ID, IE and IF columns were 

purchased from Daicel Chemical Industries, Ltd.  

Single crystal structures of the compounds were determined by measuring X-ray intensity data on a 

'Bruker APEX-II CCD' diffractometer. The crystal was kept at low and room temperature (172-298 

K) during data collection. Using Olex2, the structure was solved with the ShelXT structure solution 

program using Intrinsic Phasing and refined with the ShelXL refinement package using Least Squares 

minimization. The non-hydrogen atoms were refined anisotropically and all the hydrogen atoms were 

assigned in idealized locations.  
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2. Supplementary Discussion 

2.1 Optimization studies for asymmetric Ugi-4CRs 

Supplementary Table 1. Optimization studies for asymmetric Ugi-4CRs 

 

Entry 1 solvent ratio of 

2a:3a:4a:5a 
temperature (°C) yield (%)a e.r.b 

1 Λ-(S,S)-1a toluene 1.2:1:1.2:1 -20 54 80.5:19.5 

2 Λ-(S,S)-1b toluene 1.2:1:1.2:1 -20 33 85.5:14.5 

3 Λ-(S,S)-1c toluene 1.2:1:1.2:1 -20 63 80.5:19.5 

4 Λ-(S,S)-1d toluene 1.2:1:1.2:1 -20 61 84.5:14.5 

5 Λ-(S,S)-1e toluene 1.2:1:1.2:1 -20 77 88.5:11.5 

6 Λ-(S,S)-1f toluene 1.2:1:1.2:1 -20 64 93:7 

7 Λ-(S,S)-1g toluene 1.2:1:1.2:1 -20 89 92:8 

8 Λ-(S,S)-1h toluene 1.2:1:1.2:1 -20 72 95:5 

9 Λ-(S,S)-1i toluene 1.2:1:1.2:1 -20 trace N.D. 

10 Λ-(S,S)-1j toluene 1.2:1:1.2:1 -20 27 71:29 

11 Λ-(S,S)-1k toluene 1.2:1:1.2:1 -20 18 69:31 

12 Λ-(S,S)-1l toluene 1.2:1:1.2:1 -20 39 65.5:34.5 

13 Λ-(S,S)-1m toluene 1.2:1:1.2:1 -20 70 94.5:5.5 

14 Λ-(S,S)-1n toluene 1.2:1:1.2:1 -20 83 93.5:6.5 

15 Λ-(S,S)-1o toluene 1.2:1:1.2:1 -20 96 93:7 

16 Λ-(S,S)-1p toluene 1.2:1:1.2:1 -20 40 95:5 

17 Δ-(S,S)-1b toluene 1.2:1:1.2:1 -20 39 28:72 

18 Λ-(S,S)-1h toluene 1.2:1:1.2:1 25 79 82.5:17.5 

19 Λ-(S,S)-1h toluene 1.2:1:1.2:1 0 75 92.5:7.5 

20 Λ-(S,S)-1h toluene 1.5:1:1.2:1 -20 82 95.5:4.5 

21 Λ-(S,S)-1h toluene 2:1:1.2:1 -20 80 95.5:4.5 
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22 Λ-(S,S)-1h toluene 1.5:1:2:1 -20 84 95.5:4.5 

23 Λ-(S,S)-1h toluene 1.5:1:3:1 -20 92 95.5:4.5 

24 Λ-(S,S)-1h toluene 1.5:1:3:3 -20 99 96:4 

25 Λ-(S,S)-1h toluene 1.5:1:3:5 -20 99 96.5:3.5 

26 Λ-(S,S)-1h toluene 1.5:1:3:5 -30 99 97:3 

27 Λ-(S,S)-1h toluene 1.5:1:3:5 -40 99 97.5:2.5 

28 Λ-(S,S)-1h CHCl3 1.5:1:3:5 -40 15 76.5:23.5 

29 Λ-(S,S)-1h EtOAc 1.5:1:3:5 -40 N.R. - 

30 Λ-(S,S)-1h (CH2Cl)2 1.5:1:3:5 -40 37 73:27 

31 Λ-(S,S)-1h MeCN 1.5:1:3:5 -40 N.R. - 

32 Λ-(S,S)-1h nhexane 1.5:1:3:5 -40 38 94.5:5.5 

33 Λ-(S,S)-1h Et2O 1.5:1:3:5 -40 15 95:5 

34 Λ-(S,S)-1h CH2Cl2 1.5:1:3:5 -40 19 69.5:30.5 

35 Λ-(S,S)-1h CH3OH 1.5:1:3:5 -40 N.R. - 

36c Λ-(S,S)-1h toluene 1.5:1:3:5 -40 99 97:3 

37d Λ-(S,S)-1h toluene 1.5:1:3:5 -40 76 97:3 

Asymmetric Ugi-4CRs were performed by using 2a (0.12 mmol), 3a (0.10 mmol), 4a (0.12 mmol), 5a 

(0.10 mmol), 4 Å MS (100 mg) and 1 (0.01 mmol) in toluene (2.0 mL) at -20 °C for 48 h. a Isolated yields 

were based on 3a. b e.r. values were determined by chiral stationary HPLC. cΛ-(S,S)-1h (0.005 mmol) 

was employed. cΛ-(S,S)-1h (0.002 mmol) was employed. N.R. = no reaction. 
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2.2 Optimization studies for asymmetric Ugi-azide reactions 

Supplementary Table 2. Optimization studies for asymmetric Ugi-azide reactions 

 

Entry 1 R-N3 solvent acid 
temperature 

(°C) 

yield 

(%)a 
e.r.b 

1 Λ-(S,S)-1a TMSN3 toluene - 25 46 80.5:19.5 

2 Λ-(S,S)-1b TMSN3 toluene - 25 36 91:9 

3 Λ-(S,S)-1d TMSN3 toluene - 25 16 73.5:26.5 

4 Λ-(S,S)-1f TMSN3 toluene - 25 76 69.5:30.5 

5 Λ-(S,S)-1g TMSN3 toluene - 25 68 90.5:9.5 

6 Λ-(S,S)-1h TMSN3 toluene - 25 96 94:6 

7 Λ-(S,S)-1l TMSN3 toluene - 25 65 72:28 

8 Λ-(S,S)-1m TMSN3 toluene - 25 77 91.5:8.5 

9 Λ-(S,S)-1n TMSN3 toluene - 25 56 56.5:43.5 

10 Λ-(S,S)-1o TMSN3 toluene - 25 51 91.5:8.5 

11 Λ-(S,S)-1p TMSN3 toluene - 25 34 83:17 

12 Δ-(S,S)-1b TMSN3 toluene - 25 34 29:71 

13 Λ-(S,S)-1h TMSN3 CCl4 - 25 18 89.5:10.5 

14 Λ-(S,S)-1h TMSN3 CH2Cl2 - 25 22 63.5:36.5 

15 Λ-(S,S)-1h TMSN3 
nhexane - 25 17 89.5:10.5 

16 Λ-(S,S)-1h TMSN3 (CH2Cl)2 - 25 39 61:39 

17 Λ-(S,S)-1h TMSN3 toluene - -20 76 94.5:5.5 

18 Λ-(S,S)-1h TsN3 toluene - -20 trace ˗ 

19 Λ-(S,S)-1h NaN3 toluene - -20 trace ˗ 

20 Λ-(S,S)-1h NaN3 toluene MeNH3
+Cl- -20 79 93:7 

21 Λ-(S,S)-1h NaN3 toluene 5b -20 65 95:5 

22 Λ-(S,S)-1h NaN3 toluene Et3NH+Cl- -20 71 90.5:9.5 
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23c Λ-(S,S)-1h NaN3 toluene 5b -30 82 95.5:4.5 

24c Λ-(S,S)-1h NaN3 toluene 5c -30 77 95:5 

25c Λ-(S,S)-1h NaN3 toluene 5d -30 69 93:7 

26c Λ-(S,S)-1h NaN3 toluene 5e -30 65 92:8 

27c Λ-(S,S)-1h NaN3 toluene 5f -30 72 82:18 

28c Λ-(S,S)-1h NaN3 toluene CF3COOH -30 -d N.D. 

29c Λ-(S,S)-1h NaN3 toluene CF3SO3H -30 -d N.D. 

30c Λ-(S,S)-1h NaN3 toluene TsOH·H2O -30 -d N.D. 

Asymmetric Ugi-azide reactions were performed by using 2a (0.15 mmol), 3a (0.10 mmol), 4a (0.30 mmol), R-

N3 (0.30 mmol), acid (0.30 mmol), 4 Å MS (100 mg) and 1 (0.01 mmol) in toluene (2.0 mL) for 36 h. a Isolated 

yields were based on 3a. b e.r. values were determined by chiral stationary HPLC. c acid (0.40 mmol) was 

employed. d A messy reaction was observed. N.D. = not detected. 
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2.3 Preliminary bioassay results 

Supplementary Table 3. In vitro antifungal activities of selected compounds 

compounds 

Inhibitory rate/% 

C. gloeosporioides 

Penz. 
B. cinerea 

F. oxysporum (Schl.) F. sp. 

cucumerinum Owen 

6 42.67±1.00 11.14±0.12 14.91±0.21 

7 21.70±0.15 22.60±0.30 24.30±0.40 

16 30.67±0.25 9.30±0.20 15.42±0.60 

33 14.50±0.22 9.20±0.18 10.60±0.50 

42 22.90±0.18 18.00±0.30 12.80±0.70 

54 30.67±1.10 14.36±0.32 17.42±0.26 

60 23.60±0.40 19.40±0.28 30.60±0.40 

61 16.40±0.80 14.00±0.60 20.40±0.28 

62 10.00±0.60 12.90±0.80 9.00±0.50 

67 26.20±0.50 25.00±0.90 28.90±0.70 

75 58.45±0.95 61.97±1.50 51.48±0.72 

77 36.71±0.85 60.56±0.80 33.22±1.28 

82 49.28±0.90 38.03±0.28 29.22±0.32 

84 18.20±0.35 10.60±0.45 6.40±0.80 

Prochloraz 85.30±1.36 92.80±1.30 100.00±0.00 

The antifungal activities of selected products were tested at the concentration of 100 μg/mL. All 

data are the average values of three replications. 

Selected trifluoromethyl group-containing α-acylamino amides and tetrazoles were tested against 

three phytopathogenic fungi (Colletotrichum gloeosporioides Penz., Botrytis cinerea and Fusarium 

oxysporum (Schl.) F. sp. cucumerinum Owen) in vitro with the hyphal growth rate method at a 

concentration of 100 μg/mL, with Prochloraz used as the positive control (see Supplementary Table 

S3 for details). As shown in Table 2, α-acylamino amide 6 showed good antifungal activity against 

C. gloeosporioides Penz. (42.67%) and tetrazole 77 showed good antifungal activity against B. 

cinerea (60.56%). 75 also exhibited significant inhibitory to C. gloeosporioides Penz. (58.45%), B. 

cinerea (61.97%) and F. oxysporum (Schl.) F. sp. cucumerinum Owen (51.48%). These chiral 

products afforded from classical enantioselective Ugi-4CR and Ugi-azide reactions have shown 

potential antifungal activities and can be regarded as promising candidates in the search for new 



S-8 

pesticide scaffolds. Further investigations into bioactivity study for novel pesticide development are 

in progress. 

Anti-fungal activity assays. The anti-fungal activities of selected compounds were tested in vitro 

using the hyphal growth rate method. The phytopathogenic fungi Colletotrichum gloeosporioides 

Penz., Botrytis cinerea and Fusarium oxysporum (Schl.) F. sp. cucumerinum Owen were obtained 

from Plant Pathology Laboratory of Anhui Agricultural University. All of these phytopathogens 

inoculated at the centre of the plate and incubated in the dark at 28℃. Subsequently, 0.010 g of filter-

sterilized compound dissolved in acetone (1.0 mL). The solution was added to potato dextrose agar 

medium (PDA medium) (99.0 mL), and then the medium was sub-packed in 6 sterilized petri dishes 

to obtaining drug-containing medium. Several fungal disks were made on the plate of phytopathogens 

with a hole punch with a 0.60 cm in diameter. The disk was picked up by an inoculation needle and 

placed lightly on drug-containing medium plates. This process was repeated 3 times per treatment, 

with reproducible results. 

Determination of the inhibitory rate. The plates were placed in the dark at 28 ℃ and 

photographed after 48 h or 72 h. The calculation formula was as follows: 

100=
cm 0.6-control of Diameter

 treatment of Diameter-control of Diameter
% rate Inhibitory ）（

 

In addition, the compounds which showed better antifungal activity were selected to evaluate the 

half maximal effective concentration (EC50) against the three phytopathogenic fungi (Supplementary 

Table 4). Firstly, these compounds were dissolved in acetone to formulate as 2000 μg/mL according 

to the pre-test results, respectively. Then diluted the test solutions at concentrations of 1000, 500, 200, 

100, 50, and 20 μg/mL for the subsequent analyses. 

Supplementary Table 4. EC50 of the selected compounds to tested phytopathogenic fungi 

Compounds 

C. gloeosporioides Penz. B. cinerea 
F. oxysporum (Schl.) F. sp. 

cucumerinum Owen 

EC50 

(μg/mL) 

95% CI 

(μg/mL) 

EC50 

(μg/mL) 

95% CI 

(μg/mL) 

EC50 

(μg/mL) 

95% CI 

(μg/mL) 

75 87.23 57.99-129.90 62.19 54.73-70.31 88.98 80.20-98.60 

77 182.60 126.50-269.40 71.84 54.82-92.85 232.10 173.70-316.00 

82 125.70 76.83-225.10 199.20 143.50-282.80 236.00 178.80-317.30 
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2.4 Comparison of the ratio of NaN3:CH3COOH in the Ugi-azide reactions 

Supplementary Table 5. Comparison of the ratio of NaN3:CH3COOH in the Ugi-azide reactions 

 

Entry x y 
23 7 

yield (%)a eeb yield (%)a eeb 

1 1 2 38 85 12 83 

2 1 3 66 88 15 82 

3 1 4 69 89 19 83 

4 3 2 15 87 31 90 

5 3 3 11 88 65 91 

6 3 4 13 87 82 91 

7 3 5 21 89 71 91 

8 5 2 12 89 42 87 

9 5 3 11 88 69 88 

10 5 4 15 88 84 89 

11 5 5 15 91 81 89 

12 7 2 9 87 39 82 

13 7 3 5 89 62 82 

14 7 4 5 90 89 80 

15 7 5 11 88 84 82 

Asymmetric Ugi-azide reactions were performed by using 2a (0.15 mmol), 3a (0.10 mmol), 4a (0.30 mmol), 

CH3COOH (x equiv.), NaN3 (y equiv.), 4 Å MS (100 mg) and Λ-(S,S)-1h (0.01 mmol) in toluene (2.0 mL) at -

30 °C for 36 h. a Isolated yields were based on 3a. b ee values were determined by chiral stationary HPLC. 
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2.5. Crystallography data 

Supplementary Table 6. Crystal data and structure refinement for 7 (CCDC 2103292) 

 

Empirical formula  C19H19BrF3N5 

Formula weight  454.30 

Temperature/K  296.15 

Crystal system  orthorhombic 

Space group  P212121 

a/Å  12.3667(14) 

b/Å  14.9515(18) 

c/Å  22.783(3) 

α/°  90 

β/°  90 

γ/°  90 

Volume/Å3  4212.5(8) 

Z  8 

ρcalcg/cm3  1.433 

μ/mm-1  1.991 

F(000)  1840.0 

Crystal size/mm3  0.09 × 0.06 × 0.05 

Radiation  MoKα (λ = 0.71073) 

2Θ range for data collection/°  3.576 to 54.872 

Index ranges  -15 ≤ h ≤ 15, -19 ≤ k ≤ 16, -26 ≤ l ≤ 29 

Reflections collected  34398 
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Independent reflections  9541 [Rint = 0.0636, Rsigma = 0.0910] 

Data/restraints/parameters  9541/0/511 

Goodness-of-fit on F2  1.000 

Final R indexes [I>=2σ (I)]  R1 = 0.0572, wR2 = 0.1118 

Final R indexes [all data]  R1 = 0.1512, wR2 = 0.1417 

Largest diff. peak/hole / e Å-3  0.45/-0.52 

Flack parameter 0.004(6) 

Sample preparation for crystal growth: Compound 7 (20.0 mg) was dissolved in n-hexane (5.0 mL), while 

slow evaporation of solvent at room temperature white crystals were grown. Thermal ellipsoids are shown at 50% 

probability. 
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Supplementary Table 7. Crystal data and structure refinement for 31 (CCDC 2103289) 

 

Empirical formula  C26H24BrF3N2O2 

Formula weight  533.38 

Temperature/K  242.89 

Crystal system  monoclinic 

Space group  P21 

a/Å  10.8684(4) 

b/Å  26.3933(11) 

c/Å  14.2914(6) 

α/°  90 

β/°  103.855(2) 

γ/°  90 

Volume/Å3  3980.3(3) 

Z  6 

ρcalcg/cm3  1.335 

μ/mm-1  1.699 

F(000)  1632.0 

Crystal size/mm3  0.08 × 0.08 × 0.05 

Radiation  GaKα (λ = 1.34139) 

2Θ range for data collection/°  6.26 to 110.414 

Index ranges  -13 ≤ h ≤ 10, -32 ≤ k ≤ 31, -17 ≤ l ≤ 17 

Reflections collected  43236 

Independent reflections  14953 [Rint = 0.0737, Rsigma = 0.0770] 
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Data/restraints/parameters  14953/63/937 

Goodness-of-fit on F2  1.032 

Final R indexes [I>=2σ (I)]  R1 = 0.0677, wR2 =0.1742 

Final R indexes [all data]  R1 = 0.1013, wR2 = 0.2055 

Largest diff. peak/hole / e Å-3  0.73/-0.84 

Flack parameter 0.088(10) 

Sample preparation for crystal growth: Compound 31 (20.0 mg) was dissolved in n-hexane/ isopropanol (v/v 

= 3/7, 5.0 mL), while slow evaporation of solvent at room temperature white crystals were grown. Thermal 

ellipsoids are shown at 50% probability. 
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2.6 The non-linear effect studies 

2.6.1 The positive NLE of Asymmetric Ugi-4CRs of 5a:  

Supplementary Table 8. The NLE of asymmetric Ugi-4CRs of 5aa 

 

entry 
-1h 

(mg) 

-1h 

(mg) 

ee1 of 

1h (%)b 

c (g/100 

mL)c 
[]20 

ee2 of 

1h (%)d 

yield of 

6 (%)e 

ee of 

6 (%)f 

1 2.6 47.6 89.64 0.0080 -3050.00 82.90 86 92 

2 5.1 44.9 79.60 0.0080 -2633.33 71.57 88 90 

3 7.6 42.5 69.66 0.0080 -2462.50 66.93 90 85 

4 10.1 40.2 59.84 0.0084 -1928.57 52.42 86 73 

5 15.0 35.0 40.00 0.0080 -1408.33 38.28 92 57 

6 20.1 30.2 20.08 0.0080 -675.00 18.35 90 29 

7 -- 2.0 100 0.0080 -3575.00 100 99 95 

8 2.0 -- -- 0.0080 +3783.33 -- 99 95 

a The scalemic catalyst 1h was prepared by mixing the two enantiopure catalysts -(R,R)-1h and -(S,S)-1h, 

which were completely dissolved in MeOH and then the solvent was evaporated in vacuo before used. b The ee1 

of 1h were calculated by the quality of -(R,R)-1h and -(S,S)-1h. c The samples were dissolved in MeOH. d The 

ee2 of 1h were calculated according to the optical rotation values of different scalemic catalysts 1h divided by 

the average optical rotation values of -(R,R)-1h and -(S,S)-1h. The ee2 values were used as the horizontal 

coordinate below. e Isolated yield. f Determined by HPLC analysis. 

 

Procedure: A 10-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (0.15 mmol), 4-

trifluroaniline 3a (0.10 mmol), scalemic catalyst 1h (0.01 mmol), 4 Å molecular sieves (100 mg), and 

toluene (2.0 mL) at room temperature and stirred for 30 min. Then benzoic acid 5a (0.50 mmol) was 

added in one portion. The mixture was cooled to -40 °C and stirred for another 30 min. The tert-butyl 

isocyanide 4a (0.30 mmol) was added in one portion and the resulting solution was stirred vigorously 

for 24 h. The reaction was then quenched with pre-cooled NEt3 (-40 °C, 1.0 mmol). The mixture was 

purified by flash column chromatography (silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give 

the α-acylamino amide 6.  
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2.6.2 The general procedure of kinetic studies on Ugi-4CR. 

 

Supplementary Figure 1 | Kinetic studies on Ugi-4CR. The kinetic studies on Ugi-4CR of 

enantiopure -(S,S)-1h and racemic catalyst [Equivalent mixture of -(S,S)-1h and -(R,R)-1h] were 

performed. It is revealed that the optically pure -(S,S)-1h showed relatively higher catalytic activity 

than the racemic catalyst, which might be the possible reason for the positive nonlinear effect. 

Procedure: A 10-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (0.15 mmol), 4-

trifluroaniline 3a (0.10 mmol), catalyst 1h (0.01 mmol, either enantiopure or racemic catalyst), 4 Å 

molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and stirred for 30 min. Then 

benzoic acid 5a (0.50 mmol) was added in one portion. The mixture was cooled to -40 °C and stirred 

for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added in one portion and the 

resulting solution was stirred for a specific time (10 min, 20 min, 30 min, 40 min, 50 min, 60 min, 80 

min, 100 min). The reaction was then quenched with pre-cooled NEt3 (-40 °C, 1.0 mmol) and 

saturated aqueous NaHCO3 (1.0 mL). Then the mixture was diluted by water (10 mL) and DCM (10 

mL). The organic phase was separated and the aqueous phase was extracted by DCM (10 mL × 2). 

The organic phase was combined, dried over anhydrous Na2SO4, filtrated and evaporated under 

reduced pressure. The residue was resolved in CDCl3 (0.6 mL) and diphenylmethane (16.8 mg, 0.10 

mmol) was added as internal standard for 1H-NMR analysis. 
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2.6.3 The positive NLE of Asymmetric Ugi and Ugi-azide reactions. 

