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1. General Remarks. 'H and *C NMR spectra were recorded on a Bruker AM-300
spectrometer for solution in CDCl; with tetramethylsilane (TMS) as an internal standard;
J-values are in Hz. Mass spectra were recorded by EI methods, and HRMS was measured on a
Finnigan MA" mass spectrometer. THF and toluene were distilled from sodium (Na) under
argon (Ar) atmosphere. CH3CN and 1,2-dichloromethane were distilled from CaH, under
argon (Ar) atmosphere. Commercially obtained reagents were used without further
purification. All reactions were monitored by TLC with Huanghai GF,s4 silica gel coated
plates. Flash column chromatography was carried out using 300-400 mesh silica gel at

increased pressure.

2. General procedure for the preparation of difluoroenoxysilane 2.! A mixture of
chlorotrimethylsilane (TMSCI) (6.0 mmol), Mg (6.0 mmol) and THF (10 mL) was cooled
down to 0 °C under argon atmosphere. Then trifluoroacetophenone (1.5 mmol) was added
dropwise and the resulting mixture was stirred for an additional 1.0 h. After the solvent was
removed under vacuum, hexane (15 mL) was added to the residue. The resulting salt was
filtered and the filtrate was then concentrated to give the crude product of difluoroenoxysilane
2 under reduced pressure. This crude product 2 was used for the Mukaiyama-aldol type

reaction without further purification.

((2,2-difluoro-1-phenylvinyl)oxy)trimethylsilane (2a). 'H NMR (300 MHz, CDCls;, TMS): &
0.18 (s, 9H, CHs3), 7.25-7.29 (m, 1H, ArH), 7.34-7.39 (m, 2H, ArH), 7.47-7.50 (m, 2H, ArH);
F NMR (282 MHz, CDCl3, TMS): § -100.7 (d, 1F, J= 68 Hz), -112.2 (d, 1F, J = 68 Hz).

((2,2-difluoro-1-(p-tolyl)vinyl)oxy)trimethylsilane (2b). 'H NMR (400 MHz, CDCls, TMS):
0 0.18 (s, 9H, CH3), 2.35 (s, 3H, CH3), 7.16 (d, 2H, J = 8.4 Hz, ArH), 7.36 (d, 2H, J = 8.4 Hz,
ArH); "F NMR (376 MHz, CDCls, TMS): & -100.7 (d, 1F, J = 69 Hz), -112.2 (d, 1F, J = 69
Hz).

((2,2-difluoro-1-(thiophen-2-yl)vinyl)oxy)trimethylsilane (2c). *"H NMR (400 MHz, CDCls,
TMS): & 0.24 (s, 9H, CHs), 7.01-7.04 (m, 1H, ArH), 7.09 (d, 1H, J = 4.0 Hz, ArH), 7.36 (dd,
1H, J = 4.0, 1.2 Hz, ArH); *°F NMR (376 MHz, CDCl;, TMS): & -102.2 (d, 1F, J = 65 Hz),
-112.2 (d, 1F, J = 65 Hz).
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3. General procedure of the preparation of chiral imidazoline-phosphine type ligands
L9-L14.

Ph

I ) coon oo 9@ ol
]' HOBT, EDCI 5 Ph  Tf,0, P(O)Ph;
—_— —_—

+
w DCM, 0 °C, 3h
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(R)-BINDPCA Si-1 (aR.S,5)-SI-2
SI-2a: Ar = CgHg (93%)
SI-2b: Ar =3, 5-Me,CHs (78%)
SI-2c: Ar=3, 5-(OMe),CgH3 (75%)

Ts Ts
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Toluene, reflux, 12h PA
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(Ra,S,S)

L9: Ar = CgHy4 (59% for two steps)
L13: Ar =3, 5-Me,CgH3 (50% for two steps)
L14: Ar =3, 5-(OMe),CgH3 (66% for two steps)

Ts Ts Ts
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(Ra,R,R)-L10 (Sa,S,S)L11 (Sa,R,R)-L12