Supplementary Table 9. The NLE of asymmetric Ugi and Ugi-azide reactionsa 

 

entry 
-1h 

(mg) 

-1h 

(mg) 

ee1 of 

1h 

(%)b 

c (g/100 

mL)c 
[]20 

ee2 of 

1h 

(%)d 

yield 

of 23 

(%)e 

ee of 

23 

(%)f 

yield 

of 7 

(%)e 

ee of 

7 (%)f 

1 2.5 47.5 90.00 0.0088 -3284.09 98.31 75 86 78 82 

2 5.3 44.9 78.88 0.0088 -2340.91 70.08 71 82 82 77 

3 7.5 42.5 70.06 0.0084 -2250.00 67.36 71 76 81 64 

4 9.9 40.3 60.56 0.0088 -1882.58 56.36 71 65 76 58 

5 14.9 34.9 40.16 0.0084 -1333.33 39.92 76 47 79 40 

6 20.1 30.3 20.24 0.0080 -787.50 23.58 75 37 61 20 

7 -- 2.2 100 0.0088 -3367.42 100 78 89 79 91 

8 2.1 -- -- 0.0084 +3313.19 -- 80 89 82 91 

a The scalemic catalyst 1h was prepared by mixing the two enantiopure catalysts -(R,R)-1h and -(S,S)-1h, 

which were completely dissolved in MeOH and then the solvent was evaporated in vacuo before used. b The ee1 

of 1h were calculated by the quality of -(R,R)-1h and -(S,S)-1h. c The samples were dissolved in MeOH. d The 

ee2 of 1h were calculated according to the optical rotation values of different scalemic catalysts 1h divided by 

the average optical rotation values of -(R,R)-1h and -(S,S)-1h. The ee2 values were used as the horizontal 

coordinate below. e Isolated yield. f Determined by HPLC analysis. 
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Procedure of asymmetric Ugi reaction of 5b: A 10-mL oven-dried tube was charged with 4-

bromobenzaldehyde 2a (0.15 mmol), 4-trifluroaniline 3a (0.10 mmol), scalemic catalyst 1h (0.01 

mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and stirred for 30 

min. Then acetic acid 5b (0.50 mmol) was added in one portion. The mixture was cooled to -30 °C 

and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added in one portion 

and the resulting solution was stirred vigorously for 24 h. The reaction was then quenched with pre-

cooled NEt3 (-40 °C, 1.0 mmol). The mixture was purified by flash column chromatography (silica 

gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the α-acylamino amide 23 

Procedure of asymmetric Ugi-azide reaction: A 10-mL oven-dried tube was charged with 4-

bromobenzaldehyde 2a (0.15 mmol), 4-trifluroaniline 3a (0.10 mmol), scalemic catalyst 1h (0.01 

mmol), NaN3 (0.30 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature 

and stirred for 30 min. Then acetic acid 5b (0.40 mmol) was added in one portion. The mixture was 

cooled to -30 °C and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added 

in one portion and the resulting solution was stirred vigorously for 36 h. The reaction was then 

quenched with pre-cooled NEt3 (-30 °C, 1.0 mmol). The mixture was purified by flash column 

chromatography (silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the α-aminotetrazole 7. 
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2.7 The kinetic studies of partial reaction orders 

General procedure for the preparation of the samples for kinetic measurements on Ugi-4CR: 

A 10-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (0.15 mmol), 4-trifluroaniline 

3a (0.10 mmol), catalyst 1h (0.01 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at 

room temperature and stirred for 30 min. Then acetic acid 5b (0.50 mmol) was added in one portion. 

The mixture was cooled to -30 °C and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 

mmol) was added in one portion and the resulting solution was stirred for a specific time (3 min, 6 

min, 9 min, 12 min, 15 min, 18 min). The reaction was then quenched with pre-cooled NEt3 (-30 °C, 

1.0 mmol) and saturated aqueous NaHCO3 (1.0 mL). Then the mixture was diluted by water (10 mL) 

and DCM (10 mL). The organic phase was separated and the aqueous phase was extracted by DCM 

(10 mL × 2). The organic phase was combined, dried over anhydrous Na2SO4, filtrated and evaporated 

under reduced pressure. The residue was resolved in CDCl3 (0.6 mL) and diphenylmethane (16.8 mg, 

0.10 mmol) was added as internal standard for 1H-NMR analysis. 

General procedure for the preparation of the samples for kinetic measurements on Ugi-azide 

reactions: A 10-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (0.15 mmol), 4-

trifluroaniline 3a (0.10 mmol), catalyst 1h (0.01 mmol), 4 Å molecular sieves (100 mg), and toluene 

(2.0 mL) at room temperature and stirred for 30 min. Then acetic acid 5b (0.50 mmol) was added in 

one portion. The mixture was cooled to -30 °C and stirred for another 30 min. The tert-butyl 

isocyanide 4a (0.30 mmol) was added in one portion and the resulting solution was stirred for a 

specific time (3 min, 6 min, 9 min, 12 min, 15 min, 18 min). The reaction was then quenched with 

pre-cooled NEt3 (-30 °C, 1.0 mmol) and saturated aqueous NaHCO3 (1.0 mL). Then the mixture was 

diluted by water (10 mL) and DCM (10 mL). The organic phase was separated and the aqueous phase 

was extracted by DCM (10 mL × 2). The organic phase was combined, dried over anhydrous Na2SO4, 

filtrated and evaporated under reduced pressure. The residue was resolved in CDCl3 (0.6 mL) and 

diphenylmethane (16.8 mg, 0.10 mmol) was added as internal standard for 1H-NMR analysis. 
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2.7.1 Determination of the statistical error of the used method on Ugi-4CR 

The statistical error of the used method was determined by reproducing the standard Ugi-4CR 4 times. 

The relative standard deviation was only 2.58%. 

 

 
Supplementary Figure 2 | Determination of rates of the used method on Ugi-4CR. 
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2.7.2 Catalyst 1h rate order on Ugi-4CRs 

 

The rate order of catalyst 1h was evaluated following the general procedure, varying the starting-

concentration of 1h between 2 mol% and 15 mol%. The quantitative results and graghs of these 

experiments are provided below, which demonstrated first-order dependence with repect to the 

catalyst 1h. 

 

Supplementary Figure 3 | Rates determined from varying [catalyst 1h]. 

 

1h [M] 2a [M] 3a [M] 4a [M] 5b [M] Initial rate [M/min] 

0.001 0.075 0.050 0.150 0.250 2.6374×10-4 

0.0025 0.075 0.050 0.150 0.250 4.0036×10-4 

0.005 0.075 0.050 0.150 0.250 7.7922×10-4 

0.0075 0.075 0.050 0.150 0.250 9.6325×10-4 

Supplementary Figure 4 | Plot of initial rates vs. [catalyst 1h] and associated tabulated data.  
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2.7.3 Aldimine 99a rate order on Ugi-3CRs 

 

The rate order of aldimine 99a was evaluated instead of 4-bromobenzaldehyde and 4-trifluroaniline 

following the general procedure, varying the starting-concentration of aldimine 99a between 0.5 

equiv. and 2.0 equiv. The quantitative results and graghs of these experiments are provided below, 

which demonstrated first-order dependence with repect to the aldimine 99a. 

 

Supplementary Figure 5 | Rates determined from varying [aldimine 99a]. 

 

1h [M] 99a [M] 4a [M] 5b [M] Initial rate [M/min] 

0.005 0.025 0.150 0.250 4.6915×10-4 

0.005 0.050 0.150 0.250 8.1748×10-4 

0.005 0.075 0.150 0.250 1.1267×10-3 

0.005 0.100 0.150 0.250 1.3749×10-3 

Supplementary Figure 6 | Plot of initial rates vs. [aldimine 99a] and associated tabulated data. 
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2.7.4 Isocyanide 4a rate order on Ugi-4CRs 

 

The rate order of tert-butyl isocyanide 4a was evaluated following the general procedure, varying the 

starting-concentration of tert-butyl isocyanide 4a between 0.5 eq and 5.0 eq. The quantitative results 

and graghs of these experiments are provided below, which demonstrated first-order dependence with 

repect to the isocyanide 4a. 

 

Supplementary Figure 7 | Rates determined from varying [isocyanide 4a]. 

 

1h [M] 2a [M] 3a [M] 4a [M] 5b [M] Initial rate [M/min] 

0.005 0.075 0.050 0.025 0.250 1.8261×10-4 

0.005 0.075 0.050 0.050 0.250 3.4414×10-4 

0.005 0.075 0.050 0.100 0.250 3.8978×10-4 

0.005 0.075 0.050 0.150 0.250 7.7922×10-4 

0.005 0.075 0.050 0.250 0.250 9.0926×10-4 

Supplementary Figure 8 | Plot of initial rates vs. [isocyanide 4a] and associated tabulated data.  
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2.7.5 Acetic acid 5b rate order on Ugi-4CRs 

 

The rate order of acetic acid 5b was evaluated following the general procedure, varying the starting-

concentration of acetic acid 5b between 1.5 eq and 5.0 eq. The quantitative results and graghs of these 

experiments are provided below, which demonstrated first-order dependence with repect to the acetic 

acid 5b. 

 

Supplementary Figure 9 | Rates determined from varying [acetic acid 5b]. 

 

1h [M] 2a [M] 3a [M] 4a [M] 5b [M] Initial rate [M/min] 

0.005 0.075 0.050 0.150 0.075 2.9040×10-4 

0.005 0.075 0.050 0.150 0.100 3.8705×10-4 

0.005 0.075 0.050 0.150 0.150 6.1586×10-4 

0.005 0.075 0.050 0.150 0.200 7.1735×10-4 

0.005 0.075 0.050 0.150 0.250 7.7922×10-4 

Supplementary Figure 10 | Plot of initial rates vs. [acetic acid 5b] and associated tabulated data.  
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2.7.6 Acetic acid 5b rate order on Ugi-azide reactions 

 

The rate order of acetic acid 5b was evaluated following the general procedure, varying the starting-

concentration of acetic acid 5b between 4.0 eq and 7.0 eq. The quantitative results and graghs of these 

experiments are provided below, which also demonstrated first-order dependence with repect to the 

acetic acid 5b. 

 

Supplementary Figure 11 | Rates determined from varying [acetic acid 5b]. 

 

1h [M] 2a [M] 3a [M] 4a [M] 5b [M] NaN3 Initial rate [M/min] 

0.005 0.075 0.050 0.150 0.200 0.150 1.4425×10-4 

0.005 0.075 0.050 0.150 0.250 0.150 1.6679×10-4 

0.005 0.075 0.050 0.150 0.300 0.150 2.0766×10-4 

0.005 0.075 0.050 0.150 0.350 0.150 2.3351×10-4 

Supplementary Figure 12 | Plot of initial rates vs. [acetic acid 5b] and associated tabulated data. 
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2.7.7 NaN3 rate order on Ugi-azide reactions 

 

The rate order of NaN3 was evaluated following the general procedure, varying the starting-

concentration of NaN3 between 3.0 eq and 7.0 eq. The quantitative results and graphs of these 

experiments are provided below. From the plot it is evident that the overall reaction rate under these 

conditions is independent on the NaN3 concentration (NaN3 is insoluble in toluene), i.e., the reaction 

is zero-order with respect to NaN3. 

 
Supplementary Figure 13 | Rates determined from varying [NaN3]. 

 

1h [M] 2a [M] 3a [M] 4a [M] 5b [M] NaN3 Initial rate [M/min] 

0.005 0.075 0.050 0.150 0.200 0.150 1.4425×10-4 

0.005 0.075 0.050 0.150 0.200 0.200 1.4460×10-4 

0.005 0.075 0.050 0.150 0.200 0.250 1.4405×10-4 

0.005 0.075 0.050 0.150 0.200 0.350 1.4508×10-4 

Supplementary Figure 14 | Plot of initial rates vs. [NaN3] and associated tabulated data.  
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2.7.8 TMSN3 rate order on Ugi-azide reactions 

 

The rate order of TMSN3 was evaluated following the general procedure, varying the starting-

concentration of TMSN3 between 3.0 eq and 7.0 eq. The quantitative results and graphs of these 

experiments are provided below, which also demonstrated first-order dependence with repect to 

TMSN3. 

 
Supplementary Figure 15 | Rates determined from varying [TMSN3]. 

 
1h [M] 2a [M] 3a [M] 4a [M] TMSN3 [M] Initial rate [M/min] 

0.005 0.075 0.050 0.150 0.050 1.4685×10-4 

0.005 0.075 0.050 0.150 0.100 2.4269×10-4 

0.005 0.075 0.050 0.150 0.125 2.7577×10-4 

0.005 0.075 0.050 0.150 0.150 2.9605×10-4 

0.005 0.075 0.050 0.150 0.200 4.0406×10-4 

Supplementary Figure 16 | Plot of initial rates vs. [TMSN3] and associated tabulated data.  
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3. Supplementary Notes 

3.1. Preparation of anionic stereogenic-at-cobalt(III) complexes 

The catalysts (Λ-1a-Λ-1p) were known compounds and synthesized according to the literatures[1-4]. 

 

Procedures for alkali salts of anionic stereogenic-at-cobalt(III) complexes: In a 50 mL round-

bottom flask was placed the 3,5-di-substituted salicylaldehyde (5 mmol), L-amino acid (5 mmol) and 

Na2CO3 (2.5 mmol) in EtOH (25 mL). The reaction mixture became homogeneous by heating at 90 

ºC for 6 h and then Co(NO3)2·6H2O (2.7 mmol) was added. The resultant mixture was refluxed 42 h, 

and then filtered. The filtrate was concentrated in vacuo, and the residue was purified by column 

chromatography on neutral Al2O3 (EtOH as eluent, the Λ-(S,S)-complexes were always observed to 

have higher Rf values than the Δ-(S,S)-complexes). An additional purification was carried out by flash 

column chromatography on silica gel (Silica gel 60 extra pure was purchased from Merck KgaA, 

eluent: CH2Cl2 / MeOH = 10/1) to afford the major product Λ-1b, Λ-1d, Λ-1f, Λ-1h-Λ-1p. 

 

Preparation of the acidic form: In a 50 mL round-bottom flask, H2SO4 (0.55 mmol, 18 M) was 

added to the sodium salt 1 (0.5 mmol) in CH2Cl2 (25 mL). Then the solution was allowed to warm to 

room temperature. The resultant mixture was vigorously stirred overnight and then filtered. The 

filtrate was washed with 3 M HCl (20 mL), H2O (20 mL × 2) and the organic layers were dried over 

Na2SO4, and concentrated to afford the catalyst Λ-1a, Λ-1c, Λ-1e, and Λ-1g. It has been identified 

that the activity of the catalyst is the same as the Co(III)-templated Brønsted acids prepared by passing 

through a column filled with an ion-exchange resin DOWEX® 50WX8 in H+-form (100-200 mesh). 
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3.2. Experimental Procedures of Asymmetric Ugi-4CRs and Characteristic Data 

 

General Procedure A: Synthesis of racemic α-acylamino amides via Ugi-4CRs 

To a 10-mL oven-dried tube was added aldehyde 2 (0.1 mmol), amine 3 (0.1 mmol), isocyanide 4 

(0.1 mmol), acid 5 (0.1 mmol) and MeOH (1.0 mL). The solution was stirred overnight and then the 

solvent was removed under reduced pressure. The residue was purified by flash column 

chromatography to give the racemic α-acylamino amide. 

General Procedure B: Synthesis of chiral α-acylamino amides via asymmetric Ugi-4CRs 

A 10-mL oven-dried tube was charged with aldehyde 2 (0.15 mmol), amine 3 (0.10 mmol), catalyst 

Λ-1h (0.01 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and 

stirred for 30 min. Then carboxylic acid 5 (0.50 mmol) was added. The mixture was cooled to -40 °C 

and stirred for another 30 min. The isocyanide 4 (0.30 mmol) was added in one portion and the 

resulting solution was stirred vigorously for 24 h. The reaction was then quenched with pre-cooled 

NEt3 (-40 °C, 1.0 mmol). The mixture was purified by flash column chromatography (silica gel, 

petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-acylamino amide. 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (6): yield: 52.8 mg (99%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow foam; 

[α]D
25 = -50.4 (c 0.21, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.38 (d, J = 8.3 

Hz, 2H), 7.30 – 7.25 (m, 4H), 7.22 (t, J = 7.3 Hz, 1H), 7.17 – 7.08 (m, 6H), 

6.10 (s, 1H), 5.72 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.1, 168.1, 144.4, 135.4, 

133.7, 131.9, 131.7, 130.6, 130.1, 129.3 (q, J = 32.8 Hz), 128.6, 128.0, 125.6 (q, J = 2.7 Hz), 123.7 

(q, J = 272.0 Hz), 123.0, 65.9, 52.0, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) 

calculated for C26H25
79BrF3N2O2 [M+H]+: 533.1046, found: 533.1048; HRMS (ESI) calculated for 

C26H25
81BrF3N2O2 [M+H]+: 535.1026, found: 535.1033; Enantiomeric ratio: 97.5:2.5, determined 

by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 4.53 min (major), tR = 4.05 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-cyanophenyl)benzamide (8): 

yield: 48.6 mg (99%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow foam; [α]D
25 = -60.9 

(c 0.20, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 7.28 



S-29 

(d, J = 8.7 Hz, 2H), 7.27 – 7.25 (m, 1H), 7.25 – 7.23 (m, 2H), 7.18 – 7.07 (m, 6H), 6.16 (s, 1H), 5.64 

(s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 170.9, 168.0, 145.2, 135.2, 133.4, 132.3, 132.0, 

131.7, 131.1, 130.2, 128.6, 128.1, 123.1, 118.1, 110.9, 65.3, 52.1, 28.7; HRMS (ESI) calculated for 

C26H25
79BrN3O2 [M+H]+: 490.1125, found: 490.1129; HRMS (ESI) calculated for C26H25

81BrN3O2 

[M+H]+: 492.1104, found: 490.1113; Enantiomeric ratio: 97:3, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.17 

min (major), tR = 5.37 min (minor). 

(R)-methyl-4-(N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)benzamido)benzoate (9): 

yield: 48.6 mg (93%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 4/1/1); slight yellow foam; [α]D
25 = 

-49.0 (c 0.22, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.68 (d, J = 7.5 Hz, 

2H), 7.35 (d, J = 6.6 Hz, 2H), 7.27 (d, J = 7.4 Hz, 2H), 7.21 – 7.10 (m, 5H), 

7.06 (d, J = 6.6 Hz, 2H), 6.12 (s, 1H), 5.76 (s, 1H), 3.82 (s, 3H), 1.37 (s, 9H); 13C-NMR (151 MHz, 

CDCl3) δ 171.1, 168.1, 166.3, 145.4, 135.6, 133.8, 131.9, 131.8, 130.1, 130.0, 129.9, 128.8, 128.6, 

127.9, 122.9, 66.0, 52.2, 52.0, 28.8; HRMS (ESI) calculated for C27H28
79BrN2O4 [M+H]+: 523.1227, 

found: 523.1230; HRMS (ESI) calculated for C27H28
81BrN2O4 [M+H]+: 525.1206, found: 523.1215; 

Enantiomeric ratio: 91:9, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.15 min (major), tR = 5.30 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-nitrophenyl)benzamide (10): 

yield: 47.8 mg (94%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 4/1/1); yellow foam; [α]D
25 = -79.0 (c 

0.17, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.85 (d, J = 9.1 Hz, 2H), 7.37 

(d, J = 8.4 Hz, 2H), 7.27 (d, J = 7.2 Hz, 2H), 7.23 (d, J = 7.4 Hz, 1H), 7.18 – 

7.14 (m, 4H), 7.12 (d, J = 8.4 Hz, 2H), 6.20 (s, 1H), 5.64 (s, 1H), 1.37 (s, 9H); 13C-NMR (151 MHz, 

CDCl3) δ 171.0, 168.0, 147.0, 146.0, 135.1, 133.4, 132.1, 131.7, 131.1, 130.4, 128.6, 128.1, 123.7, 

123.2, 65.3, 52.2, 28.7; HRMS (ESI) calculated for C25H25
79BrN3O4 [M+H]+: 510.1023, 

found:510.1026; HRMS (ESI) calculated for C25H25
81BrN3O4 [M+H]+: 512.1002, found: 512.1010; 

Enantiomeric ratio: 97.5:2.5, determined by HPLC (Daicel Chirapak ID, isopropanol / hexanel = 

20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.09 min (major), tR = 7.23 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(methylsulfonyl)phenyl)ben-

zamide (11): yield: 37.0 mg (68%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 3/1/1); white foam; [α]D
25 

= -38.8 (c 0.06, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.57 (d, J = 8.7 
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Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.27 (s, 2H), 7.24 – 7.17 (m, 3H), 7.15 – 7.12 (m, 4H), 6.11 (s, 1H), 

5.72 (s, 1H), 2.90 (s, 3H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.1, 168.0, 146.3, 138.8, 

135.1, 133.5, 132.0, 131.7, 131.1, 130.4, 128.6, 128.1, 127.7, 123.2, 65.9, 52.1, 44.5, 28.7; HRMS 

(ESI) calculated for C26H28
79BrN2O4S [M+H]+: 543.0948, found: 543.0953; HRMS (ESI) calculated 

for C26H28
81BrN2O4S [M+H]+: 545.0927, found: 545.0936; Enantiomeric ratio: 96.5:3.5, 

determined by HPLC (Daicel Chirapak ID, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 10.36 min (major), tR = 9.56 min (minor). 