Si-3a - SI-3¢c

Synthesis of the precatalysts SI-2. The solution of (R)-BINDPCA? (0.5 mmol) in DMF (5.0
mL) with 1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride (EDCI) (1.0 mmol)
and 1-hydroxy-benzotriazole (HOBt) (1.5 mmol) was stirred at 0 °C for 10 min, then a
solution of SI-1 (0.75 mmol) in 2.0 mL DMF was added into the solution by syringe at 0 °C.
The mixture was stirred at room temperature for 5 h. The reaction mixture was diluted by the
addition of 10 mL of EtOAc, then washed with H,O and brine, dried over anhydrous Na,SO4
and the solvent was removed under vacuum. The residue was purified by silica gel column
chromatography to give the desired product SI-2 as pale yellow solid.

(R)-2-(diphenylphosphoryl)-N-((1S,2S)-2-(4-methylphenylsulfonamido)-1,2-diphenylethyl)-1,
1'-binaphthyl-2-carboxamide SI-2a. Yield: (392 mg, 93%). A pale yellow solid, m.p. 133-136
°C; IR (CH,Cl,) v 3209, 3059, 2924, 1659, 1566, 1497, 1453, 1439, 1373, 1332, 1262, 1202,
1158, 1114, 1090, 1071, 1029, 1000, 972, 952 cm™; *H NMR (CDCl;, TMS, 400 MHz) § 2.22
(s, 3H, CHg3), 5.05 (dd, 1H, J = 10.0, 4.0 Hz, CH), 5.28 (dd, 1H, J = 10.0, 4.0 Hz, CH), 6.35
(d, 2H, J = 8.0 Hz, ArH), 6.46 (d, 1H, J = 8.4 Hz, ArH), 6.73-6.84 (m, 6H, ArH), 6.94 (br, 2H,
ArH), 7.06-7.24 (m, 10H, ArH), 7.36-7.55 (m, 7H, ArH), 7.61 (d, 1H, J = 8.0 Hz, ArH),
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7.80-7.88 (m, 4H, ArH), 7.95 (dd, 1H, J = 8.4, 2.0 Hz, ArH), 10.13 (d, 1H, J = 8.0 Hz, NH);
3Ip NMR (CDCls, 162 MHz, 85% HsPO4) § 30.34; MS (ESI) m/z (%): 847.7 (100) [M*+1];
HRMS (MALDI) Calcd. for CssHauN204PS™ (M +1) requires 847.2755, Found: 847.2753.
[0]®p = +108.6 (c 0.40, CHCl5).

(R)-2-(bis(3,5-dimethylphenyl)phosphoryl)-N-((1S,2S)-2-(4-methylphenylsulfonamido)-1,2-di
phenylethyl)-1,1'-binaphthyl-2-carboxamide SI-2b. Yield: (297 mg, 78%). A pale yellow
solid, m.p. 130-133 °C; IR (CH,Cly) v 3201, 3059, 3031, 2922, 1725, 1660, 1620, 1566, 1498,
1452, 1422, 1375, 1334, 1305, 1272, 1224, 1203, 1159, 1122, 1092, 1065, 1007, 973, 953
cm™; *H NMR (CDCls, TMS, 400 MHz) & 1.95 (s, 6H, CH3), 2.22 (s, 3H, CH3), 2.38 (s, 6H,
CHj3), 4.98 (dd, 1H, J = 11.6, 3.6 Hz, CH), 5.29 (dd, 1H, J = 11.6, 3.6 Hz, CH), 6.23 (d, 1H, J
= 7.6 Hz, ArH), 6.45 (s, 1H, ArH), 6.55 (d, 1H, J = 7.6 Hz, ArH), 6.70-6.81 (m, 6H, ArH),
6.88-7.03 (m, 3H, ArH), 7.10-7.24 (m, 9H, ArH), 7.39-7.50 (m, 4H, ArH), 7.57-7.72 (m, 4H,
ArH), 7.86 (d, 1H, J = 8.4 Hz, ArH), 8.02 (dd, 1H, J = 8.4, 2.0 Hz, ArH), 8.22 (dd, 1H, J =
8.4, 1.6 Hz, ArH), 10.28 (d, 1H, J = 9.2 Hz, NH); *'P NMR (CDCls, 162 MHz, 85% H3POy) &
29.39; MS (ESI) m/z (%): 903.7 (100) [M*+1]; HRMS (MALDI) Calcd. for
CsgHs2N204,PS ™ (M*+1) requires 903.3388, Found: 903.3380. [a]*5 = +48.0 (¢ 0.15, CHClIs).

(R)-2-(bis(3,5-dimethoxyphenyl)phosphoryl)-N-((1S,2S)-2-(4-methylphenylsulfonamido)-1,2-
diphenylethyl)-1,1'-binaphthyl-2-carboxamide SI-2c. Yield: (319 mg, 75%). A pale yellow
solid, m.p. 137-139 °C; IR (CH,Cl,) v 3210, 3060, 3002, 2933, 2838, 1723, 1660, 1585, 1498,
1453, 1419, 1373, 1335, 1303, 1289, 1257, 1206, 1161, 1091, 1063, 973, 953, 925 cm™; 'H
NMR (CDCl3, TMS, 400 MHz) 6 2.22 (s, 3H, CH3), 3.22 (s, 6H, OCHs3), 3.78 (s, 6H, OCH3),
4.99 (dd, 1H, J = 9.2, 3.6 Hz, CH), 5.30 (dd, 1H, J = 9.2, 3.6 Hz, CH), 5.89 (s, 1H, ArH),
6.25-6.28 (m, 4H, ArH), 6.53 (d, 1H, J = 8.4 Hz, ArH), 6.66 (s, 1H, ArH), 6.75-6.91 (m, 4H,
ArH), 6.93-7.04 (m, 3H, ArH), 7.14-7.21 (m, 9H, ArH), 7.38-7.45 (m, 3H, ArH), 7.53 (d, 1H,
J = 8.0 Hz, ArH), 7.65-7.72 (m, 2H, ArH), 7.86 (d, 1H, J = 8.0 Hz, ArH), 7.95 (d, 1H, J=9.6
Hz, ArH), 8.02 (d, 1H, J = 6.8 Hz, ArH), 10.09 (d, 1H, J = 9.2 Hz, NH); *P NMR (CDCls,
162 MHz, 85% H3POy) & 30.61; MS (ESI) m/z (%): 967.9 (100) [M*+1]; HRMS (MALDI)
Calcd. for CsgHsoN,0gPS™ (M*+1) requires 967.3192, Found: 967.3177. [a]®% = +58.3 (c
0.40, CHCIy).
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Synthesis of the precatalysts SI1-3.° To a dried Schlenk tube was added triphenylphosphine
oxide (1.5 mmol) and trifluoromethanesulfonic anhydride (1.5 mmol) in CH2CI2 (5.0 mL) at 0
°C, and the mixture was stirred at 0 °C for 0.5 h. Then the solution of precatalyst SI-2 (0.50
mmol) in CH2Cl2 (5.0 mL) was added slowly via syringe. After the completion of the addition,
the mixture was stirred at 0 °C for 3 h. The reaction was quenched with saturated NaHCOs
(aqg), and the aqueous layer was extracted with CH2Cl2. The combined organic phase was dried
over anhydrous Na2SOs, and the solvent was removed under vacuum. The residue was
purified by silica gel column chromatography (PE/EA=1/1) to give crude product SI-3 (mixed
with triphenylphosphine oxide).

Synthesis of the chiral imidazoline-phosphine ligands L9-L.14. To a dried Schlenk tube
filled with argon was added crude precatalyst SI-3 with Et;N (10.0 equiv) in 15 mL anhydrous
toluene. The mixture was stirred at 0 °C for 10 min, and 10.0 equiv of HSiCl; was added at O
°C and the mixture was stirred at that temperature for 0.5 h. Then the mixture was allowed to
warm to room temperature and stirred under reflux overnight. After cooling to room
temperature, the reaction was quenched with saturated NaHCO3 (aq), precipitates settled out,
and the aqueous layer was extracted with EtOAc. The combined organic phase was washed
with brine and dried over anhydrous Na2SOa, and the solvent was removed under vacuum.
The residue was purified by silica gel column chromatography (PE/EA=5/1) to give the
desired product as pale yellow solid.