(R)-N-(4-Bromophenyl)-N-(1-(4-bromophenyl)-2-(tert-butylamino)-2-oxoethyl)benzamide (12): 

yield: 29.2 mg (54%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -22.8 (c 0.11, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 

7.6 Hz, 2H), 7.22 (t, J = 7.4 Hz, 1H), 7.17 – 7.10 (m, 6H), 6.86 (s, 2H), 6.08 (s, 

1H), 5.69 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.2, 168.2, 140.0, 135.6, 133.8, 

132.0, 131.9, 131.7, 129.9, 128.5, 127.9, 123.0, 121.3, 65.7, 52.0, 28.8; HRMS (ESI) calculated for 

C25H25
79Br2N2O2 [M+H]+: 543.0277, found: 543.0286; HRMS (ESI) calculated for 

C25H25
79Br81BrN2O2 [M+H]+: 545.0257, found: 545.0265; HRMS (ESI) calculated for 

C25H25
81Br2N2O2 [M+H]+: 547.0242, found: 547.0251; Enantiomeric ratio: 96:4, determined by 

HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 4.99 min (major), tR = 4.45 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-chlorophenyl)benzamide (13): 

yield: 26.1 mg (52%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -110.2 (c 

0.12, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.36 (d, J = 8.2 Hz, 2H), 7.27 – 

7.25 (m, 2H), 7.20 (t, J = 7.3 Hz, 1H), 7.14 (d, J = 7.5 Hz, 2H), 7.11 (d, J = 8.5 

Hz, 2H), 6.97 (d, J = 8.3 Hz, 2H), 6.92 (s, 2H), 6.09 (s, 1H), 5.76 (s, 1H), 1.35 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 171.2, 168.2, 139.4, 135.6, 133.8, 133.2, 131.9, 131.8, 131.7, 129.8, 128.7, 

128.5, 127.9, 122.9, 65.6, 51.9, 28.7; HRMS (ESI) calculated for C25H25
79Br35ClN2O2 [M+H]+: 

499.0782, found: 499.0788; HRMS (ESI) calculated for C25H25
81Br35ClN2O2 [M+H]+: 501.0762, 

found: 501.0769; HRMS (ESI) calculated for C25H25
81Br37ClN2O2 [M+H]+: 503.0738, found: 

503.0749; Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.73 min (major), tR = 7.59 min 

(minor). 
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(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(3-(trifluoromethyl)phenyl)ben-

zamide (14): yield: 40.4 mg (76%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow foam; 

[α]D
25 = -31.6 (c 0.05, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.35 (d, J = 8.0 

Hz, 2H), 7.24 (s, 2H), 7.22 – 7.16 (m, 3H), 7.16 – 7.05 (m, 6H), 6.13 (s, 1H), 

5.73 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.3, 168.1, 141.5, 135.4, 134.1, 133.7, 

131.9,131.8 , 130.89 (q, J = 32.6 Hz), 129.9, 129.0, 128.5, 128.0, 127.37 (q, J = 3.7 Hz), 123.92 (q, 

J = 3.5 Hz), 123.3 (q, J = 282.2 Hz), 123.1, 65.6, 52.0, 28.7; 19F-NMR (564 MHz, CDCl3) δ -63.0; 

HRMS (ESI) calculated for C26H25
79BrF3N2O2 [M+H]+: 533.1046, found: 533.1049; HRMS (ESI) 

calculated for C26H25
81BrF3N2O2 [M+H]+: 533.1026, found: 535.1031; Enantiomeric ratio: 91.5:8.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 6.22 min (major), tR = 5.89 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-4-(trifluoromethyl)-N-(4-(trifluor-

omethyl)phenyl)benzamide (15): yield: 32.2 mg (54%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); slight yellow foam; [α]D
25 = -43.6 (c 0.08, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.44 – 7.36 (m, 6H), 7.30 (d, J = 8.4 Hz, 2H), 7.13 – 7.12 (m, 2H), 

7.10 (d, J = 8.4 Hz, 2H), 6.08 (s, 1H), 5.53 (s, 1H), 1.36 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 169.7, 167.8, 143.6, 139.0, 133.3, 132.1, 131.9, 131.8 (q, J = 32.1 Hz) 130.9, 

129.8 (q, J = 31.7 Hz), 128.9, 125.9 (q, J = 3.6 Hz), 125.1 (q, J = 3.6 Hz), 123.6 (q, J = 273.1 Hz), 

123.5 (q, J = 272.1 Hz), 123.4, 65.9, 52.2, 28.8; 19F-NMR (564 MHz, CDCl3) δ -63.1, -62.7; HRMS 

(ESI) calculated for C27H24
79BrF6N2O2 [M+H]+: 601.0925, found: 601.0928; HRMS (ESI) calculated 

for C27H24
81BrF6N2O2 [M+H]+: 603.0905, found: 603.0912; Enantiomeric ratio: 93:7, determined 

by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 5.54 min (major), tmin = 4.81 min (minor). 

(R)-4-bromo-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)-

phenyl)benzamide (16): yield: 36.5 mg (60%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); slight yellow foam; [α]D
25 = -33.5 (c 0.12, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.37 (d, J = 8.3 Hz, 2H), 7.33 – 7.26 (m, 4H), 7.14 (d, J = 8.4 Hz, 

2H), 7.12 – 7.05 (m, 4H), 6.06 (s, 1H), 5.57 (s, 1H), 1.35 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 170.0, 167.9, 144.1, 134.3, 133.5, 132.0, 131.8, 131.3, 130.7, 130.3, 129.6 (q, J 

= 32.9 Hz), 125.8 (q, J = 3.6 Hz), 124.7, 123.6 (q, J = 272.6 Hz), 123.2, 66.0, 52.1, 28.7; 19F-NMR 

(564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C26H24
79Br2F3N2O2 [M+H]+: 611.0151, found: 
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611.0154; C26H24
79Br81BrF3N2O2 [M+H]+: 613.0131, found: 613.0137; C26H24

81Br2F3N2O2 [M+H]+: 

615.0116, found: 615.0120; Enantiomeric ratio: 91.5:8.5, determined by HPLC (Daicel Chirapak 

IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.64 min 

(major), tR = 5.11 min (minor). 

(R)-N-(1-(4-bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-3-(trifluoromethyl)-N-(4-(trifluo-

romethyl)phenyl)benzamide (17): yield: 37.0 mg (61%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); slight yellow foam; [α]D
25 = -47.9 (c 0.11, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.52 (s, 1H), 7.46 (dd, J = 15.8, 7.8 Hz, 2H), 7.38 (d, J = 8.3 Hz, 2H), 

7.32 – 7.26 (m, 3H), 7.18 – 7.09 (m, 4H), 6.09 (s, 1H), 5.53 (s, 1H), 1.37 (s, 

9H); 13C-NMR (151 MHz, CDCl3) δ 169.4, 167.8, 143.7, 136.2, 133.3, 132.1, 131.9, 131.8, 131.0, 

130.6 (q, J = 33.0 Hz), 129.9 (q, J = 33.3 Hz), 128.6, 126.7 (q, J = 3.7 Hz), 125.84 – 125.71 (m), 

123.55 (q, J = 272.3 Hz), 123.51 (q, J = 272.6 Hz), 123.4, 65.9, 52.2, 28.8; 19F-NMR (564 MHz, 

CDCl3) δ -63.1, -62.8; HRMS (ESI) calculated for C27H24
79BrF6N2O2 [M+H]+: 601.0920, found: 

601.0923; HRMS (ESI) calculated for C27H24
81BrF6N2O2 [M+H]+: 603.0899, found: 603.0908; 

Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.41 min (major), tR = 4.92 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)cin-

namamide (18): yield: 43.0 mg (77%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 8/1/1); slight yellow foam; 

[α]D
25 = -33.3 (c 0.01, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.72 (d, J = 

15.5 Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.33 – 7.21 

(m, 7H), 7.06 (d, J = 8.4 Hz, 2H), 6.10 (d, J = 15.5 Hz, 1H), 6.06 (s, 1H), 5.75 (s, 1H), 1.35 (s, 9H); 

13C-NMR (151 MHz, CDCl3) δ 168.2, 166.4, 143.8, 142.9, 134.8, 133.7, 131.9, 131.3, 130.5 (q, J = 

20.1 Hz), 130.1, 128.8, 128.1, 126.2 (q, J = 3.1 Hz), 123.8 (q, J = 272.2 Hz), 123.1, 118.1, 64.9, 52.0, 

28.8; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C28H27
79BrF3N2O2 [M+H]+: 

559.1208, found: 559.1209; HRMS (ESI) calculated for C28H27
81BrF3N2O2 [M+H]+: 561.1188, found: 

561.1194; Enantiomeric ratio: 93.5:6.5, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.76 min (major), tR = 5.33 min 

(minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-3-phenyl-N-(4-(trifluoromethyl)-

phenyl)propanamide (19): yield: 50.0 mg (89%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 8/1/1); slight yellow oil; [α]D
25 = -19.4 (c 0.23, MeOH); 1H-
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NMR (600 MHz, CDCl3) δ 7.41 (s, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.22 (t, J = 

7.3 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 7.03 (d, J = 7.1 Hz, 2H), 6.95 – 6.43 (m, 

4H), 5.90 (s, 1H), 5.57 (d, J = 16.1 Hz, 1H), 2.90 (t, J = 7.6 Hz, 2H), 2.36 – 

2.23 (m, 2H), 1.33 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 172.4, 168.3, 142.9, 

140.8, 133.5, 131.8, 131.7, 131.2, 130.4 (q, J = 33.7 Hz), 128.50, 128.47, 126.3, 126.1 (q, J = 6.7 Hz), 

124.6, 123.7 (q, J = 272.4 Hz), 122.8, 64.5, 51.9, 36.8, 31.5, 28.7; 19F-NMR (564 MHz, CDCl3) δ -

62.7; HRMS (ESI) calculated for C28H29
79BrF3N2O2 [M+H]+: 561.1359, found: 561.1364; HRMS 

(ESI) calculated for C28H29
81BrF3N2O2 [M+H]+: 563.1339, found: 563.1348; Enantiomeric ratio: 

94.5:5.5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 5.85 min (major), tR = 6.41 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)-

cyclobutanecarboxamide (20): yield: 36.6 mg (72%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

8/1/1); slight yellow oil; [α]D
25 = -30.2 (c 0.22, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.44 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.22 – 7.01 (m, 

2H), 6.97 (d, J = 8.4 Hz, 2H), 5.93 (s, 1H), 5.70 (s, 1H), 2.89 – 2.80 (m, 1H), 2.33 – 2.23 (m, 2H), 

1.75 – 1.65 (m, 4H), 1.32 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 174.9 , 168.4 , 142.8 , 133.7 , 

131.9 , 131.7 , 131.4 , 130.4 (q, J = 32.6 Hz), 125.8 (q, J = 6.5 Hz), 123.78 (q, J = 272.3 Hz), 122.9 , 

64.4 , 51.8 , 38.7 , 28.7 , 25.9 , 25.3 , 17.8; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) 

calculated for C24H27
79BrF3N2O2 [M+H]+: 511.1208, found: 511.1211; HRMS (ESI) calculated for 

C24H27
81BrF3N2O2 [M+H]+: 513.1188, found: 513.1194; Enantiomeric ratio: 96:4, determined by 

HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 3.90 min (major), tR = 5.01 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)-

cyclopentanecarboxamide (21): yield: 37.5 mg (71%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

8/1/1); slight yellow oil; [α]D
25 = -30.6 (c 0.19, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.47 (s, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.27 – 7.04 (m, 2H), 6.98 (d, 

J = 8.4 Hz, 2H), 5.92 (s, 1H), 5.70 (s, 1H), 2.43 – 2.32 (m, 1H), 1.86 – 1.75 (m, 2H), 1.69 – 1.65 (m, 

2H), 1.61 – 1.51 (m, 2H), 1.44 – 1.35 (m, 2H), 1.32 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 177.1, 

168.4, 143.4, 133.7, 131.9, 131.7, 131.4, 130.4 (q, J = 32.4 Hz), 126.0 (q, J = 6.7 Hz), 123.7 (q, J = 

272.3 Hz), 122.9, 64.5, 51.8, 42.8, 31.3, 30.9, 28.7, 26.4, 26.3; 19F-NMR (564 MHz, CDCl3) δ -62.6; 

HRMS (ESI) calculated for C25H29
79BrF3N2O2 [M+H]+: 525.1359, found: 525.1363; HRMS (ESI) 

calculated for C25H29
81BrF3N2O2 [M+H]+: 527.1339, found: 527.1345; Enantiomeric ratio: 94.5:5.5, 
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determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 3.61 min (major), tR = 4.34 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)cy-

clohexanecarboxamide (22): yield: 40.2 mg (75%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

8/1/1); slight yellow oil; [α]D
25 = -28.2 (c 0.18, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.48 (s, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.26 – 7.23 (m, 2H), 6.98 (d, 

J = 8.3 Hz, 2H), 5.91 (s, 1H), 5.69 (s, 1H), 2.01 – 1.92 (m, 1H), 1.69 – 1.45 

(m, 7H), 1.32 (s, 9H), 1.20 – 1.11 (m, 1H), 0.98 – 0.84 (m, 2H); 13C-NMR (151 MHz, CDCl3) δ 

173.2, 168.4, 143.3, 133.6, 131.9, 131.8, 131.3, 130.4 (q, J = 32.9 Hz), 126.1 (q, J = 3.4 Hz), 123.7 

(q, J = 274.3 Hz), 123.0, 64.4, 51.9, 36.9, 28.7, 18.7, 13.7; 19F-NMR (564 MHz, CDCl3) δ -62.6; 

HRMS (ESI) calculated for C26H31
79BrF3N2O2 [M+H]+: 539.1516, found: 539.1519; HRMS (ESI) 

calculated for C26H31
81BrF3N2O2 [M+H]+: 541.1495, found: 541.1504; Enantiomeric ratio: 97:3, 

determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 4.54 min (major), tR = 5.78 min (minor). 

(R)-2-(4-Bromophenyl)-N-(tert-butyl)-2-(N-(4-(trifluoromethyl)phenyl)acetamido)acetamide 

(23): yield: 41.0 mg (87%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -37.0 (c 

0.08, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.48 (d, J = 8.1 Hz, 2H), 7.32 

(d, J = 8.2 Hz, 2H), 7.26 - 7.24 (m, 2H), 6.98 (d, J = 8.2 Hz, 2H), 5.93 (s, 1H), 

5.49 (s, 1H), 1.84 (s, 3H), 1.33 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 170.7, 168.3, 143.7, 133.6, 

131.90, 131.86, 131.2, 130.5 (q, J = 33.0 Hz), 126.2 (q, J = 3.5 Hz), 123.7 (q, J = 272.3 Hz), 123.1, 

64.3, 52.0, 28.7, 23.4; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for 

C21H23
79BrF3N2O2 [M+H]+: 471.0890, found: 471.0897; HRMS (ESI) calculated for 

C21H23
81BrF3N2O2 [M+H]+: 473.0869, found: 473.0878; Enantiomeric ratio: 95.5:4.5, determined 

by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 4.59 min (major), tR = 4.16 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)pro-

pionamide (24): yield: 47.0 mg (97%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = 

-92.6 (c 0.04, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.53 – 7.40 (m, 2H),7.35 

– 7.28 (m, 2H), 7.27 – 7.06 (m, 2H), 7.01 – 6.92 (m, 2H), 5.94 (d, J = 11.0 Hz, 

1H), 5.63 (s, 1H), 2.05 – 1.91 (m, 2H), 1.31 (s, 9H), 1.02 (t, J = 7.4 Hz, 3H); 13C-NMR (151 MHz, 
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CDCl3) δ 174.0, 168.4, 143.2, 133.7, 131.89, 131.77, 131.3, 130.4 (q, J = 32.6 Hz), 126.1 (q, J = 3.2 

Hz), 123.72 (q, J = 272.3 Hz), 123.0, 64.3, 51.8, 28.7, 28.6, 9.4; 19F-NMR (564 MHz, CDCl3) δ -

62.7; HRMS (ESI) calculated for C22H25
79BrF3N2O2 [M+H]+: 485.1046, found: 485.1050; HRMS 

(ESI) calculated for C22H25
81BrF3N2O2 [M+H]+: 487.1026, found: 487.1033; Enantiomeric ratio: 

93.5:6.5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 4.40 min (major), tR = 5.00 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)-

butyramide (25): yield: 42.1 mg (84%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow 

oil; [α]D
25 = -15.5 (c 0.10, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.47 (d, J 

= 7.2 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.25 – 7.10 (m, 2H), 6.98 (d, J = 8.4 

Hz, 2H), 5.92 (s, 1H), 5.60 (s, 1H), 2.03 – 1.90 (m, 2H), 1.61 – 1.52 (m, 2H), 1.32 (s, 9H), 0.81 (t, J 

= 7.4 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 173.2, 168.4, 143.3, 133.7, 131.9, 131.8, 131.3, 130.4 

(q, J = 32.8 Hz), 126.1 (q, J = 6.5 Hz), 123.8 (q, J = 272.4 Hz), 123.0, 64.4, 51.9, 36.9, 28.7, 18.7, 

13.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for C23H27
79BrF3N2O2 [M+H]+: 

499.1208, found: 499.1209; HRMS (ESI) calculated for C23H27
79BrF3N2O2 [M+H]+: 501.1188, found: 

501.1192; Enantiomeric ratio: 94:6, determined by HPLC (Daicel Chirapak IB, isopropanol / 

hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.86 min (major), tR = 5.56 min 

(minor). 

(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)pen-

tanamide (26): yield: 49.8 mg (97%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight 

yellow oil; [α]D
25 = -29.3 (c 0.04, MeOH); 1H-NMR (600 MHz, CDCl3) δ 

7.47 (d, J = 7.3 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.27 – 7.03 (m, 2H), 6.98 

(d, J = 8.4 Hz, 2H), 5.93 (s, 1H), 5.66 (s, 1H), 2.06 – 1.91 (m, 2H), 1.59 – 1.46 (m, 2H), 1.32 (s, 9H), 

1.22 – 1.14 (m, 2H), 0.78 (t, J = 7.4 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 173.4, 168.4, 143.3, 

133.7, 131.9, 131.8, 131.3, 130.4 (q, J = 32.8 Hz), 126.1 (q, J = 6.8 Hz), 123.7 (q, J = 272.3 Hz), 

123.0, 64.4, 51.8, 34.7, 28.7, 27.4, 22.3, 13.8; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) 

calculated for C24H29
79BrF3N2O2 [M+H]+: 513.1359, found: 513.1360; HRMS (ESI) calculated for 

C24H29
81BrF3N2O2 [M+H]+: 515.1339, found: 515.1344; Enantiomeric ratio: 95:5, determined by 

HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 5.45 min (major), tR = 5.01 min (minor). 
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(R)-N-(1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)pi-

valamide (27): yield: 29.7 mg (58%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; 

[α]D
25 = -16.8 (c 0.06, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.44 (d, J = 7.8 

Hz, 2H), 7.31 – 7.26 (m, 4H), 6.96 (d, J = 8.4 Hz, 2H), 5.74 (s, 1H), 5.64 (s, 

1H), 1.33 (s, 9H), 1.01 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 178.1, 168.6, 143.9, 133.8, 132.7, 

132.0, 131.6, 130.4 (q, J = 32.4 Hz), 125.3 (q, J = 7.0 Hz), 123.7 (q, J = 272.8 Hz), 122.9, 67.2, 51.7, 

41.4, 29.5, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for 

C24H28
79BrF3N2NaO2 [M+Na]+: 535.1184, found: 535.1184; HRMS (ESI) calculated for 

C24H28
81BrF3N2NaO2 [M+Na]+: 537.1163, found: 537.1169; Enantiomeric ratio: 94:6, determined 

by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 7.62 min (major), tR = 6.16 min (minor). 

(R)-N-(1-(4-bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)fur-

an-2-carboxamide (28): yield: 42.7 mg (82%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

5/1/1); colorless oil; [α]D
25 = -33.5 (c 0.20, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.48 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.32 – 7.24 (m, 

3H), 7.09 (d, J = 8.4 Hz, 2H), 6.21 (m, J = 3.6, 1.6 Hz, 1H), 6.04 (s, 1H), 5.83 (d, J = 3.5 Hz, 1H), 

5.70 (s, 1H), 1.35 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 167.93, 159.35, 146.48, 145.06, 143.29, 

133.26, 132.01, 131.89, 131.37, 130.56 (q, J = 32.7 Hz), 125.90 (q, J = 3.6 Hz), 123.77 (q, J = 272.5 

Hz), 123.22, 117.67, 111.34, 65.55, 52.00, 28.74; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) 

calculated for C24H22
79BrF3N2NaO3 [M+Na]+: 545.0664, found: 545.0673; HRMS (ESI) calculated 

for C24H22
81BrF3N2NaO3 [M+Na]+: 547.0643, found:547.0656; Enantiomeric ratio: 90:10, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 4.41 min (major), tR = 4.07 min (minor). 

(2E,4E)-N-((R)-1-(4-bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)ph-

enyl)hexa-2,4-dienamide (29): yield: 19.3 mg (37%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

5/1/1); slight yellow oil; [α]D
25 = -33.2 (c 0.14, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.49 (d, J = 8.2 Hz, 2H), 7.40 – 7.27 (m, 4H), 7.13 (m, J = 28.1, 8.5 

Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 6.09 (m, J = 14.9, 6.9 Hz, 1H), 6.02 (s, 1H), 

6.01 – 5.96 (m, 1H), 5.75 (s, 1H), 5.44 (d, J = 14.8 Hz, 1H), 1.78 (d, J = 6.7 Hz, 3H), 1.34 (s, 9H); 

13C-NMR (151 MHz, CDCl3) δ 168.31, 166.79, 144.18, 143.04, 139.10, 133.78, 131.84, 131.78, 

130.37 (q, J = 34.7 Hz), 131.27, 130.12, 126.05 (q, J = 3.0 Hz), 123.80 (q, J = 271.8 Hz), 122.95, 
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118.96, 64.67, 51.89, 28.76, 18.62; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated 

for C25H26
79BrF3N2NaO2 [M+Na]+: 545.1027, found: 545.1022; HRMS (ESI) calculated for 

C25H26
81BrF3N2NaO2 [M+Na]+: 547.1007, found: 547.1005; Enantiomeric ratio: 79:21, determined 

by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 5.76 min (major), tmin = 5.06 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(2-chlorophenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (30): yield: 47.2 mg (97%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -

114.8 (c 0.16, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.31 – 7.26 (m, 4H), 7.24 

– 7.18 (m, 5H), 7.15 – 7.09 (m, 3H), 7.06 (t, J = 7.6 Hz, 1H), 6.57 (s, 1H), 5.80 

(s, 1H), 1.40 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 170.9, 168.4, 143.6, 135.7, 135.4, 132.5, 131.6, 

130.6, 130.2, 129.8, 129.7, 129.0 (q, J = 32.0 Hz), 128.5, 127.9, 127.0, 125.1 (q, J = 6.8 Hz), 123.7 

(q, J = 272.7 Hz), 62.8, 52.1, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated 

for C26H25
35ClF3N2O2 [M+H]+: 489.1557, found: 489.1554; HRMS (ESI) calculated for 

C26H25
37ClF3N2O2 [M+H]+: 491.1527, found: 491.1538; Enantiomeric ratio: 93:7, determined by 

HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 5.41 min (major), tR = 5.91 min (minor). 