(4S,55)-2-((R)-2'-(diphenylphosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro-
1H-imidazoline L9. Yield: (110 mg, 55% for two steps). A pale yellow solid, m.p. 150-153
°C; IR (CH,Cl) v 3397, 3055, 2973, 2925, 1725, 1642, 1595, 1479, 1433, 1371, 1306, 1277,
1247, 1205, 1185, 1167, 1089, 1026, 963 cm™; 'H NMR (CDCl;, TMS, 400 MHz) & 2.24 (s,
3H, CHs), 4.49 (d, 1H, J= 6.0 Hz, CH), 4.54 (d, 1H, J= 6.0 Hz, CH), 5.85 (d, 2H, J = 7.2 Hz,
ArH), 6.68 (d, 1H, J = 8.4 Hz, ArH), 6.78-6.89 (m, 9H, ArH); 6.91-7.01 (m, 5H, ArH),
7.07-7.11 (m, 4H, ArH), 7.12-7.19 (m, 5H, ArH), 7.32 (q, 2H, J = 6.0 Hz, ArH), 7.53 (t, 2H, J
= 8.8 Hz, ArH), 7.80 (d, 1H, J = 8.4 Hz, ArH), 7.91 (d, 1H, J = 8.4 Hz, ArH), 7.98-8.03 (m,
3H, ArH), 8.15 (d, 1H, J = 8.0 Hz, ArH); *'P NMR (CDCls, 162 MHz, 85% H3PO,) & -14.82;
MS (ESI) m/z (%): 813.6 (100) [M"+1]; HRMS (MALDI) Calcd. for CssH4oN,0,PS™ (M™+1)
requires 817.2702, Found: 817.2699. [a]*’b = +36.5 (¢ 0.45, CHCL).
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(4R,5R)-2-((R)-2'-(diphenylphosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro
-1H-imidazoline L10. Yield: (199 mg, 63% for two steps). A pale yellow solid, m.p. 147-150
°C; IR (CH,Cl,) v 3401, 3055, 2970, 2925, 1725, 1655, 1590, 1479, 1433, 1389, 1306, 1271,
1239, 1198, 1185, 1165, 1089, 1026, 969 cm™; "H NMR (CDCls, TMS, 400 MHz) & 2.20 (s,
3H, CHj3), 4.51 (d, 1H, J=6.0 Hz, CH), 4.53 (d, 1H, J= 6.0 Hz, CH), 5.98 (d, 2H, J= 7.8 Hz,
ArH), 6.68 (d, 1H, J = 7.8 Hz, ArH), 6.78-6.89 (m, 9H, ArH); 6.91-7.03 (m, 6H, ArH),
7.07-7.13 (m, 3H, ArH), 7.12-7.19 (m, 5H, ArH), 7.32 (q, 2H, J = 6.0 Hz, ArH), 7.53 (t, 2H, J
= 8.4 Hz, ArH), 7.80 (d, 1H, J = 8.0 Hz, ArH), 7.91 (d, 1H, J = 8.0 Hz, ArH), 7.98-8.01 (m,
3H, ArH), 8.15 (d, 1H, J = 8.0 Hz, ArH); *'P NMR (CDCls, 162 MHz, 85% H3POy) & -14.69;
MS (ESI) m/z (%): 813.6 (100) [M™+1]; HRMS (MALDI) Calcd. for CssHsoN,0.PS™ (M ™+1)
requires 817.2702, Found: 817.2698. [a]*’p = -19.5 (¢ 0.35, CHCl5).