(R)-N-(1-(2-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (31): yield: 52.5 mg (98%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white solid; m.p.: 170.5 

– 171.2 °C; [α]D
25 = -91.5 (c 0.18, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.48 

(d, J = 7.7 Hz, 1H), 7.31 – 7.24 (m, 4H), 7.20 – 7.16 (m, 3H), 7.15 – 7.03 (m, 5H), 

6.49 (s, 1H), 5.66 (s, 1H), 1.39 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 170.8, 168.4, 143.6, 135.7, 

134.2, 133.2, 131.9, 130.7, 130.4, 129.8, 129.0 (q, J = 32.2 Hz), 128.5, 127.9, 127.6, 126.3, 125.1 (q, 

J = 6.8 Hz), 123.7 (q, J = 272.3 Hz), 65.2, 52.1, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS 

(ESI) calculated for C26H25
79BrF3N2O2 [M+H]+: 533.1052, found: 533.1055; HRMS (ESI) calculated 

for C26H25
81BrF3N2O2 [M+H]+: 535.1031, found: 535.1043; Enantiomeric ratio: 91.5:8.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 4.42 min (major), tR = 4.76 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(3-chlorophenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (32): yield: 48.4 mg (99%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; 

[α]D
25 = -62.6 (c 0.22, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.30 – 7.26 (m, 
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5H), 7.23 – 7.19 (m, 2H), 7.16 – 7.09 (m, 6H), 6.14 (s, 1H), 5.84 (s, 1H), 1.36 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 171.1, 168.0, 144.3, 136.7, 135.4, 134.6, 130.7, 130.2, 130.1, 129.9, 129.3 (q, J 

= 32.8 Hz), 128.9, 128.6, 128.1, 128.0, 125.5 (q, J = 7.2 Hz), 123.7 (q, J = 272.2 Hz), 66.0, 52.0, 

28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for C26H25
35ClF3N2O2 [M+H]+: 

489.1557, found: 489.1554; HRMS (ESI) calculated for C26H25
37ClF3N2O2 [M+H]+: 491.1527, found: 

491.1538; Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.60 min (major), tR = 5.70 min 

(minor). 

(R)-N-(2-(Tert-butylamino)-2-oxo-1-(3-(trifluoromethyl)phenyl)ethyl)-N-(4-(trifluoromethyl)- 

phenyl)benzamide (33): yield: 47.3 mg (91%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); colorless oil; [α]D
25 = -84.8 (c 0.02, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.50 – 7.40 (m, 3H), 7.34 (t, J = 7.7 Hz, 1H), 7.29 – 7.18 (m, 5H), 

7.17 – 7.07 (m, 4H), 6.31 (s, 1H), 5.98 (s, 1H), 1.37 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.2, 

168.0, 144.0, 135.7, 135.3, 133.4, 131.1 (q, J = 33.8 Hz), 130.8, 130.2, 129.4 (q, J = 33.7 Hz), 129.1, 

128.6, 128.0, 127.1 (q, J = 33.2 Hz), 125.6 (q, J = 3.7 Hz), 125.4 (q, J = 3.7 Hz), 123.7 (q, J = 272.4 

Hz), 123.6 (q, J = 272.3 Hz), 65.6, 52.1, 28.7; 19F-NMR (564 MHz, CDCl3) δ -63.0, -62.8; HRMS 

(ESI) calculated for C27H25F6N2O2 [M+H]+: 523.1815, found: 523.1815; Enantiomeric ratio: 

95.5:4.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 5.51 min (major), tR = 5.16 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(4-fluorophenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (34): yield: 46.7 mg (99%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -

83.2 (c 0.19, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.25 (t, J = 7.9 Hz, 4H), 

7.22 – 7.18 (m, 3H), 7.14 – 7.09 (m, 4H), 6.90 (t, J = 8.5 Hz, 2H), 6.16 (s, 1H), 

5.75 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.1, 168.4, 163.6, 161.9, 144.3, 135.5, 

132.0 (d, J = 8.3 Hz), 130.8, 130.0, 129.2 (q, J = 32.7 Hz), 128.6, 127.9, 125.5 (q, J = 6.7 Hz), 123.68 

(q, J = 272.3 Hz), 115.7 (d, J = 21.5 Hz), 65.6, 51.9, 28.8; 19F-NMR (564 MHz, CDCl3) δ -112.3, -

62.7; HRMS (ESI) calculated for C26H25F4N2O2 [M+H]+: 473.1847, found: 473.1851; Enantiomeric 

ratio: 95:5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 6.85 min (najor), tR = 6.34 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(4-cyanophenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (35): yield: 47.5 mg (99%); (Flash column chromatography eluent, petroleum ether/ethyl 
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acetate/dichloromethane = 4/1/1); white foam; [α]D
25 = -53.4 (c 0.08, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.53 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 

2H), 7.30 – 7.22 (m, 5H), 7.15 (t, J = 7.6 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 

6.18 (s, 1H), 5.95 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.2, 

167.5, 144.2, 139.9, 134.9, 132.3, 130.6, 130.4, 130.3, 129.5 (q, J = 33.7 Hz), 128.6, 128.1, 125.8 (q, 

J = 3.5 Hz), 123.53 (q, J = 272.2 Hz), 118.2, 112.6, 66.2, 52.2, 28.7; 19F-NMR (564 MHz, CDCl3) δ 

-62.7; HRMS (ESI) calculated for C27H25F3N3O2 [M+H]+: 480.1893, found: 480.1896; 

Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.54 min (major), tR = 11.72 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(4-chlorophenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (36): yield: 48.4 mg (99%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = 

-86.8 (c 0.18, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.29 – 7.25 (m, 4H), 

7.22 – 7.16 (m, 5H), 7.15 – 7.10 (m, 4H), 6.15 (s, 1H), 5.77 (s, 1H), 1.37 (s, 

9H); 13C-NMR (151 MHz, CDCl3) δ 171.1, 168.2, 144.4, 135.4, 134.8, 133.2, 131.5, 130.7, 130.1, 

129.3 (q, J = 32.7 Hz), 128.9, 128.6, 128.0, 125.6 (q, J = 3.5 Hz), 123.7 (q, J = 272.3 Hz), 65.8, 52.0, 

28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for C26H25
35ClF3N2O2 [M+H]+: 

489.1557, found: 489.1556; HRMS (ESI) calculated for C26H25
37ClF3N2O2 [M+H]+: 491.1527, found: 

491.1540; Enantiomeric ratio: 97:3, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.34 min (major), tR = 6.35 min 

(minor). 

(R)-N-(2-(Tert-butylamino)-2-oxo-1-(p-tolyl)ethyl)-N-(4-(trifluoromethyl)phenyl)benzamide 

(37): yield: 41.0 mg (87%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -48.9 (c 

0.03, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.28 (d, J = 7.2 Hz, 2H), 7.23 

(d, J = 8.5 Hz, 2H), 7.19 (t, J = 7.4 Hz, 1H), 7.15 – 7.07 (m, 6H), 7.03 (d, J 

= 7.9 Hz, 2H), 6.12 (s, 1H), 5.62 (s, 1H), 2.27 (s, 3H), 1.35 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 

171.0, 168.7, 144.7, 138.6, 135.8, 131.6, 130.8, 130.1, 129.8, 129.4, 128.9 (q, J = 32.6 Hz), 128.6, 

127.9, 125.3 (q, J = 3.5 Hz), 123.8 (q, J = 272.1 Hz), 66.5, 51.8, 28.8, 21.2; 19F-NMR (564 MHz, 

CDCl3) δ -62.6; HRMS (ESI) calculated for C27H28F3N2O2 [M+H]+: 469.2097, found: 469.2104; 

Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.83 min (major), tR = 4.17 min (minor). 
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(R)-N-(2-(Tert-butylamino)-1-(4-(methylsulfonyl)phenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)- 

phenyl)benzamide (38): yield: 50.5 mg (95%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

4/1/1); white foam; [α]D
25 = -47.1 (c 0.17, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.81 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1 Hz, 2H), 7.28 (t, J = 

7.8 Hz, 4H), 7.26 – 7.24 (m, 1H), 7.18 – 7.10 (m, 4H), 6.21 (s, 1H), 6.01 

(s, 1H), 2.97 (s, 3H), 1.37 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.2, 167.5, 144.4, 140.9, 140.7, 

134.9, 130.8, 130.5 ,130.3, 129.5 (q, J = 31.8 Hz), 128.6, 128.1, 127.6, 125.8 (q, J = 3.7 Hz), 123.53 

(q, J = 272.1 Hz), 66.2, 52.2, 44.4, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) 

calculated for C27H28F3N2O4S [M+H]+: 533.1716, found: 533.1721; Enantiomeric ratio: 94:6, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 13.19 min (major), tR = 11.18 min (minor). 

Methyl-(R)-4-(2-(Tert-butylamino)-2-oxo-1-(N-(4-(trifluoromethyl)phenyl)benzamido)ethyl)- 

benzoate (39): yield: 50.3 mg (98%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 4/1/1); colorless 

oil; [α]D
25 = -36.9 (c 0.15, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.89 

(d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.29 – 7.18 (m, 5H), 7.16 – 

7.08 (m, 4H), 6.21 (s, 1H), 5.80 (s, 1H), 3.87 (s, 3H), 1.35 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 

171.2, 168.0, 166.4, 144.4, 139.6, 135.3, 130.4, 130.5, 130.1, 130.0, 129.9, 129.2 (q, J = 32.4 Hz), 

128.6, 128.0, 125.6 (q, J = 3.7 Hz), 123.6 (q, J = 272.2 Hz), 66.3, 52.3, 52.0, 28.7; 19F-NMR (564 

MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for C28H28F3N2O4 [M+H]+: 513.1996, found: 

513.2005; Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.94 min (major), tR = 6.28 min 

(minor). 

(R)-N-(2-(Tert-butylamino)-1-(4-methoxyphenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)-

benzamide (40): yield: 40.4 mg (83%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; 

[α]D
25 = -53.7 (c 0.13, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.27 (d, J = 

7.8 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 7.19 (t, J = 7.3 Hz, 1H), 7.15 - 7.05 

(m, 6H), 6.74 (d, J = 8.5 Hz, 2H), 6.12 (s, 1H), 5.60 (s, 1H), 3.74 (s, 3H), 1.35 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 171.0, 168.8, 159.8, 144.6 135.8 131.5, 130.9, 129.8, 128.9 (q, J = 32.1 Hz), 

128.6, 127.9, 126.6, 125.3 (q J = 3.6 Hz), 123.8 (q, J = 272.3 Hz), 114.1, 65.9, 55.3, 51.8, 28.8; 19F-

NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C27H28F3N2O3 [M+H]+: 485.2047, 

found: 485.2051; Enantiomeric ratio: 93:7, determined by HPLC (Daicel Chirapak IF, isopropanol 
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/ hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.15 min (major), tR = 6.56 

min (minor). 

(R)-N-(1-(4-Bromo-2-fluorophenyl)-2-(tert-butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)ph-

enyl)benzamide (41): yield: 54.5 mg (99%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; 

[α]D
25 = -104.5 (c 0.15, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.27 (d, J = 

8.4 Hz, 2H), 7.25 – 7.18 (m, 6H), 7.16 – 7.11 (m, 4H), 6.37 (s, 1H), 5.97 (s, 

1H), 1.39 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 170.9, 167.8, 161.5, 159.8, 143.9, 135.28, 132.44, 

130.51, 130.05, 129.4 (q, J = 32.6 Hz), 128.53, 127.91, 125.53 (q, J = 3.4 Hz), 123.65 (q, J = 272.2 

Hz), 123.49 (d, J = 9.6 Hz), 121.45 (d, J = 13.9 Hz), 119.13 (d, J = 25.1 Hz), 59.2, 52.0, 28.7; 19F-

NMR (564 MHz, CDCl3) δ -112.4, -62.7; HRMS (ESI) calculated for C26H24
79BrF4N2O2 [M+H]+: 

551.0957, found: 551.0961; HRMS (ESI) calculated for C26H24
81BrF4N2O2 [M+H]+: 553.0937, found: 

553.0945; Enantiomeric ratio: 94.5:5.5, determined by HPLC (Daicel Chirapak IB, isopropanol / 

hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.95 min (major), tR = 6.71 min 

(minor). 

(R)-N-(2-(Tert-butylamino)-2-oxo-1-phenylethyl)-N-(4-(trifluoromethyl)phenyl)benzamide 

(42): yield: 44.9 mg (99%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -54.6 (c 0.02, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.28 (d, J = 7.5 Hz, 2H), 7.24 – 7.17 (m, 

8H), 7.15 – 7.08 (m, 4H), 6.17 (s, 1H), 5.68 (s, 1H), 1.36 (s, 9H); 13C-NMR (151 

MHz, CDCl3) δ 171.1, 168.5, 144.6, 135.7, 134.7, 130.8, 130.1, 129.9, 129.0 (q, J = 32.7 Hz), 128.7, 

128.6, 127.9, 125.3 (q, J = 3.7 Hz), 123.7 (q, J = 272.0 Hz), 66.6, 51.9, 28.7; 19F-NMR (564 MHz, 

CDCl3) δ -62.6; HRMS (ESI) calculated for C26H26F3N2O2 [M+H]+: 455.1941, found: 455.1946; 

Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 

30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.36 min (major), tR = 3.99 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-(naphthalen-2-yl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)be-

nzamide (43): yield: 50.0 mg (99%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = 

-52.1 (c 0.04, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.80 (s, 1H), 7.79 – 

7.73 (m, 2H), 7.68 (d, J = 8.5 Hz, 1H), 7.51 – 7.45 (m, 2H), 7.31 (d, J = 7.5 

Hz, 2H), 7.26 – 7.25 (m, 1H), 7.22 – 7.11 (m, 7H), 6.36 (s, 1H), 5.76 (s, 1H), 1.37 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 171.2, 168.5, 144.6, 135.7, 133.1, 133.0, 132.2, 130.8, 129.91, 129.87, 129.0 (q, 

J = 32.7 Hz), 128.6, 128.4, 128.1, 127.9, 127.7, 127.1, 126.9, 126.6, 125.4 (q, J = 3.5 Hz), 123.7 (q, 
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J = 272.1 Hz), 66.7, 51.9, 28.8; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) calculated for 

C30H28F3N2O2 [M+H]+: 505.2097, found: 505.2103; Enantiomeric ratio: 95:5, determined by HPLC 

(Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): 

tR = 5.16 min (major), tR = 4.46 min (minor). 

(R)-N-(2-(Tert-butylamino)-2-oxo-1-(3-(trifluoromethyl)phenyl)ethyl)-N-(4-(trifluoromethyl)- 

phenyl)benzamide (44): yield: 28.4 mg (64%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); yellow oil; [α]D
25 

= -8.2 (c 0.09, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.28 (d, J = 8.9 Hz, 2H), 

7.27 – 7.17 (m, 6H), 7.17 – 7.07 (m, 4H), 6.48 (s, 1H), 6.30 (s, 1H), 1.39 (s, 9H); 

13C-NMR (151 MHz, CDCl3) δ 170.9, 166.4, 147.9, 144.4, 143.1, 133.7, 130.2, 129.9, 129.2 (q, J = 

33.6 Hz), 128.9, 128.7, 128.5, 128.0, 125.5 (q, J = 3.6 Hz), 123.8 (q, J = 272.1 Hz), 112.5, 111.0, 

60.3, 52.0, 28.7; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C24H24F3N2O3 

[M+H]+: 445.1734, found: 445.1739; Enantiomeric ratio: 92.5:7.5, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.93 

min (major), tR = 5.18 min (minor). 

(R)-N-(2-(tert-butylamino)-1-(4-hydroxyphenyl)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)b-

enzamide (45): yield: 20.7 mg (44%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 3/1/1); colorless oil; [α]D
25 = 

-14.8 (c 0.21, MeOH); 1H-NMR (600 MHz, CDCl3) ) δ 7.30 – 7.26 (m, 2H), 

7.24 (s, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 7.7 Hz, 2H), 7.12 – 7.08 (m, 

2H), 7.07 (d, J = 8.5 Hz, 2H), 6.70 (d, J = 8.6 Hz, 2H), 6.06 (s, 1H), 5.94 (s, 1H), 5.62 (s, 1H), 1.36 

(s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.23, 168.86, 156.35, 144.60, 135.68, 131.70, 130.86, 

129.93, 129.07 (q, J = 32.8 Hz), 128.59, 127.93, 126.42, 125.40 (q, J = 3.7 Hz), 123.78 (q, J = 271.9 

Hz), 115.75, 66.22, 51.93, 28.78; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for 

C26H25F3N2NaO3 [M+Na]+: 493.1715, found: 493.1714; Enantiomeric ratio: 63.5:36.5, determined 

by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 3.80 min (major), tR = 5.30 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-cyclohexyl-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)benzamide 

(46): yield: 25.0 mg (54%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -7.7 (c 0.09, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.41 (d, J = 8.4 Hz, 2H), 7.28 – 2.22 (m, 

3H), 7.21 – 7.13 (m, 4H), 6.83 (s, 1H), 4.49 (s, 1H), 2.17 (s, 1H), 1.85 (d, J = 11.4 

Hz, 2H), 1.73 – 1.62 (m, 3H), 1.34 (s, 9H), 1.27 – 1.21 (m, 1H), 1.18 – 1.10 (m, 2H), 1.07 – 0.97 (m, 
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2H); 13C-NMR (151 MHz, CDCl3) δ 172.1, 169.2, 136.0, 130.2, 129.1 (q, J = 33.1 Hz), 129.0, 128.5, 

128.2, 125.9 (q, J = 3.5 Hz), 123.8 (q, J = 272.2 Hz), 113.1, 64.9, 51.4, 41.2, 36.3, 30.2, 28.8, 26.4, 

25.7, 25.6; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C26H32F3N2O2 [M+H]+: 

461.2410, found: 461.2415; Enantiomeric ratio: 81:19, determined by HPLC (Daicel Chirapak IA, 

isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.81 min (major), 

tR = 5.59 min (minor). 

(R)-N-(2-(Tert-butylamino)-1-cyclohexyl-2-oxoethyl)-N-(4-nitrophenyl)benzamide (47): yield: 

32.1 mg (73%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 10/1/1); yellow oil; [α]D
25 = -11.5 (c 0.06, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 8.02 (d, J = 8.7 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 

7.22 – 7.16 (m, 4H), 6.62 (s, 1H), 4.62 (s, 1H), 2.10 (s, 1H), 1.88 – 1.83 (m, 1H), 

1.76 – 1.72 (m, 2H), 1.68 – 1.64 (m, 2H), 1.35 (s, 9H), 1.05 – 1.01 (m, 2H), 0.90 – 0.84 (m, 3H); 13C-

NMR (151 MHz, CDCl3) δ 172.0, 168. 9, 135.7, 130.6, 129.3, 128.5, 128.4, 126.4, 124.1, 111.8, 51.6, 

36.2, 30.2, 28.8, 26.3, 25.7, 25.5; HRMS (ESI) calculated for C25H32N3O4 [M+H]+: 438.2387, found: 

438.2390; Enantiomeric ratio: 90:10, determined by HPLC (Daicel Chirapak ID, isopropanol / 

hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.74 min (major), tR = 5.39 min 

(minor). 

(R)-N-(2-(Tert-butylamino)-1-cyclohexyl-2-oxoethyl)-N-(4-cyanophenyl)benzamide (48): yield: 

29.2 mg (70%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -9.9 (c 0.07, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.44 (d, J = 8.4 Hz, 2H), 7.35 – 7.26 (m, 3H), 7.20 

– 7.13 (m, 4H), 6.64 (s, 1H), 4.58 (s, 1H), 2.08 (s, 1H), 1.83 (d, J = 12.4 Hz, 1H), 

1.73 (d, J = 9.0 Hz, 2H), 1.65 (d, J = 9.0 Hz, 2H), 1.33 (s, 9H), 1.29 – 1.20 (m, 2H), 1.20 – 1.03 (m, 

3H); 13C-NMR (151 MHz, CDCl3) δ 171.9, 168.9, 135.7, 132.6, 130.4, 129.4, 128.5, 128.3, 118.2, 

110.6, 110.1, 51.5, 36.2, 30.1, 28.8, 26.3, 25.7, 25.5; HRMS (ESI) calculated for C26H32N3O2 [M+H]+: 

418.2489, found: 418.2494; Enantiomeric ratio: 91.5:8.5, determined by HPLC (Daicel Chirapak 

IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.68 min 

(major), tR = 3.98 min (minor).  

(R)-N-(1-(Tert-butylamino)-1-oxopentan-2-yl)-N-(4-cyanophenyl)benzamide (49): yield: 22.4 

mg (59%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -68.1 (c 0.05, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.45 (d, J = 8.7 Hz, 2H), 7.26 – 7.23 (m, 3H), 

7.19 – 7.12 (m, 4H), 6.40 (s, 1H), 5.16 – 5.11 (m, 1H), 1.76 – 1.65 (m, 2H), 1.37 
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(s, 9H), 1.31 – 1.23 (m, 2H), 0.86 (t, J = 7.1 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 171.4, 169.7, 

144.6, 135.6, 132.6, 130.2, 130.1, 128.2, 118.1, 111.1, 60.2, 51.6, 31.0, 28.8, 19.8, 13.9; HRMS (ESI) 

calculated for C23H28N3O2 [M+H]+: 378.2176, found: 378.2177; Enantiomeric ratio: 82.5:17.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 7.50 min (major), tR = 6.54 min (minor). 

(R)-N-(1-(Tert-butylamino)-1-oxononan-2-yl)-N-(4-cyanophenyl)benzamide (50): yield: 26.6 

mg (61%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -

58.0 (c 0.09, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.45 (d, J = 8.6 

Hz, 2H), 7.25 – 7.22 (m, 3H), 7.19 – 7.12 (m, 4H), 6.39 (s, 1H), 5.12 (t, 

J = 7.5 Hz, 1H), 1.73 (d, J = 9.0 Hz, 1H), 1.37 (s, 9H), 1.31 – 1.14 (m, 9H), 0.83 (t, J = 7.1 Hz, 3H); 

13C-NMR (151 MHz, CDCl3) δ 171.4, 169.7, 144.5, 135.6, 132.6, 130.2, 130.1, 128.2, 118.1, 111.1, 

110.1, 60.4, 51.6, 31.6, 29.0, 28.9, 28.8, 26.4, 22.5, 14.0; HRMS (ESI) calculated for C27H36N3O2 

[M+H]+: 434.2802, found: 434.2811; Enantiomeric ratio: 85:15, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.90 

min (major), tR = 4.49 min (minor). 