(4S,55)-2-((S)-2'-(diphenylphosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro-
1H-imidazoline L11. Yield: (237 mg, 49% for two steps). A pale yellow solid, m.p. 151-153
°C; IR (CH,Cl,) v 3358, 3075, 2900, 1755, 1642, 1602, 1598, 1459, 1430, 1361, 1300, 1277,
1247, 1215, 1195, 1165, 1089, 1007, 960 cm™; "H NMR (CDCls, TMS, 400 MHz) & 2.20 (s,
3H, CHs3), 4.50 (d, 1H, J=5.2 Hz, CH), 4.59 (d, 1H, J= 5.2 Hz, CH), 5.85 (d, 2H, J=7.2 Hz,
ArH), 6.68 (d, 1H, J = 8.4 Hz, ArH), 6.78-6.89 (m, 9H, ArH); 6.91-7.01 (m, 5H, ArH),
7.07-7.11 (m, 4H, ArH), 7.12-7.19 (m, 4H, ArH), 7.22 (s, 1H, ArH), 7.32 (q, 2H, J = 6.0 Hz,
ArH), 7.53 (t, 2H, J = 8.4 Hz, ArH), 7.80 (d, 1H, J = 8.0 Hz, ArH), 7.91 (d, 1H, J = 8.0 Hz,
ArH), 7.98-8.03 (m, 3H, ArH), 8.15 (d, 1H, J = 8.0 Hz, ArH); *'P NMR (CDCls, 162 MHz,
85% H3PO4) & -14.70; MS (ESI) m/z (%): 813.6 (100) [M'+1]; HRMS (MALDI) Calcd. for
CssH4aN,0,PS ™ (M™+1) requires 817.2702, Found: 817.2698. [0]*’p = +16.8 (c 0.45, CHCI3).

(4R,5R)-2-((S)-2'-(diphenylphosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro
-1H-imidazoline L12. Yield: (186 mg, 59% for two steps). A pale yellow solid, m.p. 155-158
°C; IR (CH,Cl,) v 3411, 3380, 3055, 3020, 2973, 2925, 1725, 1642, 1608, 1479, 1433, 1371,
1300, 1277, 1247, 1205, 1175, 1157, 1089, 1026, 960, 895 cm™'; 'H NMR (CDCls, TMS, 400
MHz) 6 2.26 (s, 3H, CH3), 4.48 (d, 1H, J= 6.0 Hz, CH), 4.54 (d, 1H, J= 6.0 Hz, CH), 5.85 (d,
1H, J = 7.2 Hz, ArH), 6.68 (d, 1H, J = 7.2 Hz, ArH), 6.79-6.92 (m, 9H, ArH), 6.97-7.03 (m,
SH, ArH), 7.09-7.12 (m, 4H, ArH), 7.18-7.24 (m, 5H, ArH), 7.31-7.36 (m, 2H, ArH),
7.51-7.56 (m, 2H, ArH), 7.80 (d, 1H, J = 8.8 Hz, ArH), 7.92 (d, 1H, J = 8.4 Hz, ArH),
7.98-8.04 (m, 3H, ArH), 8.16 (d, 1H, J = 8.4 Hz, ArH); >'P NMR (CDCl;, 162 MHz, 85%

S7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

HsPO4) & -14.84; MS (ESI) m/z (%): 813.6 (100) [M'+1]; HRMS (MALDI) Calcd. for
Cs4HoN,0,PS T (M™+1) requires 817.2702, Found: 817.2700. [a]*’p = -36.1 (¢ 0.40, CHCl;).