(R)-N-(1-(Tert-butylamino)-1-oxodecan-2-yl)-N-(4-cyanophenyl)benzamide (51): yield: 31.3 mg 

(70%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -80.0 (c 

0.05, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.45 (d, J = 8.5 Hz, 

2H), 7.27 – 7.21 (m, 3H), 7.19 – 7.11 (m, 4H), 6.39 (s, 1H), 5.12 (t, 

J = 7.5 Hz, 1H), 1.76 – 1.68 (m, 1H), 1.36 (s, 9H), 1.33 – 1.10 (m, 13H), 0.84 (t, J = 7.1 Hz, 3H); 

13C-NMR (151 MHz, CDCl3) δ 171.4, 169.7, 144.5, 135.6, 132.6, 130.2, 130.1, 128.2, 118.1, 111.1, 

60.4, 51.5, 31.8, 29.3, 29.2, 28.9, 28.8, 26.4, 25.4, 22.7, 14.2; HRMS (ESI) calculated for C28H38N3O2 

[M+H]+: 448.2959, found: 448.2964; Enantiomeric ratio: 85:15, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.77 

min (major), tR = 4.42 min (minor). 

(R)-N-Butyl-N-(2-(Tert-butylamino)-1-(4-cyanophenyl)-2-oxoethyl)benzamide (52): yield: 20.1 

mg (51%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 10/1/1); colorless oil; [α]D
25 = -20.6 (c 0.07, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.66 (d, J = 8.2 Hz, 2H), 7.56 (s, 2H), 

7.47 – 7.38 (m, 5H), 6.74 (s, 1H), 5.54 (s, 1H), 3.41 – 3.26 (m, 2H), 1.38 (s, 

9H), 1.22 – 1.18 (m, 2H), 1.07 – 0.91 (m, 2H), 0.64 (s, 3H); 13C-NMR (151 MHz, CDCl3) δ 173.0, 
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168.2, 141.3, 136.0, 132.4, 130.2, 129.2, 128.7, 126.7, 118.5, 112.1, 65.0, 51.8, 31.4, 28.7, 19.9, 13.4; 

HRMS (ESI) calculated for C24H30N3O2 [M+H]+: 392.2333, found: 392.2342; Enantiomeric ratio: 

60.5:39.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 7.43 min (major), tR = 8.21 min (minor). 

(R)-N-(1-(4-Bromophenyl)-2-(cyclohexylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)-

benzamide (53): yield: 38.1 mg (68%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow foam; 

[α]D
25 = -19.8 (c 0.03, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.39 (d, J = 8.4 

Hz, 2H), 7.31 – 7.26 (m, 4H), 7.22 (t, J = 7.4 Hz, 1H), 7.18 – 7.07 (m, 6H), 

6.16 (s, 1H), 5.70 (d, J = 7.8 Hz, 1H), 3.90 – 3.80 (m, 1H), 2.00 – 1.85 (m, 2H), 1.72 – 1.55 (m, 4H), 

1.41 – 1.31 (m, 2H), 1.20 – 1.10 (m, 2H); 13C-NMR (151 MHz, CDCl3) δ 171.1, 167.9, 144.3, 135.2, 

133.5, 131.9, 131.7, 130.5, 130.0, 129.2 (q, J = 32.7 Hz), 128.5, 127.9, 125.5 (q, J = 3.7 Hz), 123.6 

(q, J = 273.1 Hz), 123.0, 65.4, 49.0, 32.8, 25.4, 24.7; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS 

(ESI) calculated for C28H27
79BrF3N2O2 [M+H]+: 559.1208, found: 559.1210; HRMS (ESI) calculated 

for C28H27
81BrF3N2O2 [M+H]+: 561.1188, found: 561.1193; Enantiomeric ratio: 97:3, determined 

by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 4.94 min (major), tR = 5.65 min (minor). 

(R)-N-(2-(cyclohexylamino)-2-oxo-1-(4-(trifluoromethyl)phenyl)ethyl)-N-(4-(trifluoromethyl)- 

phenyl)benzamide (54): yield: 49.3 mg (90%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); slight yellow foam; [α]D
25 = -67.7 (c 0.15, MeOH); 1H-NMR (600 

MHz, CDCl3) δ 7.52 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.32 – 7.26 

(m, 4H), 7.24 – 7.21 (m, 1H), 7.18 – 7.08 (m, 4H), 6.24 (s, 1H), 5.85 (d, J = 7.6 Hz, 1H), 3.92 – 3.81 

(m, 1H), 1.97 (d, J = 9.6 Hz, 1H), 1.90 (d, J = 10.6 Hz, 1H), 1.72 – 1.60 (m, 3H), 1.41 – 1.31 (m, 2H), 

1.21 – 1.05 (m, 3H); 13C-NMR (151 MHz, CDCl3) δ 171.2, 167.5, 144.4, 138.5, 135.0, 130.9 (q, J = 

32.7 Hz), 130.3, 130.21, 130.17, 129.3 (q, J = 32.6 Hz), 128.5, 127.9, 125.6 (q, J = 3.8 Hz), 125.5 (q, 

J = 3.7 Hz), 123.5 (q, J = 272.3 Hz), 123.4 (q, J = 272.3 Hz), 65.9, 49.0, 32.8, 25.4, 24.7; 19F-NMR 

(564 MHz, CDCl3) δ -62.9, -62.7; HRMS (ESI) calculated for C29H27F6N2O2 [M+H]+: 549.1971, 

found: 549.1976; Enantiomeric ratio: 98:2, determined by HPLC (Daicel Chirapak IF, isopropanol 

/ hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.22 min (major), tR = 5.05 

min (minor). 

(R)-N-(1-(4-bromophenyl)-2-(cyclopentylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)be-

nzamide (55): yield: 51.7 mg (95%); (Flash column chromatography eluent, petroleum ether/ethyl 
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acetate/dichloromethane = 4/1/1); colorless oil; [α]D
25 = -54.6 (c 0.21, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.39 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 

2H), 7.27 – 7.25 (m, 2H), 7.25 – 7.20 (m, 1H), 7.14 (q, J = 8.1 Hz, 6H), 6.20 

(s, 1H), 5.92 (d, J = 7.1 Hz, 1H), 4.27 (m, J = 13.6, 6.6 Hz, 1H), 2.04 – 1.95 

(m, 2H), 1.64 – 1.56 (m, 4H), 1.44 – 1.39 (m, 1H), 1.34 (m, J = 11.2, 6.2 Hz, 1H); 13C-NMR (151 

MHz, CDCl3) δ 171.24, 168.48, 144.41, 135.33, 133.60, 131.97, 131.75, 130.67, 130.14, 129.34 (q, 

J = 32.8 Hz), 128.59, 127.99, 125.63 (q, J = 3.6 Hz), 123.67 (q, J = 272.2 Hz), 123.14, 65.48, 51.93, 

33.04, 32.98, 23.81, 23.80; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for 

C27H24
79BrF3N2NaO2 [M+Na]+: 567.0871, found: 567.0870; HRMS (ESI) calculated for 

C27H24
81BrF3N2NaO2 [M+Na]+: 569.0850, found: 569.0854; Enantiomeric ratio: 96:4, determined 

by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 4.81 min (major), tR = 5.54 min (minor). 

(R)-N-(1-(4-bromophenyl)-2-(isopropylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)ben-

zamide (56): yield: 44.2 mg (85%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 4/1/1); colorless oil; [α]D
25 = 

-37.8 (c 0.20, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.40 (d, J = 8.5 Hz, 2H), 

7.31 – 7.26 (m, 4H), 7.23 (m, J = 10.6, 4.3 Hz, 1H), 7.18 – 7.10 (m, 6H), 6.17 

(s, 1H), 5.70 (d, J = 7.6 Hz, 1H), 4.16 (m, J = 11.5, 5.8 Hz, 1H), 1.19 (d, J = 6.6 Hz, 3H), 1.13 (d, J 

= 6.5 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 171.23, 168.02, 144.44, 135.35, 133.59, 132.00, 

131.79, 130.67, 130.14, 129.35 (q, J = 32.8 Hz), 128.59, 128.00, 125.64 (q, J = 3.6 Hz), 123.68 (q, J 

= 272.4 Hz), 123.18, 65.55, 42.27, 22.62, 22.57; 19F-NMR (564 MHz, CDCl3) δ -62.6; HRMS (ESI) 

calculated for C25H22
79BrF3N2NaO2 [M+Na]+: 541.0714, found:541.0716; HRMS (ESI) calculated 

for C25H22
81BrF3N2NaO2 [M+Na]+: 543.0694, found: 543.0698; Enantiomeric ratio: 96:4, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR =4.44 min (major), tR = 4.86 min (minor). 

(R)-N-(1-(4-bromophenyl)-2-oxo-2-((2,4,4-trimethylpentan-2-yl)amino)ethyl)-N-(4-(trifluoro-

methyl)phenyl)benzamide (57): yield: 58.7 mg (99%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate/dichloromethane = 

6/1/1); colorless oil; [α]D
25 = -65.3 (c 0.20, MeOH); 1H-NMR (600 MHz, 

CDCl3) δ 7.39 (d, J = 8.5 Hz, 2H), 7.32 – 7.26 (m, 4H), 7.24 – 7.20 (m, 1H), 

7.18 – 7.12 (m, 6H), 6.04 (s, 1H), 5.75 (s, 1H), 1.79 (d, J = 14.9 Hz, 1H), 1.61 (d, J = 14.9 Hz, 1H), 

1.47 (s, 3H), 1.42 (s, 3H), 0.94 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 171.07, 167.57, 144.71, 

135.43, 133.75, 131.93, 131.76, 130.50, 130.06, 129.27 (q, J = 32.8 Hz), 128.56, 127.98, 125.66 (q, 

J = 3.6 Hz), 123.68 (q, J = 272.4 Hz), 123.06, 66.54, 56.10, 52.82, 31.53, 28.93, 28.53; 19F-NMR 
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(564 MHz, CDCl3) δ -62.6; HRMS (ESI) calculated for C30H32
79BrF3N2NaO2 [M+Na]+: 611.1497, 

found:611.1505; HRMS (ESI) calculated for C30H32
81BrF3N2NaO2 [M+Na]+: 613.1476, found: 

613.1489; Enantiomeric ratio: 98:2., determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.55 min (major), tR = 3.81min 

(minor). 

Ethyl (R)-(2-(4-bromophenyl)-2-(N-(4-(trifluoromethyl)phenyl)benzamido)acetyl)glycinate 

(58): yield: 26.4 mg (47%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 3/1/1); colorless oil; [α]D
25 

= -38.5 (c 0.20, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.41 (d, J = 8.5 Hz, 

2H), 7.35 – 7.27 (m, 4H), 7.24 (t, J = 7.4 Hz, 1H), 7.21 – 7.13 (m, 4H), 7.11 

(d, J = 7.8 Hz, 2H), 6.52 (t, J = 4.9 Hz, 1H), 6.30 (s, 1H), 4.21 (q, J = 7.1 Hz, 2H), 4.11 (t, J = 5.0 Hz, 

2H), 1.29 (d, J = 7.1 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 171.4, 169.6, 169.2, 144.3, 135.2, 

133.0, 132.0, 132.0, 130.6, 130.3, 129.5 (q, J = 32.8 Hz), 128.7, 128.0, 125.8 (q, J = 3.6 Hz), 123.7 

(q, J = 272.4 Hz), 123.4, 65.4, 61.7, 41.8, 14.2; 19F-NMR (564 MHz, CDCl3) δ -62.7; HRMS (ESI) 

calculated for C26H22
79BrF3N2NaO4 [M+Na]+: 585.0613, found: 585.0609; HRMS (ESI) calculated 

for C26H22
81BrF3N2NaO4 [M+Na]+: 587.0592, found: 587.0594; Enantiomeric ratio: 78.5:21.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 7.20 min (major), tR = 10.04 min (minor). 

(R)-N-(1-(4-bromophenyl)-2-(butylamino)-2-oxoethyl)-N-(4-(trifluoromethyl)phenyl)benzam-

ide (59): yield: 36.7 mg (69%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 4/1/1); colorless oil; 

[α]D
25 = -16.5 (c 0.19, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.40 (d, J 

= 8.5 Hz, 2H), 7.33 – 7.27 (m, 4H), 7.25 – 7.21 (m, 1H), 7.18 – 7.11 (m, 

6H), 6.17 (s, 1H), 5.92 (s, 1H), 3.37 – 3.30 (m, 2H), 1.49 (m, J = 15.0, 7.1 Hz, 2H), 1.33 – 1.29 (m, 

2H), 0.90 (t, J = 7.4 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 171.23, 168.86, 144.53, 135.30, 133.59, 

132.01, 131.78, 130.62, 130.17, 129.39 (q, J = 32.6 Hz), 128.62, 128.01, 125.69 (q, J = 3.6 Hz), 

123.68 (q, J = 272.3 Hz), 123.22, 65.77, 39.89, 31.57, 20.13, 13.74; 19F-NMR (564 MHz, CDCl3) δ 

-62.7; HRMS (ESI) calculated for C26H24
79BrF3N2NaO2 [M+Na]+:555.0871, found: 555.0875; 

HRMS (ESI) calculated for C26H24
81BrF3N2NaO2 [M+Na]+: 557.0850, found: 557.0859; 

Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.96 min (major), tR = 5.73 min (minor). 
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3.3. Experimental Procedures of Asymmetric Ugi-azide reactions and Characteristic Data 

 

General Procedure C: Synthesis of racemic α-aminotetrazoles via Ugi-azide reactions 

To a 10-mL oven-dried tube was added aldehyde 2 (0.1 mmol), amine 3 (0.1 mmol), isocyanide 4 

(0.2 mmol), TMSN3 (0.2 mmol) and MeOH (1.0 mL). The solution was stirred overnight and then 

the solvent was removed under reduced pressure. The residue was purified by flash column 

chromatography to give the racemic α-aminotetrazole. 

General Procedure D: Synthesis of chiral α-aminotetrazoles via asymmetric Ugi-azide reactions 

A 10-mL oven-dried tube was charged with aldehyde 2 (0.15 mmol), amine 3 (0.10 mmol), catalyst 

Λ-1h (0.01 mmol), NaN3 (0.30 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room 

temperature and stirred for 30 min. Then acetic acid 5b (0.40 mmol) was added. The mixture was 

cooled to -30 °C and stirred for another 30 min. The isocyanide 4 (0.30 mmol) was added in one 

portion and the resulting solution was stirred vigorously for 36 h. The reaction was then quenched 

with pre-cooled NEt3 (-30 °C, 1.0 mmol). The mixture was purified by flash column chromatography 

(silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-aminotetrazole. 

(R)-N-((4-bromophenyl)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)-4-(trifluoromethyl)aniline (7): 

yield: 37.2 mg (82%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white solid; m.p.: 143.5 – 

145.1 °C; [α]D
25 = -80.8 (c 0.38, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.50 

(d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 10.0 Hz, 2H), 6.66 

(d, J = 8.4 Hz, 2H), 6.12 (d, J = 8.6 Hz, 1H), 5.30 (d, J = 8.6 Hz, 1H), 1.73 (s, 

9H); 13C-NMR (151 MHz, CDCl3) δ 154.3, 147.9, 136.5, 132.4, 129.29, 129.27, 126.9 (q, J = 3.8 

Hz), 124.5 (q, J = 270.4 Hz), 123.1, 121.0 (q, J = 32.8 Hz), 114.2, 113.13, 113.10, 62.0, 53.3, 30.2; 

19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for C19H20
79BrF3N5 [M+H]+: 

454.0854, found: 454.0860; HRMS (ESI) calculated for C19H20
81BrF3N5 [M+H]+: 456.0834, found: 

456.0843; Enantiomeric ratio: 95.5:4.5, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.26 min (major), tR = 6.45 min 

(minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(4-fluorophenyl)methyl)-4-(trifluoromethyl)aniline (60): 

yield: 30.6 mg (78%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -108.4 (c 0.31, MeOH); 1H-NMR (600 MHz, 
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CDCl3) δ 7.40 (d, J = 8.3 Hz, 2H), 7.37 – 7.32 (m, 2H), 7.06 (t, J = 8.4 Hz, 2H), 

6.66 (d, J = 8.3 Hz, 2H), 6.15 (d, J = 8.6 Hz, 1H), 5.24 (d, J = 8.4 Hz, 1H), 1.72 

(s, 9H); 13C-NMR (151 MHz, CDCl3) δ 163.6, 162.0, 154.6, 148.0, 133.3, 

129.5 (d, J = 8.4 Hz), 126.8 (q, J = 3.8 Hz), 124.5 (q, J = 270.9 Hz), 120.9 (q, 

J = 32.3 Hz), 116.3 (d, J = 21.9 Hz), 113.1, 61.9, 53.2, 30.1; 19F-NMR (564 MHz, CDCl3) δ -112.2, 

-61.5; HRMS (ESI) calculated for C19H20F4N5 [M+H]+: 394.1655, found: 394.1658; Enantiomeric 

ratio: 95:5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 4.83 min (major), tR = 5.97 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(4-chlorophenyl)methyl)-4-(trifluoromethyl)aniline (61): 

yield: 28.2 mg (69%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow foam; [α]D
25 = -

92.8 (c 0.28, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.40 (d, J = 8.4 Hz, 2H), 

7.37 – 7.33 (m, 2H), 7.32 – 7.29 (m, 2H), 6.65 (d, J = 8.4 Hz, 2H), 6.14 (d, J 

= 8.6 Hz, 1H), 5.25 (d, J = 8.6 Hz, 1H), 1.73 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 154.3, 147.9, 

136.0, 135.0, 129.5, 129.0, 126.8 (q, J = 3.6 Hz), 124.5 (q, J = 270.5 Hz), 121.0 (q, J = 33.8 Hz), 

113.1, 62.0, 53.2, 30.1; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for 

C19H20
35ClF3N5 [M+H]+: 410.1354, found: 410.1362; HRMS (ESI) calculated for C19H20

37ClF3N5 

[M+H]+: 412.1324, found: 412.1304; Enantiomeric ratio: 95:5, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.10 

min (major), tR = 6.18 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4(trifluoromethyl)phenyl)amino)methyl)benzonitrile 

(62): yield: 30.1 mg (75%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 3/1/1); white foam; [α]D
25 = -43.5 (c 

0.30, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.3 Hz, 2H), 7.53 

(d, J = 8.2 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.4 Hz, 2H), 6.21 (d, 

J = 8.6 Hz, 1H), 5.31 (d, J = 8.5 Hz, 1H), 1.77 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.7, 147.5, 

142.6, 132.9, 128.3, 127.0 (q, J = 3.7 Hz), 124.4 (q, J = 270.9 Hz), 121.5 (q, J = 32.9 Hz), 117.9, 

113.0, 62.2, 53.2, 30.2; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for 

C20H20F3N6 [M+H]+: 401.1702, found: 401.1707; Enantiomeric ratio: 97.5:2.5, determined by 

HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 10.88 min (major), tR = 10.10 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(4-nitrophenyl)methyl)-4-(trifluoromethyl)aniline (63): 

yield: 34.4 mg (82%); (Flash column chromatography eluent, petroleum ether/ethyl 
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acetate/dichloromethane = 2/1/1); slight yellow foam; [α]D
25 = -70.1 (c 0.28, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 8.24 (d, J = 8.7 Hz, 2H), 7.60 (d, J 

= 8.6 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.4 Hz, 2H), 6.26 (d, J = 

8.7 Hz, 1H), 5.28 (d, J = 8.6 Hz, 1H), 1.78 (s, 9H); 13C-NMR (151 MHz, 

CDCl3) δ 153.7, 148.1, 147.4, 144.4, 128.5, 127.0 (q, J = 3.8 Hz), 125.3 (q, J = 276.0 Hz), 124.4, 

121.6 (q, J = 37.1 Hz), 113.1, 62.2, 53.0, 30.2; 19F-NMR (564 MHz, CDCl3) δ -61.6; HRMS (ESI) 

calculated for C19H20F3N6O2 [M+H]+: 421.1594, found: 421.1597; Enantiomeric ratio: 97:3, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 9.20 min (major), tR = 6.77 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(p-tolyl)methyl)-4-(trifluoromethyl)aniline (64): yield: 

28.2 mg (72%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 5/1/1); white foam; [α]D
25 = -157.7 (c 0.28, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.38 (d, J = 8.4 Hz, 2H), 7.22 (d, J 

= 7.9 Hz, 2H), 7.17 (d, J = 7.9 Hz, 2H), 6.65 (d, J = 8.3 Hz, 2H), 6.11 (d, J = 

8.5 Hz, 1H), 5.23 (d, J = 8.3 Hz, 1H), 2.33 (s, 3H), 1.70 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 

154.8, 148.3, 138.9, 134.4, 129.9, 127.6, 126.7 (q, J = 3.5 Hz), 124.6 (q, J = 269.5 Hz), 120.6 (q, J = 

32.4 Hz), 113.0, 61.8, 53.7, 30.1, 21.1; 19F-NMR (564 MHz, CDCl3) δ -61.4; HRMS (ESI) calculated 

for C20H23F3N5 [M+H]+: 390.1900, found: 390.1907; Enantiomeric ratio: 93:7, determined by 

HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 5.19 min (major), tR = 9.33 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(4-methoxyphenyl)methyl)-4-(trifluoromethyl)aniline 

(65): yield: 31.8 mg (78%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 4/1/1); colorless oil; [α]D
25 

= -97.7 (c 0.32, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.38 (d, J = 8.3 Hz, 

2H), 7.26 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.65 (d, J = 8.3 Hz, 

2H), 6.10 (d, J = 8.5 Hz, 1H), 5.24 (d, J = 8.4 Hz, 1H), 3.78 (s, 3H), 1.70 (s, 9H); 13C-NMR (151 

MHz, CDCl3) δ 159.9, 154.9, 148.3, 129.3, 129.0, 126.7 (q, J = 3.8 Hz), 123.7 (q, J = 270.1 Hz), 

120.5 (q, J = 32.5 Hz), 114.6, 113.1, 61.8, 55.3, 53.4, 30.0; 19F-NMR (564 MHz, CDCl3) δ -61.4; 

HRMS (ESI) calculated for C20H22F3N5NaO [M+Na]+: 428.1674, found: 428.1670; Enantiomeric 

ratio: 92.5:7.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 

1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.36 min (major), tR = 11.67 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(4-(methylsulfonyl)phenyl)methyl)-4-(trifluoromethyl)-

aniline (66): yield: 31.7 mg (70%); (Flash column chromatography eluent, petroleum ether/ethyl 
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acetate/dichloromethane = 2/1/1); white foam; [α]D
25 = -67.9 (c 0.32, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.62 (d, 

J = 8.2 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz, 2H), 6.25 

(d, J = 8.6 Hz, 1H), 5.51 (d, J = 8.4 Hz, 1H), 3.03 (s, 3H), 1.78 (s, 9H); 

13C-NMR (151 MHz, CDCl3) δ 153.8, 147.6, 143.6, 141.0, 128.5, 128.2, 127.0 (q, J = 3.8 Hz), 124.4 

(q, J = 270.8 Hz), 121.2 (q, J = 32.8 Hz), 113.0, 62.3, 53.0, 44.3, 30.2; 19F-NMR (564 MHz, CDCl3) 

δ -61.5; HRMS (ESI) calculated for C20H22F3N5NaO2S [M+Na]+: 476.1344, found: 476.1338; 

Enantiomeric ratio: 99:1, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.07 min (major), tR = 7.83 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(phenyl)methyl)-4-(trifluoromethyl)aniline (67): yield: 

23.6 mg (63%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); slight yellow oil; [α]D
25 = -77.2 (c 0.24, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.2-7.32 (m, 7H), 6.67 (d, J = 8.4 Hz, 

2H), 6.16 (d, J = 8.8 Hz, 1H), 5.22 (d, J = 8.7 Hz, 1H), 1.71 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 154.7, 148.2, 137.4, 129.3, 129.0, 127.7, 126.8 (q, J = 3.8 Hz), 124.6 (q, J = 

270.9 Hz), 120.7 (q, J = 32.7 Hz), 113.1, 61.9, 54.0, 30.1; 19F-NMR (564 MHz, CDCl3) δ -61.4; 

HRMS (ESI) calculated for C19H20F3N5Na [M+Na]+: 398.1568, found: 398.1568; Enantiomeric 

ratio: 91:9, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 4.87 min (major), tR = 6.13 min (minor). 