(45,55)-2-((R)-2'(
bis(3,5-dimethylphenyl)phosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro-1
H-imidazoline L13. Yield: (138 mg, 50% for two steps). A pale yellow solid, m.p. 150-153
°C; IR (CH,Cly) v 3395, 3152, 2958, 2925, 1886, 1725, 1642, 1590, 1485, 1433, 1371, 1316,
1277, 1207, 1185, 1167, 1075, 1029, 1001, 903 cm™; '"H NMR (CDCl;, TMS, 400 MHz) &
1.88 (s, 6H, CH3), 2.01 (s, 6H, CH3), 2.24 (s, 3H, CH3), 4.48 (dd, 2H, J = 8.0, 6.0 Hz, CH),
5.84 (d, 2H, J = 7.2 Hz, ArH), 6.43 (d, 2H, J = 7.2 Hz, ArH), 6.69-6.91 (m, 13H, ArH), 7.00
(d, 1H, J = 7.2 Hz, ArH), 7.14-7.18 (m, 2H, ArH), 7.40 (d, 1H, J = 8.0 Hz, ArH), 7.51-7.66
(m, 1H, ArH), 7.68 (d, 1H, J = 8.4 Hz, ArH), 7.82-8.00 (m, 3H, ArH), 8.04 (d, 1H, J = 8.4 Hz,
ArH), 8.16 (d, 1H, J = 8.4 Hz, ArH); *'P NMR (CDCls, 162 MHz, 85% H3PO,) & -13.79; MS
(ESI) m/z (%): 869.7 (100) [M+1]; HRMS (MALDI) Calcd. for CsgHsoN,O,PS™(M™+1)
requires 869.3357, Found: 869.3325. [a]*’p = +45.8 (¢ 0.40, CHCl5).

(48,55)-2-((R)-2~(
bis(3,5-dimethoxyphenyl)phosphino)-1,1'-binaphthyl-2-yl)-4,5-diphenyl-1-tosyl-4,5-dihydro-
1H-imidazoline L.14. Yield: (185 mg, 66% for two steps). A pale yellow solid, m.p. 156-159
°C; IR (CH,Cly) v 3403, 3295, 3155, 2993, 2725, 1825, 1769, 1642, 1595, 1479, 1333, 1306,
1277, 1219, 1205, 1185, 1167, 1009, 958, 858 cm™; 'TH NMR (CDCls;, TMS, 400 MHz) § 2.26
(s, 3H, CH3), 3.36 (s, 6H, OCH3), 3.48 (s, 6H, OCH3), 4.46 (d, 1H, J = 6.0 Hz, CH), 4.58 (d,
1H, J= 6.0 Hz, CH), 5.79 (d, 1H, J = 7.6 Hz, ArH), 6.00 (dd, 2H, J = 4.8, 2.4 Hz, ArH), 6.20
(dt, 2H, J = 4.8, 2.4 Hz, ArH), 6.34 (dd, 2H, J = 7.2, 2.4 Hz, ArH), 6.63 (d, 1H, J = 8.0 Hz,
ArH), 6.77-6.91 (m, 7H, ArH), 6.99 (t, 1H, J = 7.2 Hz, ArH), 7.15-7.24 (m, 5H, ArH),
7.31-7.34 (m, 2H, ArH), 7.35-7.60 (m, 2H, ArH), 7.82 (d, 1H, J= 8.4 Hz, ArH), 7.90 (d, IH, J
= 8.4 Hz, ArH), 8.00 (t, 1H, J = 8.8 Hz, ArH), 8.03 (d, 1H, J = 8.4 Hz, ArH), 8.16 (d, 1H, J =
8.4 Hz, ArH); *'P NMR (CDCls, 162 MHz, 85% H;PO,) 5 -9.88; MS (ESI) m/z (%): 934.0
(100) [M™+1]; HRMS (MALDI) Calcd. for CssHsoN2OgPS ™ (M*+1) requires 933.3131, Found:
933.3122. [0]*°p = +47.0 (¢ 0.20, CHCL,).
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4. Typical procedure for the zinc(Il)-catalyzed asymmetric Mannich-type difluorination
of hydrazone with difluoroenoxysilane 2. Zn(NTf;); (0.01 mmol) and chiral
imidazoline-phosphine ligand L13 (0.02 mmol) were added into a Shlenk tube and then
MeOH/THF (1/1) 1.0 mL was added into the reaction vessel. The resulting solution was
allowed to stir for 2.0 h at room temperature (25 °C). Then hydrazone 0.10 mmol was added
into the mixture, and the reaction mixture was cooled to 5 °C. A freshly prepared
difluoroenoxysilane 2 (0.30 mmol) was added dropwise by syringe. The reaction mixture was
allowed to stir for 24 h at 5 °C. After being quenched by addition of a saturated aqueous
solution of NH4Cl1 (5.0 mL), the mixture was extracted by DCM and washed with brine. The
organic layer was dried over anhydrous Na,SO,. Then the solvent was removed under reduced
pressure and the residue was purified by flash column chromatography (SiO,) to give the

corresponding product 3a.