(R)-N-((2-bromophenyl)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)-4-(trifluoromethyl)aniline (68): 

yield: 34.0 mg (75%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -49.1 (c 0.34, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.64 (d, J = 7.8 Hz, 1H), 7.41 (d, J = 8.4 

Hz, 2H), 7.38 – 7.31 (m, 2H), 7.26-7.22 (m, 1H), 6.67 (d, J = 8.4 Hz, 2H), 6.48 

(d, J = 9.2 Hz, 1H), 5.18 (d, J = 9.2 Hz, 1H), 1.74 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.6, 

148.0, 136.4, 133.4, 130.4, 129.2, 128.3, 126.9 (q, J = 3.6 Hz), 124.5 (q, J = 270.9 Hz), 123.7, 121.1 

(q, J = 32.6 Hz), 113.2, 62.5, 53.2, 29.9; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) 

calculated for C19H20
79BrF3N5 [M+H]+: 454.0854, found: 454.0859; HRMS (ESI) calculated for 

C19H20
81BrF3N5 [M+H]+: 456.0834, found: 456.0840; Enantiomeric ratio: 93:7, determined by 

HPLC (Daicel Chirapak IE, isopropanol / hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 8.24 min (major), tR = 8.75 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(2-chlorophenyl)methyl)-4-(trifluoromethyl)aniline (69): 

yield: 25.3 mg (62%); (Flash column chromatography eluent, petroleum ether/ethyl 
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acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -76.3 (c 0.25, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.47 – 7.43 (m, 1H), 7.43 – 7.36 (m, 3H), 7.35 – 

7.28 (m, 2H), 6.67 (d, J = 8.4 Hz, 2H), 6.53 (d, J = 9.1 Hz, 1H), 5.13 (d, J = 9.1 

Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.7, 147.9, 134.9, 133.1, 

130.2, 130.0, 128.9, 127.7, 126.9 (q, J = 3.8 Hz), 122.7 (q, J = 272.2 Hz), 121.1 (q, J = 32.8 Hz), 

113.1, 62.4, 50.6, 29.9; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for 

C19H20
35ClF3N5 [M+H]+: 410.1359, found: 410.1366; HRMS (ESI) calculated for C19H20

37ClF3N5 

[M+H]+: 412.1324, found: 412.1284; Enantiomeric ratio: 94:6, determined by HPLC (Daicel 

Chirapak IA, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.00 

min (major), tR = 5.36 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(2-(trifluoromethyl)phenyl)methyl)-4-(trifluoromethyl)-

aniline (70): yield: 34.5 mg (78%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; [α]D
25 

= -38.5 (c 0.34, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.75 (d, J = 7.9 Hz, 2H), 

7.61 (t, J = 7.6 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.39 (d, J = 8.5 Hz, 2H), 6.64 (d, 

J = 8.5 Hz, 2H), 6.58 (d, J = 8.9 Hz, 1H), 5.22 (d, J = 8.8 Hz, 1H), 1.77 (s, 9H); 13C-NMR (151 MHz, 

CDCl3) δ 153.7, 147.3, 135.6, 132.8, 129.0, 128.8, 127.8 (q, J = 30.7 Hz), 127.0 (q, J = 3.6 Hz), 126.6 

(q, J = 5.8 Hz), 124.4 (q, J = 266.1 Hz), 123.5 (q, J = 272.4 Hz), 121.2 (q, J = 31.0 Hz), 112.9, 63.0, 

49.3, 29.8; 19F-NMR (564 MHz, CDCl3) δ -61.5, -59.3; HRMS (ESI) calculated for C20H19F6N5Na 

[M+Na]+: 466.1442, found: 466.1446; Enantiomeric ratio: 95:5, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.34 

min (major), tR = 3.89 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(2-fluorophenyl)methyl)-4-(trifluoromethyl)aniline (71): 

yield: 30.2 mg (77%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 5/1/1); white foam; [α]D
25 = -54.6 (c 0.30, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.53 – 7.47 (m, 1H), 7.41 (d, J = 8.5 Hz, 

2H), 7.36 – 7.31 (m, 1H), 7.19 – 7.15 (m, 1H), 7.13 – 7.07 (m, 1H), 6.70 (d, J = 

8.5 Hz, 2H), 6.52 – 6.47 (m, 1H), 5.20 (d, J = 8.9 Hz, 1H), 1.74 (s, 9H); 13C-NMR (151 MHz, CDCl3) 

δ 160.7, 159.0, 154.0, 147.7, 130.6 (d, J = 8.5 Hz), 128.8 (d, J = 2.9 Hz), 126.9 (q, J = 3.6 Hz), 125.2 

(d, J = 3.4 Hz), 123.9 (q, J = 273.4 Hz), 121.0 (q, J = 31.6 Hz), 115.7 (d, J = 21.8 Hz), 112.9, 62.1, 

46.5, 29.9; 19F-NMR (564 MHz, CDCl3) δ -118.2, -61.5; HRMS (ESI) calculated for C19H20F4N5 

[M+H]+: 394.1649, found: 394.1655; Enantiomeric ratio: 92.5:7.5, determined by HPLC (Daicel 

Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.60 

min (major), tR = 5.23 min (minor). 
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(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(3-chlorophenyl)methyl)-4-(trifluoromethyl)aniline (72): 

yield: 33.1 mg (81%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -29.7 (c 

0.33, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.45 – 7.36 (m, 3H), 7.35 – 7.28 

(m, 2H), 7.26 – 7.22 (m, 1H), 6.66 (d, J = 8.5 Hz, 2H), 6.13 (d, J = 8.7 Hz, 

1H), 5.28 (d, J = 8.6 Hz, 1H), 1.74 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 154.2, 147.9, 139.5, 135.3, 

130.5, 129.2, 127.8, 126.9 (q, J = 3.7 Hz), 126.3 (q, J = 270.2 Hz), 125.7, 121.1 (q, J = 33.0 Hz), 

113.1, 62.0, 53.3, 30.2; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for 

C19H20
35ClF3N5 [M+H]+: 410.1354, found: 410.1351; HRMS (ESI) calculated for C19H20

37ClF3N5 

[M+H]+: 412.1324, found: 412.1320; Enantiomeric ratio: 94:6, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.52 

min (major), tR = 5.28 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(3-(trifluoromethyl)phenyl)methyl)-4-(trifluoromethyl)-

aniline (73): yield: 32.3 mg (73%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; 

[α]D
25 = -54.6 (c 0.32, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.66 – 7.57 

(m, 3H), 7.54 – 7.50 (m, 1H), 7.44 – 7.39 (m, 2H), 6.66 (d, J = 8.5 Hz, 2H), 

6.22 (d, J = 8.7 Hz, 1H), 5.32 (d, J = 8.6 Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 154.1, 

147.8, 138.6, 131.7 (q, J = 32.5 Hz), 130.8, 129.8, 126.9 (q, J = 3.7 Hz), 125.8 (q, J = 3.5 Hz), 124.4 

(q, J = 3.8 Hz), 123.5 (q, J = 271.6 Hz), 121.2 (q, J = 32.1 Hz), 113.1, 62.1, 53.4, 30.2; 19F-NMR 

(564 MHz, CDCl3) δ -62.7, -61.5; HRMS (ESI) calculated for C20H20F6N5 [M+H]+: 444.1617, found: 

444.1614; Enantiomeric ratio: 91:9, determined by HPLC (Daicel Chirapak IF, isopropanol / 

hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 3.90 min (major), tR = 4.20 min 

(minor). 

(R)-N-((4-bromo-2-fluorophenyl)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)-4-(trifluoromethyl)-

aniline (74): yield: 36.2 mg (77%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; 

[α]D
25 = -32.1 (c 0.36, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.49 – 7.44 (m, 

1H), 7.44 – 7.40 (m, 2H), 7.34 – 7.27 (m, 2H), 6.66 (d, J = 8.4 Hz, 2H), 6.40 

(d, J = 8.7 Hz, 1H), 5.28 (d, J = 8.6 Hz, 1H), 1.76 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 160.5, 

158.8, 153.5, 147.4, 130.0 (d, J = 3.8 Hz), 128.6 (d, J = 3.4 Hz), 127.0 (q, J = 3.7 Hz), 124.5 (q, J = 

270.9 Hz), 124.0 (d, J = 13.8 Hz), 123.3 (d, J = 9.7 Hz), 121.3 (q, J = 32.9 Hz), 119.3 (d, J = 24.9 

Hz), 112.8, 62.2, 46.3 (d, J = 3.1 Hz), 29.9; 19F-NMR (564 MHz, CDCl3) δ -115.6, -61.5; HRMS 

(ESI) calculated for C19H19
79BrF4N5 [M+H]+: 472.0754, found: 472.0753; HRMS (ESI) calculated 
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for C19H19
81BrF4N5 [M+H]+: 474.0734, found: 474.0742; Enantiomeric ratio: 95:5, determined by 

HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 4.87 min (major), tR = 4.35 min (minor). 

(S)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(furan-2-yl)methyl)-4-(trifluoromethyl)aniline (75): yield: 

30.4 mg (83%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 5/1/1); colorless oil; [α]D
25 = -26.2 (c 0.30, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.44 (d, J = 8.4 Hz, 2H), 7.40 – 7.36 (m, 1H), 6.76 

(d, J = 8.4 Hz, 2H), 6.38 – 6.31 (m, 1H), 6.30 – 6.22 (m, 2H), 5.36 (d, J = 9.0 Hz, 

1H), 1.74 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.0, 150.4, 148.0, 143.0, 126.8 (q, J = 3.7 Hz), 

124.5 (q, J = 270.2 Hz), 121.1 (q, J = 32.2 Hz), 113.2, 111.0, 109.1, 62.1, 48.2, 29.9; 19F-NMR (564 

MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for C17H19F3N5O [M+H]+: 366.1536, found: 366.1539; 

Enantiomeric ratio: 92.5:7.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 

30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.42 min (major), tR = 6.75 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(naphthalen-2-yl)methyl)-4-(trifluoromethyl)aniline 

(76): yield: 26.3 mg (62%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; [α]D
25 = -49.6 

(c 0.26, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.87 (d, J = 8.5 Hz, 1H), 7.84 

– 7.81 (m, 1H), 7.79 – 7.76 (m, 1H), 7.73 – 7.70 (m, 1H), 7.54 – 7.48 (m, 3H), 

7.40 – 7.36 (m, 2H), 6.71 – 6.68 (m, 2H), 6.32 (d, J = 8.7 Hz, 1H), 5.34 (d, J = 8.7 Hz, 1H), 1.73 (s, 

9H); 13C-NMR (151 MHz, CDCl3) δ 154.6, 148.3, 134.7, 133.2, 133.1, 129.5, 128.1, 127.7, 126.9, 

126.8 (q, J = 3.7 Hz), 125.0 (q, J = 271.1 Hz), 124.97, 120.8 (q, J = 32.6 Hz), 113.1, 62.0, 54.1, 30.1; 

19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for C23H23F3N5 [M+H]+: 426.1900, 

found: 426.1907; Enantiomeric ratio: 88.5:11.5, determined by HPLC (Daicel Chirapak IF, 

isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.77 min (major), 

tR = 9.40 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(pyridin-2-yl)methyl)-4-(trifluoromethyl)aniline (77): 

yield: 25.1 mg (67%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 3/1/1); slight yellow oil; [α]D
25 = -65.5 (c 

0.25, MeOH); 1H-NMR (600 MHz, CDCl3) δ 8.57 – 8.52 (m, 1H), 7.72 – 7.65 

(m, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.26 – 7.22 (m, 1H), 

6.77 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 6.8 Hz, 1H), 5.89 (d, J = 6.6 Hz, 1H), 1.73 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 157.0, 154.4, 148.8, 148.2, 137.6, 126.8 (q, J = 3.7 Hz), 124.6 (q, J = 270.6 Hz), 

123.4, 121.8, 120.5 (q, J = 32.6 Hz), 113.0, 62.4, 55.3, 30.0; 19F-NMR (564 MHz, CDCl3) δ -61.4; 
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HRMS (ESI) calculated for C18H20F3N6 [M+H]+: 377.1702, found: 377.1710; Enantiomeric ratio: 

72.5:27.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 6.48 min (major), tR = 5.42 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-(trifluoromethyl)phenyl)amino)methyl)phenol (78): 

yield: 29.7 mg (76%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 3/1/1); white foam; [α]D
25 = -72.6 (c 

0.30, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.38 (d, J = 8.5 Hz, 2H), 7.17 

– 7.12 (m, 2H), 6.80 – 6.76 (m, 2H), 6.64 (d, J = 8.5 Hz, 2H), 6.10 (d, J = 

8.6 Hz, 1H), 6.01 – 5.96 (m, 1H), 5.17 (d, J = 8.5 Hz, 1H), 1.70 (s, 9H); 

13C-NMR (151 MHz, CDCl3) δ 156.3, 155.1, 148.2, 129.1, 126.7 (q, J = 3.8 Hz), 124.6 (q, J = 270.8 

Hz), 120.7 (q, J = 32.3 Hz), 116.2, 113.0, 62.0, 53.4, 30.0; 19F-NMR (564 MHz, CDCl3) δ -61.4; 

HRMS (ESI) calculated for C19H20F3N5NaO [M+Na]+: 414.1518, found: 414.1519; Enantiomeric 

ratio: 78.5:21.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 

1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.07 min (major), tR = 7.09 min (minor). 

(R)-N-((1-(tert-butyl)-1H-tetrazol-5-yl)(cyclohexyl)methyl)-4-(trifluoromethyl)aniline (79): 

yield: 22.1 mg (58%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -48.9 (c 0.22, 

MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.40 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.4 

Hz, 2H), 4.94 – 4.88 (m, 1H), 4.56 (d, J = 10.0 Hz, 1H), 2.16 – 2.09 (m, 1H), 2.04 

– 2.00 (m, 1H), 1.81 – 1.77 (m, 1H), 1.73 (s, 9H), 1.44 – 1.39 (m, 1H), 1.34 – 1.07 (m, 7H); 13C-

NMR (151 MHz, CDCl3) δ 155.3, 149.4, 126.8 (q, J = 3.7 Hz), 124.6 (q, J = 270.5 Hz), 119.8 (q, J 

= 33.1 Hz), 112.5, 61.5, 54.4, 44.8, 30.7, 30.5, 29.2, 26.1, 26.0, 25.9; 19F-NMR (564 MHz, CDCl3) 

δ -61.3; HRMS (ESI) calculated for C19H27F3N5 [M+H]+: 382.2219, found: 382.2223; Enantiomeric 

ratio: 85.5:14.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, flow rate 

1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.63 min (major), tR = 8.26 min (minor). 

(R)-N-(1-(1-(tert-butyl)-1H-tetrazol-5-yl)butyl)-4-(trifluoromethyl)aniline (80): yield: 21.2 mg 

(62%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); colorless oil; [α]D
25 = -42.8 (c 0.21, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.43 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz, 

2H), 5.11 – 5.03 (m, 1H), 4.64 (d, J = 9.9 Hz, 1H), 2.17 – 2.08 (m, 1H), 2.07 – 

1.98 (m, 1H), 1.76 (s, 9H), 1.51 – 1.43 (m, 1H), 1.40 – 1.32 (m, 1H), 0.96 (t, J = 7.3 Hz, 3H); 13C-

NMR (151 MHz, CDCl3) δ 155.5, 148.7, 126.9 (q, J = 3.8 Hz), 124.6 (q, J = 270.7 Hz), 120.4 (q, J 

= 32.9 Hz), 112.7, 61.5, 49.4, 37.2, 30.2, 19.3, 13.7; 19F-NMR (564 MHz, CDCl3) δ -61.4; HRMS 
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(ESI) calculated for C16H23F3N5 [M+H]+: 342.1906, found: 342.1902; Enantiomeric ratio: 87.5:12.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 5.03 min (major), tR = 4.52 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)(p-tolylamino)methyl)benzonitrile (81): yield: 24.9 mg 

(72%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -65.5 (c 0.25, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.65 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 

2H), 6.98 (d, J = 7.8 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 6.14 (s, 1H), 4.63 (s, 

1H), 2.22 (s, 3H), 1.75 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 154.3, 143.5, 142.6, 132.7, 130.1, 

129.4, 128.4, 118.2, 114.6, 112.6, 61.9, 54.3, 30.2, 20.4; HRMS (ESI) calculated for C20H23N6 

[M+H]+: 347.1984, found: 347.1987; Enantiomeric ratio: 95.5:4.5, determined by HPLC (Daicel 

Chirapak IB, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.20 

min (major), tR = 6.31 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-fluorophenyl)amino)methyl)benzonitrile (82): yield: 

24.9 mg (71%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 4/1/1); white foam; [α]D
25 = -78.1 (c 0.25, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 

2H), 6.92 – 6.83 (m, 2H), 6.65 – 6.57 (m, 2H), 6.08 (d, J = 9.4 Hz, 1H), 4.72 (d, 

J = 9.4 Hz, 1H), 1.73 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 157.9, 156.3, 154.1, 143.1, 141.3, 132.8, 

128.4, 118.0, 116.2 (d, J = 22.7 Hz), 116.0 (d, J = 7.7 Hz), 112.8, 62.0, 55.1, 30.2; 19F-NMR (564 

MHz, CDCl3) δ -124.2; HRMS (ESI) calculated for C19H20FN6 [M+H]+: 351.1728, found: 351.1733; 

Enantiomeric ratio: 98:2, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 12.70 min (major), tR = 9.29 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-chlorophenyl)amino)methyl)benzonitrile (83): yield: 

22.7 mg (62%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 4/1/1); white foam; [α]D
25 = -77.7 (c 0.23, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.66 (d, J = 7.8 Hz, 2H), 7.51 (d, J = 7.8 Hz, 

2H), 7.12 (d, J = 8.2 Hz, 2H), 6.57 (d, J = 8.2 Hz, 2H), 6.11 (d, J = 9.1 Hz, 1H), 

4.94 (d, J = 9.0 Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 154.0, 143.6, 142.9, 132.8, 

129.5, 128.3, 124.7, 118.0, 115.3, 112.8, 62.1, 54.0, 30.2; HRMS (ESI) calculated for C19H20
35ClN6 

[M+H]+: 367.1438, found: 367.1435; HRMS (ESI) calculated for C19H20
37ClN6 [M+H]+: 369.1408, 

found: 369.1451; Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IA, isopropanol 
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/ hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 14.23 min (major), tR = 9.47 

min (minor). 

(R)-4-(((4-bromophenyl)amino)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)benzonitrile (84): yield: 

29.6 mg (72%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -47.4 (c 0.29, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.66 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 8.2 Hz, 

2H), 7.26 (d, J = 9.7 Hz, 2H), 6.53 (d, J = 8.7 Hz, 2H), 6.11 (d, J = 9.1 Hz, 1H), 

4.98 (d, J = 9.1 Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.9, 144.0, 142.9, 132.8, 

132.4, 128.3, 118.0, 115.7, 112.8, 111.7, 62.1, 53.9, 30.2; HRMS (ESI) calculated for C19H20
79BrN6 

[M+H]+: 411.0927, found: 411.0934; HRMS (ESI) calculated for C19H20
81BrN6 [M+H]+: 413.0907, 

found: 413.0912; Enantiomeric ratio: 97:3, determined by HPLC (Daicel Chirapak IA, isopropanol 

/ hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 9.42 min (major), tR = 14.50 

min (minor). 

Methyl (R)-4-(((1-(tert-butyl)-1H-tetrazol-5-yl)(4-cyanophenyl)methyl)amino)benzoate (85): 

yield: 29.3 mg (75%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 3/1/1); colorless oil; [α]D
25 = -133.1 

(c 0.29, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.86 (d, J = 8.7 Hz, 2H), 

7.67 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 6.62 (d, J = 8.7 Hz, 2H), 

6.24 (d, J = 8.5 Hz, 1H), 5.43 (d, J = 8.5 Hz, 1H), 3.84 (s, 3H), 1.77 (s, 9H); 13C-NMR (151 MHz, 

CDCl3) δ 166.7, 153.7, 148.7, 142.6, 132.9, 131.7, 128.3, 121.1, 117.9, 113.0, 112.6, 62.2, 53.0, 51.7, 

30.2; HRMS (ESI) calculated for C21H23N6O2 [M+H]+: 391.1877, found: 391.1882; Enantiomeric 

ratio: 95.5:4.5, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 20/80, flow rate 

1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.69 min (major), tR = 8.43 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-cyanophenyl)amino)methyl)benzonitrile (86): yield: 

23.3 mg (65%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 2/1/1); white foam; [α]D
25 = -89.8 (c 0.23, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.69 (d, J = 7.9 Hz, 2H), 7.52 (d, J = 7.9 Hz, 

2H), 7.45 (d, J = 8.3 Hz, 2H), 6.64 (d, J = 8.3 Hz, 2H), 6.19 (d, J = 8.3 Hz, 

1H), 5.59 (d, J = 8.1 Hz, 1H), 1.76 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.4, 148.2, 142.1, 134.0, 

133.0, 128.3, 119.3, 117.8, 113.3, 102.0, 62.3, 52.9, 30.2; HRMS (ESI) calculated for C20H20N7 

[M+H]+: 358.1780, found: 358.1788; Enantiomeric ratio: 97:3, determined by HPLC (Daicel 

Chirapak IA, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.65 

min (major), tR = 5.03 min (minor). 



S-58 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-fluoro-3-(trifluoromethyl)phenyl)amino)methyl)-

bezonitrile (87): yield: 30.1 mg (72%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -78.3 (c 0.30, MeOH); 

1H-NMR (600 MHz, CDCl3) δ 7.68 (d, J = 7.8 Hz, 2H), 7.50 (d, J = 7.9 Hz, 

2H), 7.01 (t, J = 9.2 Hz, 1H), 6.85 – 6.80 (m, 1H), 6.80 – 6.75 (m, 1H), 6.10 

(d, J = 8.4 Hz, 1H), 5.11 (d, J = 8.8 Hz, 1H), 1.73 (s, 9H); 13C-NMR (151 

MHz, CDCl3) δ 153.8, 142.5, 141.5 (d, J = 2.3 Hz), 133.1, 128.6, 122.5 (q, J = 272.3 Hz), 119.2 (d, 

J = 7.4 Hz), 118.9 (q, J = 13.6 Hz), 118.2 (d, J = 22.0 Hz), 118.0, 113.3, 111.9 (q, J = 4.5 Hz), 62.3, 

54.7, 30.3; 19F-NMR (564 MHz, CDCl3) δ -126.8, -61.7; HRMS (ESI) calculated for C20H19F4N6 

[M+H]+: 419.1607, found: 419.1601; Enantiomeric ratio: 95:5, determined by HPLC (Daicel 

Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.16 

min (major), tR = 4.67 min (minor). 

(R)-4-(((3-bromo-4-(trifluoromethyl)phenyl)amino)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)-

benzonitrile (88): yield: 32.6 mg (68%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; 

[α]D
25 = -47.9 (c 0.33, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.70 (d, J = 

8.2 Hz, 2H), 7.51 (d, J = 8.2 Hz, 2H), 7.45 (d, J = 8.6 Hz, 1H), 6.95 – 6.89 (m, 

1H), 6.59 – 6.54 (m, 1H), 6.16 (d, J = 8.6 Hz, 1H), 5.32 (d, J = 8.5 Hz, 1H), 1.76 (s, 9H); 13C-NMR 

(151 MHz, CDCl3) δ 153.6, 148.3, 142.1, 133.2, 129.3 (q, J = 4.5 Hz), 128.5, 123.3 (q, J = 271.8 Hz), 

119.1, 117.9, 113.5, 111.4, 62.4, 53.3, 30.4; 19F-NMR (564 MHz, CDCl3) δ -61.2; HRMS (ESI) 

calculated for C20H19
79BrF3N6 [M+H]+: 479.0807, found: 479.0800; HRMS (ESI) calculated for 

C20H19
81BrF3N6 [M+H]+: 481.0786, found: 481.0780; Enantiomeric ratio: 97.5:2.5, determined by 

HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/80, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 

nm): tR = 6.72 min (major), tR = 5.70 min (minor). 

(R)-4-((1-(tert-butyl)-1H-tetrazol-5-yl)((3-(trifluoromethyl)phenyl)amino)methyl)benzonitrile 

(89): yield: 26.1 mg (65%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; [α]D
25 = -43.2 

(c 0.26, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.3 Hz, 2H), 7.52 

(d, J = 8.3 Hz, 2H), 7.29 – 7.25 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.84 (s, 1H), 

6.81 – 6.77 (m, 1H), 6.19 (d, J = 9.1 Hz, 1H), 5.20 (d, J = 9.0 Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 

MHz, CDCl3) δ 153.8, 145.3, 142.6, 132.9, 131.9 (q, J = 31.9 Hz), 130.1, 128.4, 123.9 (q, J = 272.4 

Hz), 117.9, 117.2, 116.3 (q, J = 3.7 Hz), 113.0, 110.1 (q, J = 3.6 Hz), 62.1, 53.8, 30.2; 19F-NMR (564 

MHz, CDCl3) δ -63.0; HRMS (ESI) calculated for C20H20F3N6 [M+H]+: 401.1696, found: 401.1703; 
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Enantiomeric ratio: 91:9, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 5.26 min (major), tR = 8.48 min (minor). 

(R)-4-(((3,5-bis(trifluoromethyl)phenyl)amino)(1-(tert-butyl)-1H-tetrazol-5-yl)methyl)benzo-

nitrile (90): yield: 34.2 mg (73%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 6/1/1); slight yellow oil; 

[α]D
25 = -75.5 (c 0.34, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.70 (d, J = 

8.3 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 7.26 – 7.25 (m, 1H), 6.99 (s, 2H), 6.19 

(d, J = 8.7 Hz, 1H), 5.65 (d, J = 8.7 Hz, 1H), 1.75 (s, 9H); 13C-NMR (151 

MHz, CDCl3) δ 153.4, 146.0, 141.7, 133.1, 132.9 (q, J = 33.3 Hz), 128.5, 123.1 (q, J = 272.7 Hz), 

117.7, 113.4, 113.0, 112.7 (q, J = 3.7 Hz), 62.3, 53.7, 30.2; 19F-NMR (564 MHz, CDCl3) δ -63.3; 

HRMS (ESI) calculated for C21H19F6N6 [M+H]+: 469.1575, found: 469.1570; Enantiomeric ratio: 

94:6, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, 

T = 30 ºC, λ = 254 nm): tR = 5.61 min (major), tR = 4.98 min (minor). 

(R)-4-((1-cyclohexyl-1H-tetrazol-5-yl)((4-(trifluoromethyl)phenyl)amino)methyl)benzonitrile 

(91): yield: 27.3 mg (64%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -49.3 (c 

0.27, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 2H), 7.57 

(d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 6.69 (d, J = 8.3 Hz, 2H), 5.94 (d, 

J = 6.8 Hz, 1H), 5.63 (d, J = 6.7 Hz, 1H), 4.27 – 4.18 (m, 1H), 2.07 – 2.01 (m, 

1H), 1.98 – 1.92 (m, 2H), 1.90 – 1.84 (m, 2H), 1.78 – 1.73 (m, 1H), 1.32 – 1.22 (m, 4H); 13C-NMR 

(151 MHz, CDCl3) δ 153.2, 147.6, 142.4, 133.2, 128.2, 127.0 (q, J = 3.8 Hz), 124.5 (q, J = 270.9 Hz), 

121.4 (q, J = 32.9 Hz), 117.9, 113.2, 58.9, 52.7, 33.0, 25.4, 24.7; 19F-NMR (564 MHz, CDCl3) δ -

61.5; HRMS (ESI) calculated for C22H22F3N6 [M+H]+: 427.1853, found: 427.1857; Enantiomeric 

ratio: 87.5:12.5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 

1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.65 min (major), tR = 7.85 min (minor). 

(R)-N-((4-bromophenyl)(1-isopropyl-1H-tetrazol-5-yl)methyl)-4-(trifluoromethyl)aniline (92): 

yield: 37.9 mg (86%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -81.2 (c 

0.38, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.52 (d, J = 8.4 Hz, 2H), 7.40 

(d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.5 Hz, 2H), 5.85 

(d, J = 6.6 Hz, 1H), 5.51 (d, J = 6.5 Hz, 1H), 4.68 – 4.62 (m, 1H), 1.60 (d, J 

= 6.7 Hz, 3H), 1.32 (d, J = 6.6 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 

153.4, 147.8, 136.0, 132.6, 128.9, 126.8 (q, J = 3.7 Hz), 124.5 (q, J = 270.8 Hz), 123.3, 121.0 (q, J = 
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32.8 Hz), 113.1, 52.6, 51.4, 22.6, 22.3; 19F-NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated 

for C18H17
79BrF3N5Na [M+Na]+: 462.0517, found: 462.0520; HRMS (ESI) calculated for 

C18H17
81BrF3N5Na [M+Na]+: 464.0497, found: 464.0500; Enantiomeric ratio: 86.5:13.5, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 4.67 min (major), tR = 4.83 min (minor). 

(R)-N-((4-bromophenyl)(1-cyclopentyl-1H-tetrazol-5-yl)methyl)-4-(trifluoromethyl)aniline 

(93): yield: 33.6 mg (72%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate/dichloromethane = 5/1/1); white foam; [α]D
25 

= -69.7 (c 0.34, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.51 (d, J = 8.4 

Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.5 

Hz, 2H), 5.87 (d, J = 6.7 Hz, 1H), 5.52 (d, J = 6.6 Hz, 1H), 4.79 – 4.72 (m, 

1H), 2.19 – 2.10 (m, 2H), 2.05 – 1.91 (m, 2H), 1.85 – 1.65 (m, 4H). 13C-

NMR (151 MHz, CDCl3) δ 153.9, 147.8, 136.0, 132.6, 129.0, 126.8 (q, J = 3.8 Hz), 124.5 (q, J = 

270.8 Hz), 123.3, 120.9 (q, J = 32.9 Hz), 113.0, 59.6, 52.6, 33.3, 33.3, 24.6, 24.5; 19F-NMR (564 

MHz, CDCl3) δ -61.44; HRMS (ESI) calculated for C20H19
79BrF3N5Na [M+Na]+: 488.0674, found: 

488.0677; HRMS (ESI) calculated for C20H19
81BrF3N5Na [M+Na]+: 490.0653, found: 490.0661; 

Enantiomeric ratio: 90:10, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 30/70, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4,81 min (major), tR = 5.22 min (minor). 

(R)-4-((1-benzyl-1H-tetrazol-5-yl)((4-(trifluoromethyl)phenyl)amino)methyl)benzonitrile (94): 

yield: 27.4 mg (63%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 3/1/1); white foam; [α]D
25 = -48.3 (c 

0.27, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.57 (d, J = 8.2 Hz, 2H), 7.44 

– 7.28 (m, 7H), 7.07 (d, J = 7.4 Hz, 2H), 6.41 (d, J = 8.4 Hz, 2H), 5.76 (d, 

J = 7.6 Hz, 1H), 5.59 (d, J = 15.5 Hz, 1H), 5.49 (d, J = 15.6 Hz, 1H), 5.12 

(d, J = 7.6 Hz, 1H); 13C-NMR (151 MHz, CDCl3) δ 154.1, 147.3, 141.2, 

132.9, 132.5, 129.5 (d, J = 12.3 Hz), 128.0, 127.3, 126.8 (q, J = 3.7 Hz), 124.4 (q, J = 270.7 Hz), 

121.5 (q, J = 32.8 Hz), 117.8, 113.2, 113.0, 52.2, 51.6; 19F-NMR (564 MHz, CDCl3) δ -61.6; HRMS 

(ESI) calculated for C23H17F3N6Na [M+Na]+: 457,1364, found: 457.1366; Enantiomeric ratio: 71:29, 

determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 30/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 10.85 min (major), tR = 12,54 min (minor). 

(R)-4-((1-butyl-1H-tetrazol-5-yl)((4-(trifluoromethyl)phenyl)amino)methyl)benzonitrile (95): 

yield: 23.6 mg (59%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate/dichloromethane = 6/1/1); white foam; [α]D
25 = -37.1 (c 0.24, MeOH); 1H-NMR (600 MHz, 
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CDCl3) δ 7.69 (d, J = 8.3 Hz, 2H), 7.56 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.5 

Hz, 2H), 6.67 (d, J = 8.5 Hz, 2H), 5.92 (d, J = 7.0 Hz, 1H), 5.52 (d, J = 6.9 

Hz, 1H), 4.31 – 4.25 (m, 2H), 1.85 – 1.68 (m, 2H), 1.34 – 1.27 (m, 2H), 0.90 

(t, J = 7.4 Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 153.8, 147.4, 141.9, 

133.1, 128.1, 126.9 (q, J = 3.7 Hz), 124.4 (q, J = 270.8 Hz), 121.5 (q, J = 

32.9 Hz), 113.3, 113.1, 52.4, 47.7, 31.3, 19.6, 13.3.; 19F-NMR (564 MHz, 

CDCl3) δ -61.6; HRMS (ESI) calculated for C20H19F3N6Na [M+Na]+: 423.1521, found: 423,1517; 

Enantiomeric ratio: 84:16, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 10/90, 

flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 17,31 min (major), tR = 15,66 min (minor). 

Methyl (R)-2-(5-((4-bromophenyl)((4-(trifluoromethyl)phenyl)amino)methyl)-1H-tetrazol-1-

yl)acetate (96): yield: 23.1 mg (49%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 2/1/1); white foam; 

[α]D
25 = -59.8 (c 0.23, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.53 (d, J = 

8.4 Hz, 2H), 7.41 (d, J = 8.6 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 

8.5 Hz, 2H), 5.96 (d, J = 6.2 Hz, 1H), 5.31 (d, J = 6.1 Hz, 1H), 5.09 (d, J = 

17.6 Hz, 1H), 4.92 (d, J = 17.6 Hz, 1H), 3.71 (s, 3H); 13C-NMR (151 MHz, 

CDCl3) δ 170.1, 165.7, 155.0, 147.8, 134.9, 132.7, 128.9 (s), 126.8 (q, J = 3.8 Hz), 124.5 (q, J = 271.0 

Hz), 123.6, 121.4 (q, J = 32.9 Hz), 113.2 (d, J = 8.6 Hz), 53.4, 52.8, 48.4; 19F-NMR (564 MHz, 

CDCl3) δ -61.5; HRMS (ESI) calculated for C18H15
79BrF3N5NaO2 [M+Na]+: 492.0259, found: 

492.0252; HRMS (ESI) calculated for C18H15
81BrF3N5NaO2 [M+Na]+: 494.0238, found: 494.0236; 

Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 

30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.75 min (major), tR = 7.26 min (minor). 

Ethyl (R)-2-(5-((4-bromophenyl)((4-(trifluoromethyl)phenyl)amino)methyl)-1H-tetrazol-1-

yl)acetate (97): yield: 22.3 mg (46%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 3/1/1); white foam; 

[α]D
25 = -67.3 (c 0.22, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.53 (d, J = 

8.4 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 

8.5 Hz, 2H), 5.97 (d, J = 6.3 Hz, 1H), 5.35 (d, J = 6.3 Hz, 1H), 5.06 (d, J = 

17.6 Hz, 1H), 4.90 (d, J = 17.6 Hz, 1H), 4.22 – 4.13 (m, 1H), 1.24 (t, J = 7.1 

Hz, 3H); 13C-NMR (151 MHz, CDCl3) δ 170.0, 165.3, 155.1, 147.9, 134.9, 132.7, 128.9, 126.8 (q, J 

= 3.8 Hz), 124.5 (q, J = 270.8 Hz), 123.5, 121.3 (q, J = 32.8 Hz), 113.2, 63.2, 52.7, 48.6, 13.9; 19F-

NMR (564 MHz, CDCl3) δ -61.5; HRMS (ESI) calculated for C19H17
79BrF3N5NaO2 [M+Na]+: 

506.0415, found: 506.0411; HRMS (ESI) calculated for C19H17
81BrF3N5NaO2 [M+Na]+: 508.0395, 

found: 508.0391; Enantiomeric ratio: 97:3, determined by HPLC (Daicel Chirapak IF, isopropanol 
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/ hexanel = 10/90, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 9.23 min (major), tR = 8.71 

min (minor). 

(R)-N-((4-bromophenyl)(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)methyl)-4(trifluoro-

methyl)aniline (98): yield: 40.3 mg (79%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate/dichloromethane = 6/1/1); white foam; 

[α]D
25 = -113.6 (c 0.40, MeOH); 1H-NMR (600 MHz, CDCl3) δ 7.50 (d, J 

= 8.5 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 6.69 (d, J 

= 8.4 Hz, 2H), 6.14 (d, J = 8.7 Hz, 1H), 5.34 (d, J = 8.8 Hz, 1H), 1.96 (s, 

2H), 1.86 (s, 3H), 1.82 (s, 3H), 0.69 (s, 9H); 13C-NMR (151 MHz, CDCl3) 

δ 154.6 , 147.9, 136.5, 132.3, 129.4, 126.8 (q, J = 3.7 Hz), 124.5 (q, J = 270.7 Hz), 123.0, 121.0 (q, 

J = 32.8 Hz), 113.2, 65.7, 54.0, 53.5, 31.6, 30.7, 30.5, 30.1; 19F-NMR (564 MHz, CDCl3) δ -61.4; 

HRMS (ESI) calculated for C23H27
79BrF3N5Na [M+Na]+: 532,1300, found: 532,1296; HRMS (ESI) 

calculated for C23H27
81BrF3N5Na [M+Na]+: 534,1279, found: 534,1286; Enantiomeric ratio: 91:9, 

determined by HPLC (Daicel Chirapak IF, isopropanol / hexanel = 20/70, flow rate 1.0 mL/min, T = 

30 ºC, λ = 254 nm): tR = 7.09 min (major), tR = 6.59 min (minor). 
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3.4. Asymmetric Ugi-4CRs and Ugi-azide Reactions in Gram-Scale 

 

General Procedure E: Synthesis of chiral α-acylamino amide 6 in gram-scale 

A 50-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (3.75 mmol), 4-trifluroaniline 

3a (2.50 mmol), catalyst Λ-1h (0.125 mmol), 4 Å molecular sieves (1.0 g), and toluene (8.0 mL) at 

room temperature and stirred for 30 min. Then a solution of benzoic acid 5a (12.50 mmol) in toluene 

(1.0 mL) was added in one portion. The mixture was cooled to -40 °C and stirred for another 30 min. 

A solution of tert-butyl isocyanide 4 (7.50 mmol) in toluene (1.0 mL) was added in one portion and 

the resulting solution was stirred vigorously for 96 h. The reaction was then quenched with pre-cooled 

NEt3 (-40 °C, 15.0 mmol). The mixture was purified by flash column chromatography (silica gel, 

petroleum ether/EtOAc = 5:1) to give the enantioenriched α-acylamino amide 6 (1.230 g, 92% yield, 

97:3 e.r.). 

 

General Procedure F: Synthesis of chiral α-aminotetrazole 7 in gram-scale 

A 100-mL oven-dried tube was charged with 4-bromobenzaldehyde 2a (4.50 mmol), 4-trifluroaniline 

3a (3.0 mmol), scalemic catalyst 1h (0.15 mmol), NaN3 (9.0 mmol), 4 Å molecular sieves (3.0 g), 

and toluene (30.0 mL) at room temperature and stirred for 30 min. Then acetic acid 5b (12.0 mmol) 

was added in one portion. The mixture was cooled to -30 °C and stirred for another 30 min. The tert-

butyl isocyanide 4a (9.0 mmol) was added in one portion and the resulting solution was stirred 

vigorously for 72 h. The reaction was then quenched with pre-cooled NEt3 (-30 °C, 15.0 mmol). The 

mixture was purified by flash column chromatography (silica gel, petroleum ether/EtOAc/CH2Cl2 = 

6:1:1) to give the enantioenriched α-aminotetrazole 7 (1.790 g, 79% yield, 94:6 e.r.). 
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3.5. Control experiments 

 

General Procedure G: Synthesis of chiral α-acylamino amide 6 via asymmetric Ugi-4CR of 

aldimine 99a 

A 10-mL oven-dried tube was charged with aldimine 99a (0.10 mmol), catalyst Λ-1h (0.01 mmol), 4 

Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and stirred for 30 min. Then 

benzoic acid 5a (0.50 mmol) was added in one portion. The mixture was cooled to -40 °C and stirred 

for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added in one portion and the 

resulting solution was stirred vigorously for 24 h. The reaction was then quenched with pre-cooled 

NEt3 (-40 °C, 1.0 mmol). The mixture was purified by flash column chromatography (silica gel, 

petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-acylamino amide 6 (82% yield, 

97:3 e.r.). 

 

General Procedure H: Synthesis of chiral α-aminotetrazole 7 via asymmetric Ugi-azide reaction of 

aldimine 99a 

A 10-mL oven-dried tube was charged with aldimine 99a (0.10 mmol), catalyst Λ-1h (0.01 mmol), 

NaN3 (0.30 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and 

stirred for 30 min. Then acetic acid 5b (0.40 mmol) was added in one portion. The mixture was cooled 

to -30 °C and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added in one 

portion and the resulting solution was stirred vigorously for 36 h. The reaction was then quenched 

with pre-cooled NEt3 (-30 °C, 1.0 mmol). The mixture was purified by flash column chromatography 

(silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-aminotetrazole 7 

(81% yield, 94:6 e.r.). 
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General Procedure I: Synthesis of chiral α-acylamino amide 6 via asymmetric Ugi-4CR of excess 

aniline 3a 

A 10-mL oven-dried tube was charged with aldehyde 2a (0.10 mmol), amine 3a (0.20 mmol), catalyst 

Λ-1h (0.01 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and 

stirred for 30 min. Then benzoic acid 5a (0.50 mmol) was added in one portion. The mixture was 

cooled to -40 °C and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added 

in one portion and the resulting solution was stirred vigorously for 24 h. The reaction was then 

quenched with pre-cooled NEt3 (-40 °C, 1.0 mmol). The mixture was purified by flash column 

chromatography (silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-

acylamino amide 6 (38% yield, 91:9 e.r.). 