In the case of hydrazone 1r, bearing a 2-chlorobenzene group, the corresponding product 3r
was given in low yield and ee, presumably due to the steric effect (Table SI-1, entry 17).
However, substrate 1s, bearing a 3-nitrobenzene group afforded 3s in lower yield and
enantioselectivity relatively (Table SI-1, entry 18). Experiments showed that hydrazone 1p [R
= CH3(CHy)e], which bearing a sterically more bulky substituent than 1t, afforded
difluorination product 3p in 60% ee, an increased enantioselectivity was achieved for the
comparison of 3t (Table 3, entry 15 and Table SI-1, entry 19). Similar results were obtained
for the comparison of the corresponding adducts 3q (R = cyclopropyl) and 3u (R =
cyclohexyl) (up to 78% ee, Table 3, entry 16 and Table SI-1, entry 20).

Table SI-1. Scope and limitations of Zn(NTf;),-catalyzed asymmetric Mannich-type reaction

of aromatic hydrazones with difluoroenoxysilane 2a.

S9



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

BzHN.
N’NHBZ+ F\/ :OT'V'S Zn(NTf), (10 mol%)/L13 (20 mol%) M
R)kH F Ph  THF/MeOH=1/1, 5 °C, MS4A, 24 h R s Ph
1 2a 3
a hydrazone 1 yield® (%) ee® (%) absolute
entry 7 ] .
(R) 3 3 configuration®
1 1b (4-CICgH,) 3b, 75 95 s
2 1c (4-BrCgH,) 3¢, 79 96 S
3 1d (4-FCgHy) 3d, 83/67¢ 87/93¢ s
4 1e (4-MeCgHy) 3e, 73 92 S
5 1f (4-MeOCgH,) 3f, 87 94 S
6 1g (4-NO,CgH,) 39,79 90 S
7 1h (4-CNCgHy) 3h, 67 91 S
8 1i (4-CF43CgH,) 3i, 69 90 S
9 1j (3-CICgH,) 3j, 71 94 s
10 1k (1-Naphthyl) 3k, 69 91 S
11 11 (2-Naphthyl) 31,72 94 s
12 1m (2-Furyl) 3m, 77 57 S
13 1n (2-Thienyl) 3n, 59/51¢ 83/90° S
14 10 (3-Thienyl) 30, 79/69° 87/94° s
15 1p [CH3(CH,)g] 3p, 53 60 s
16 1q (Cyclohexyl) 3q, 52 78 S
17 1r (2-CICgH,) 3r, 38/439 36/759 S
18 1s (3-NO,CgH,) 3s, 60 62 s
19 1t [CH3(CHs),] 3t, 61 48 S
20 1u (Cyclopropyl) 3u, 59 35 S

8 Reaction conditions: 1 (0.10 mmol), 2a (0.30 mmol), Zn(NTf5,), (10 mol%), L13 (20
mol%), THF (0.50 mL), MeOH (0.50 mL) and MS 4A (50 mg), the reaction was carried
out at 5 °C for 24 h. P Isolated yield after column chromatography. ¢ Determined by
chiral HPLC analysis. 9 Determined by the X-ray diffraction. © The reaction was carried
out at 0 °C. f The reaction was carried out at 25 °C. 9 L14 was utilized instead of L13.

5. Analytical data for Zn(NTf3),-catalyzed Mannich-type adducts 3a-3u
N-(2,2-difluoro-3-oxo-1,3-diphenylpropyl)benzohydrazide (3a).