 

General Procedure J: Synthesis of chiral α-aminotetrazole 7 via asymmetric Ugi-azide reaction of 

excess aniline 3a 

A 10-mL oven-dried tube was charged with aldehyde 2a (0.10 mmol), amine 3a (0.20 mmol), catalyst 

Λ-1h (0.01 mmol), NaN3 (0.30 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room 

temperature and stirred for 30 min. Then acetic acid 5b (0.40 mmol) was added in one portion. The 

mixture was cooled to -30 °C and stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) 

was added in one portion and the resulting solution was stirred vigorously for 36 h. The reaction was 

then quenched with pre-cooled NEt3 (-30 °C, 1.0 mmol). The mixture was purified by flash column 

chromatography (silica gel, petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched α-

aminotetrazole 7 (46% yield, 87:13 e.r.). 

 

General Procedure K: Studies of the acid effect on Ugi-3CR 
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A 10-mL oven-dried tube was charged with aldehyde 2a (0.15 mmol), amine 3a (0.10 mmol), catalyst 

Λ-1h (0.01 mmol), 4 Å molecular sieves (100 mg), and toluene (2.0 mL) at room temperature and 

stirred for 30 min. Then the methylamine hydrochloride (0.50 mmol) was added in one portion. The 

mixture was stirred for another 30 min. The tert-butyl isocyanide 4a (0.30 mmol) was added in one 

portion and the resulting solution was stirred vigorously for 24 h. The reaction was then quenched 

with NEt3 (2.0 mmol). The mixture was purified by flash column chromatography (silica gel, 

petroleum ether/EtOAc/CH2Cl2 = 6:1:1) to give the enantioenriched amino amide 100 (26% yield, 

71:29 e.r.). 

(R)-2-(4-bromophenyl)-N-(tert-butyl)-2-((4-(trifluoromethyl)phenyl)amino)acetamide (100): 

yield: 11.2 mg (26%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate/dichloromethane = 8/1/1); slight yellow oil; [α]D
25 = -40.6 

(c 0.12, MeOH); 1H-NMR (600 MHz, CDCl3) ) δ 7.52 (d, J = 6.8 Hz, 2H), 7.37 

(d, J = 6.8 Hz, 2H), 7.30 (d, J = 6.8 Hz, 2H), 6.57 (d, J = 6.9 Hz, 2H), 5.86 (s, 

1H), 5.23 (s, 1H), 4.64 (s, 1H), 1.30 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 168.76, 148.81, 137.96, 

132.64, 128.81, 126.69 (q, J = 3.2 Hz), 124.79 (q, J = 270.6 Hz), 122.77, 120.52 (q, J = 32.7 Hz), 

113.14, 62.62, 51.88, 28.62; 19F-NMR (564 MHz, CDCl3) δ -61.3; HRMS (ESI) calculated for 

C19H20
79BrF3N2NaO [M+Na]+: 451.0609, found: 451.0612; C19H20

81BrF3N2NaO [M+Na]+: 453.0588, 

found: 453.0592; Enantiomeric ratio: 71:29, determined by HPLC (Daicel Chirapak IF, isopropanol 

/ hexanel = 30/70, flow rate 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 3.76 min (major), tR = 4.47 

min (minor). 
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3.6. NMR spectra 

 
Supplementary Fig. 17. 1H NMR spectrum of 6. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 18.13C NMR spectrum of 6. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 19. 31F NMR spectrum of 6. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 20. HPLC of product 6. 
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Supplementary Fig. 21. 1H NMR spectrum of 7. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 22.13C NMR spectrum of 7. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 23. 31F NMR spectrum of 7. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 24. HPLC of product 7. 
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Supplementary Fig. 25. 1H NMR spectrum of 8. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 26.13C NMR spectrum of 8. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 27. HPLC of product 8. 
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Supplementary Fig. 28. 1H NMR spectrum of 9. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 29.13C NMR spectrum of 9. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 30. HPLC of product 9. 
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Supplementary Fig. 31. 1H NMR spectrum of 10. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 32.13C NMR spectrum of 10. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 33. HPLC of product 10. 



S-77 

 
Supplementary Fig. 34. 1H NMR spectrum of 11. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 35.13C NMR spectrum of 11. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 



S-78 

 
Supplementary Fig. 36. HPLC of product 11. 



S-79 

 
Supplementary Fig. 37. 1H NMR spectrum of 12. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 38.13C NMR spectrum of 12. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 39. HPLC of product 12. 



S-81 

 
Supplementary Fig. 40. 1H NMR spectrum of 13. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 41.13C NMR spectrum of 13. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 



S-82 

 
Supplementary Fig. 42. HPLC of product 13. 



S-83 

 
Supplementary Fig. 43. 1H NMR spectrum of 14. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 44.13C NMR spectrum of 14. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 45. 31F NMR spectrum of 14. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-84 

 
Supplementary Fig. 46. HPLC of product 14. 



S-85 

 
Supplementary Fig. 47. 1H NMR spectrum of 15. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 48.13C NMR spectrum of 15. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 49. 31F NMR spectrum of 15. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-86 

 
Supplementary Fig. 50. HPLC of product 15. 



S-87 

 
Supplementary Fig. 51. 1H NMR spectrum of 16. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 52.13C NMR spectrum of 16. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 53. 31F NMR spectrum of 16. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-88 

 
Supplementary Fig. 54. HPLC of product 16. 



S-89 

 
Supplementary Fig. 55. 1H NMR spectrum of 17. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 56.13C NMR spectrum of 17. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 57. 31F NMR spectrum of 17. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-90 

 
Supplementary Fig. 58. HPLC of product 17. 



S-91 

 
Supplementary Fig. 59. 1H NMR spectrum of 18. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 60.13C NMR spectrum of 18. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 61. 31F NMR spectrum of 18. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 62. HPLC of product 18. 



S-93 

 
Supplementary Fig. 63. 1H NMR spectrum of 19. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 64.13C NMR spectrum of 19. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 65. 31F NMR spectrum of 19. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 66. HPLC of product 19. 



S-95 

  
Supplementary Fig. 67. 1H NMR spectrum of 20. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 68.13C NMR spectrum of 20. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 69. 31F NMR spectrum of 20. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 70. HPLC of product 20. 



S-97 

 
Supplementary Fig. 71. 1H NMR spectrum of 21. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 72.13C NMR spectrum of 21. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 73. 31F NMR spectrum of 21. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 74. HPLC of product 21. 



S-99 

 
Supplementary Fig. 75. 1H NMR spectrum of 22. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 76.13C NMR spectrum of 22. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 77. 31F NMR spectrum of 23. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 78. HPLC of product 22. 



S-101 

 
Supplementary Fig. 79. 1H NMR spectrum of 23. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 81.13C NMR spectrum of 23. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 81. 31F NMR spectrum of 23. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 82. HPLC of product 23. 



S-103 

 
Supplementary Fig. 83. 1H NMR spectrum of 24. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 84.13C NMR spectrum of 24. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 85. 31F NMR spectrum of 24. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 86. HPLC of product 24. 
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Supplementary Fig. 87. 1H NMR spectrum of 25. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 88.13C NMR spectrum of 25. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 89. 31F NMR spectrum of 25. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 90. HPLC of product 25. 
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Supplementary Fig. 91. 1H NMR spectrum of 26. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 92.13C NMR spectrum of 26. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 93. 31F NMR spectrum of 26. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 94. HPLC of product 26. 



S-109 

  
Supplementary Fig. 95. 1H NMR spectrum of 27. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 96. 13C NMR spectrum of 27. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 97. 31F NMR spectrum of 27. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-110 

 
Supplementary Fig. 98. HPLC of product 27. 



S-111 

 
Supplementary Fig. 99. 1H NMR spectrum of 28. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 100. 13C NMR spectrum of 28. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 101. 31F NMR spectrum of 28. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 102. HPLC of product 28. 



S-113 

 
Supplementary Fig. 103. 1H NMR spectrum of 29. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 104. 13C NMR spectrum of 29. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 105. 31F NMR spectrum of 29. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 106. HPLC of product 29. 



S-115 

 
Supplementary Fig. 107. 1H NMR spectrum of 30. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 108. 13C NMR spectrum of 30. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 109. 31F NMR spectrum of 30. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 110. HPLC of product 30. 



S-117 

 
Supplementary Fig. 111. 1H NMR spectrum of 31. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 112. 13C NMR spectrum of 31. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 113. 31F NMR spectrum of 31. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 114. HPLC of product 31. 



S-119 

 
Supplementary Fig. 115. 1H NMR spectrum of 32. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 116. 13C NMR spectrum of 32. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 117. 31F NMR spectrum of 32. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 118. HPLC of product 32. 



S-121 

  
Supplementary Fig. 119. 1H NMR spectrum of 33. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

  
Supplementary Fig. 120. 13C NMR spectrum of 33. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 121. 31F NMR spectrum of 33. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 122. HPLC of product 33. 



S-123 

  
Supplementary Fig. 123. 1H NMR spectrum of 34. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

  
Supplementary Fig. 124. 13C NMR spectrum of 34. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 125. 31F NMR spectrum of 34. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 126. HPLC of product 34. 



S-125 

 
Supplementary Fig. 127. 1H NMR spectrum of 35. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 128. 13C NMR spectrum of 35. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 129. 31F NMR spectrum of 35. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 130. HPLC of product 35. 



S-127 

 
Supplementary Fig. 131. 1H NMR spectrum of 36. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 132. 13C NMR spectrum of 36. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 133. 31F NMR spectrum of 36. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 134. HPLC of product 36. 



S-129 

  
Supplementary Fig. 135. 1H NMR spectrum of 37. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 136. 13C NMR spectrum of 37. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 137. 31F NMR spectrum of 37. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-130 

 
Supplementary Fig. 138. HPLC of product 37. 



S-131 

 
Supplementary Fig. 139. 1H NMR spectrum of 38. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 140. 13C NMR spectrum of 38. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 141. 31F NMR spectrum of 38. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-132 

 
Supplementary Fig. 142. HPLC of product 38. 



S-133 

 
Supplementary Fig. 143. 1H NMR spectrum of 39. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 144. 13C NMR spectrum of 39. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 145. 31F NMR spectrum of 39. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 146. HPLC of product 39. 



S-135 

 
Supplementary Fig. 147. 1H NMR spectrum of 40. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 148. 13C NMR spectrum of 40. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 149. 31F NMR spectrum of 40. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 150. HPLC of product 40. 



S-137 

 
Supplementary Fig. 151. 1H NMR spectrum of 41. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 152. 13C NMR spectrum of 41. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 153. 31F NMR spectrum of 41. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-138 

 
Supplementary Fig. 154. HPLC of product 41. 



S-139 

 
Supplementary Fig. 155. 1H NMR spectrum of 42. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 156. 13C NMR spectrum of 42. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 157. 31F NMR spectrum of 42. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 158. HPLC of product 42. 



S-141 

 
Supplementary Fig. 159. 1H NMR spectrum of 43. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 160. 13C NMR spectrum of 43. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 161. 31F NMR spectrum of 43. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 162. HPLC of product 43. 



S-143 

 

 
Supplementary Fig. 163. 1H NMR spectrum of 44. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 164. 13C NMR spectrum of 44. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 165. 31F NMR spectrum of 44. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 166. HPLC of product 44. 



S-145 

 
Supplementary Fig. 167. 1H NMR spectrum of 45. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 168. 13C NMR spectrum of 45. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 169. 31F NMR spectrum of 45. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 170. HPLC of product 45. 



S-147 

 
Supplementary Fig. 171. 1H NMR spectrum of 46. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 172. 13C NMR spectrum of 46. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 173. 31F NMR spectrum of 46. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 174. HPLC of product 46. 



S-149 

 
Supplementary Fig. 175. 1H NMR spectrum of 47. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 176. 13C NMR spectrum of 47. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 177. HPLC of product 47. 
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Supplementary Fig. 178. 1H NMR spectrum of 48. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 179. 13C NMR spectrum of 48. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 180. HPLC of product 49. 



S-153 

 
Supplementary Fig. 181. 1H NMR spectrum of 49. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 182. 13C NMR spectrum of 49. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 183. HPLC of product 49. 



S-155 

 
Supplementary Fig. 184. 1H NMR spectrum of 50. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 185. 13C NMR spectrum of 50. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 186. HPLC of product 50. 



S-157 

 
Supplementary Fig. 187. 1H NMR spectrum of 51. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 188. 13C NMR spectrum of 51. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 189. HPLC of product 51. 



S-159 

 
Supplementary Fig. 190. 1H NMR spectrum of 52. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 191. 13C NMR spectrum of 52. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 192. HPLC of product 52. 
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Supplementary Fig. 193. 1H NMR spectrum of 53. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 194. 13C NMR spectrum of 53. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

   
Supplementary Fig. 195. 31F NMR spectrum of 53. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 196. HPLC of product 53. 



S-163 

 
Supplementary Fig. 197. 1H NMR spectrum of 54. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 198. 13C NMR spectrum of 54. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 199. 31F NMR spectrum of 54. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-164 

 
Supplementary Fig. 200. HPLC of product 54. 



S-165 

 
Supplementary Fig. 201. 1H NMR spectrum of 55. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 202. 13C NMR spectrum of 55. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 203. 31F NMR spectrum of 55. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 204. HPLC of product 55. 



S-167 

 
Supplementary Fig. 205. 1H NMR spectrum of 56. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 206. 13C NMR spectrum of 56. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 207. 31F NMR spectrum of 56. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 208. HPLC of product 56. 



S-169 

 
Supplementary Fig. 209. 1H NMR spectrum of 57. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 210. 13C NMR spectrum of 57. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 211. 31F NMR spectrum of 57. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-170 

 
Supplementary Fig. 212. HPLC of product 57. 



S-171 

 
Supplementary Fig. 213. 1H NMR spectrum of 58. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 214. 13C NMR spectrum of 58. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 215. 31F NMR spectrum of 58. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 216. HPLC of product 58. 



S-173 

 
Supplementary Fig. 217. 1H NMR spectrum of 59. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 218. 13C NMR spectrum of 59. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 219. 31F NMR spectrum of 59. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-174 

 

 
Supplementary Fig. 220. HPLC of product 59. 



S-175 

 
Supplementary Fig. 221. 1H NMR spectrum of 60. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 222. 13C NMR spectrum of 60. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 223. 31F NMR spectrum of 60. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 224. HPLC of product 60. 



S-177 

 
Supplementary Fig. 225. 1H NMR spectrum of 61. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 226. 13C NMR spectrum of 61. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 227. 31F NMR spectrum of 61. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-178 

 
Supplementary Fig. 228. HPLC of product 61. 



S-179 

 
Supplementary Fig. 229. 1H NMR spectrum of 62. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 230. 13C NMR spectrum of 62. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 231. 31F NMR spectrum of 62. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 232. HPLC of product 62. 



S-181 

 
Supplementary Fig. 233. 1H NMR spectrum of 63. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 234. 13C NMR spectrum of 63. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 235. 31F NMR spectrum of 63. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 236. HPLC of product 63. 



S-183 

 
Supplementary Fig. 237. 1H NMR spectrum of 64. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 238. 13C NMR spectrum of 64. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 239. 31F NMR spectrum of 64. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 240. HPLC of product 64. 



S-185 

 
Supplementary Fig. 241. 1H NMR spectrum of 65. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 242. 13C NMR spectrum of 65. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 243. 31F NMR spectrum of 65. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 244. HPLC of product 65. 



S-187 

 
Supplementary Fig. 245. 1H NMR spectrum of 66. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 246. 13C NMR spectrum of 66. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 247. 31F NMR spectrum of 66. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 248. HPLC of product 66. 



S-189 

 
Supplementary Fig. 249. 1H NMR spectrum of 67. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 250. 13C NMR spectrum of 67. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 251. 31F NMR spectrum of 67. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 252. HPLC of product 67. 



S-191 

 
Supplementary Fig. 253. 1H NMR spectrum of 68. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 254. 13C NMR spectrum of 68. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 255. 31F NMR spectrum of 68. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 256. HPLC of product 68. 



S-193 

 
Supplementary Fig. 257. 1H NMR spectrum of 69. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 258. 13C NMR spectrum of 69. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 259. 31F NMR spectrum of 69. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 260. HPLC of product 69. 



S-195 

 
Supplementary Fig. 261. 1H NMR spectrum of 70. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 262. 13C NMR spectrum of 70. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 263. 31F NMR spectrum of 70. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 264. HPLC of product 70. 



S-197 

 
Supplementary Fig. 265. 1H NMR spectrum of 71. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 266. 13C NMR spectrum of 71. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 267. 31F NMR spectrum of 71. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 268. HPLC of product 71. 



S-199 

 
Supplementary Fig. 269. 1H NMR spectrum of 72. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 270. 13C NMR spectrum of 72. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 271. 31F NMR spectrum of 72. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 272. HPLC of product 72. 



S-201 

 
Supplementary Fig. 273. 1H NMR spectrum of 73. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 274. 13C NMR spectrum of 73. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 275. 31F NMR spectrum of 73. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 276. HPLC of product 73. 



S-203 

 
Supplementary Fig. 277. 1H NMR spectrum of 74. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 278. 13C NMR spectrum of 74. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 279. 31F NMR spectrum of 74. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 280. HPLC of product 74. 



S-205 

 
Supplementary Fig. 281. 1H NMR spectrum of 75. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 282. 13C NMR spectrum of 75. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 283. 31F NMR spectrum of 75. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 284. HPLC of product 75. 
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Supplementary Fig. 285. 1H NMR spectrum of 76. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 286. 13C NMR spectrum of 76. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 287. 31F NMR spectrum of 76. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 288. HPLC of product 76. 
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Supplementary Fig. 289. 1H NMR spectrum of 77. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 290. 13C NMR spectrum of 77. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 291. 31F NMR spectrum of 77. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 292. HPLC of product 77. 
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Supplementary Fig. 293. 1H NMR spectrum of 78. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 294. 13C NMR spectrum of 78. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 295. 31F NMR spectrum of 78. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 296. HPLC of product 78. 
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Supplementary Fig. 297. 1H NMR spectrum of 79. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 298. 13C NMR spectrum of 79. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 299. 31F NMR spectrum of 79. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 300. HPLC of product 79. 
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Supplementary Fig. 301. 1H NMR spectrum of 80. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 302. 13C NMR spectrum of 80. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 303. 31F NMR spectrum of 80. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 304. HPLC of product 80. 
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Supplementary Fig. 305. 1H NMR spectrum of 81. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 306. 13C NMR spectrum of 81. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 307. HPLC of product 81. 
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Supplementary Fig. 308. 1H NMR spectrum of 82. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 309. 13C NMR spectrum of 82. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 310. 31F NMR spectrum of 82. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 311. HPLC of product 82. 
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Supplementary Fig. 312. 1H NMR spectrum of 83. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 313. 13C NMR spectrum of 83. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 314. HPLC of product 83. 
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Supplementary Fig. 315. 1H NMR spectrum of 84. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 316. 13C NMR spectrum of 84. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 317. HPLC of product 84. 
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Supplementary Fig. 318. 1H NMR spectrum of 85. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 319. 13C NMR spectrum of 85. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 320. HPLC of product 85. 
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Supplementary Fig. 321. 1H NMR spectrum of 86. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 322. 13C NMR spectrum of 86. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 323. HPLC of product 86. 
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Supplementary Fig. 324. 1H NMR spectrum of 87. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 325. 13C NMR spectrum of 87. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 326. 31F NMR spectrum of 87. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 327. HPLC of product 87. 
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Supplementary Fig. 328. 1H NMR spectrum of 88. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 329. 13C NMR spectrum of 88. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 330. 31F NMR spectrum of 88. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 331. HPLC of product 88. 
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Supplementary Fig. 332. 1H NMR spectrum of 89. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 333. 13C NMR spectrum of 89. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 334. 31F NMR spectrum of 89. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 335. HPLC of product 89. 
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Supplementary Fig. 336. 1H NMR spectrum of 90. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 337. 13C NMR spectrum of 90. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 338. 31F NMR spectrum of 90. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 339. HPLC of product 90. 
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Supplementary Fig. 340. 1H NMR spectrum of 91. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 

Supplementary Fig. 341. 13C NMR spectrum of 91. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 

Supplementary Fig. 342. 31F NMR spectrum of 91. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 343. HPLC of product 91. 
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Supplementary Fig. 344. 1H NMR spectrum of 92. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 345. 13C NMR spectrum of 92. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 346. 31F NMR spectrum of 92. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 347. HPLC of product 92. 
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Supplementary Fig. 348. 1H NMR spectrum of 93. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 349. 13C NMR spectrum of 93. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 350. 31F NMR spectrum of 93. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 351. HPLC of product 93. 
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Supplementary Fig. 352. 1H NMR spectrum of 94. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 353. 13C NMR spectrum of 94. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 354. 31F NMR spectrum of 94. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 355. HPLC of product 94. 
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Supplementary Fig. 356. 1H NMR spectrum of 95. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 357. 13C NMR spectrum of 95. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 358. 31F NMR spectrum of 95. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-246 

 
Supplementary Fig. 359. HPLC of product 95. 
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Supplementary Fig. 360. 1H NMR spectrum of 96. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 361. 13C NMR spectrum of 96. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 362. 31F NMR spectrum of 96. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 363. HPLC of product 96. 
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Supplementary Fig. 364. 1H NMR spectrum of 97. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 365. 13C NMR spectrum of 97. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 366. 31F NMR spectrum of 97. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 



S-250 

 
Supplementary Fig. 367. HPLC of product 97. 
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Supplementary Fig. 368. 1H NMR spectrum of 98. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 369. 13C NMR spectrum of 98. The sample has been recorded in 151 MHz, CDCl3 at 25 °C. 

 
Supplementary Fig. 370. 31F NMR spectrum of 98. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 371. HPLC of product 98. 
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Supplementary Fig. 372. 1H NMR spectrum of 100. The sample has been recorded in 600 MHz, CDCl3 at 25 °C. 

 

Supplementary Fig. 373. 13C NMR spectrum of 100. The sample has been recorded in 151 MHz, CDCl3 at 

25 °C. 

 

Supplementary Fig. 374. 31F NMR spectrum of 100. The sample has been recorded in 564 MHz, CDCl3 at 25 °C. 
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Supplementary Fig. 375. HPLC of product 100.  
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