A pale yellow oil (79%, 30 mg); IR (acetone): v 3293, 3064, 2374, 1775, 1702, 1697, 1676,
1655, 1598, 1579, 1528, 1450, 1310, 1283, 1211, 1184, 1066, 907 cm™; "H NMR (300 MHz,
CDCls, TMS): 6 5.01 (t, 1H, J = 12.6 Hz, NH), 5.46 (br, 1H, CH), 7.34-7.60 (m, 13H, ArH),
7.69 (s, 1H, BzZNH), 7.95 (d, 2H, J = 7.8 Hz, ArH); '*C NMR (75 MHz, CDCls, TMS): § 66.5
(dd, Je.r = 23.8, 21.1 Hz), 117.3 (t, Jor = 259.1 Hz), 126.8, 128.5, 128.6, 129.1, 129.5, 129.9
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(t, Jor =3.6 Hz), 131.9, 132.1, 132.4 (t, Jer = 1.9 Hz), 132.7 (d, Jor = 2.3 Hz), 134.2, 167.5,
189.6 (t, Jor = 28.7 Hz); ’F NMR (282 MHz, CDCls;, TMS): & -111.5 (dd, 1F, J = 276, 12
Hz), -114.0 (dd, 1F, J = 276, 14 Hz); MS (ESI) m/z (%): 381 (100) [M*+1]; HRMS (MALDI)
Caled. for CypH sFaN,O-Na™ (M™+1) requires 403.1234, Found: 403.1229. Enantiomeric
excess was determined by HPLC with a Chiralcel OJ-H column (hexane/iPrOH = 60/40, 0.6
mL/min, 230 NM, Zyiner = 25.55 Min, Lugior = 18.77 min; [o]*’p = +29.3 (¢ 0.55, CHCl3), 93 %

ee).

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3b).

BZHN“NH o

(J ¢ U

A pale yellow oil (75%, 31 mg); IR (acetone): v 3293, 3064, 2925, 2854,1777, 1703, 1649,
1598, 1579, 1527, 1492, 1467, 1449, 1310, 1282, 1211, 1184, 1091, 1016, 925, 908 cm™; 'H
NMR (300 MHz, CDCl3, TMS): 6 5.02 (t, 1H, J = 12.6 Hz, NH), 5.46 (br, 1H, CH), 7.30-7.51
(m, 9H, ArH), 7.55-7.62 (m, 3H, ArH), 7.76 (d, 1H, J = 4.8 Hz, BzNH), 7.98 (d, 2H, J = 7.8
Hz, ArH); *C NMR (75 MHz, CDCls, TMS): 8 65.9 (dd, Je.r = 23.3, 20.9 Hz), 117.0 (t, Jor =
261.1 Hz), 126.8, 128.6, 128.7, 128.8, 130.0 (t, Jcr = 3.5 Hz), 130.9, 131.4, 132.0, 132.1,
132.3, 134.5, 135.2, 167.6, 189.3 (t, Jor = 29.0 Hz); ’F NMR (282 MHz, CDCls, TMS): &
-111.3 (dd, 1F, J=278, 12 Hz), -114.3 (dd, 1F, J =278, 16 Hz); MS (ESI) m/z (%): 415 (100)
[M++l]; HRMS (MALDI) Calcd. for C22H17C1F2N202Na+1(M++1) requires 437.0844, Found:
437.0839. Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column
(hexane/iPrOH = 80/20, 0.7 mL/min, 214 nm, fyinor = 12.70 Min, tygior = 14.85 min; [a]*p =
+39.2 (c 1.05, CHCls), 95 % ee).

Cl

N-(1-(4-bromophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3c¢).

BZHN~N|_| o

(7 U

Br
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A yellow oil (79%, 36 mg); IR (acetone): v 3292, 3064, 2924, 2853,1778, 1704, 1645, 1597,
1579, 1528, 1488, 1467, 1449, 1309, 1281, 1212, 1182, 1072, 1012, 925, 908 cm™; "H NMR
(300 MHz, CDCls, TMS): § 4.99 (t, 1H, J = 12.3 Hz, NH), 5.45 (d, 1H, J = 3.3 Hz, CH),
7.36-7.51 (m, 9H, ArH), 7.55-7.63 (m, 3H, ArH), 7.73 (d, 1H, J = 6.0 Hz, BzNH), 7.98 (d,
2H, J = 7.8 Hz, ArH); °C NMR (75 MHz, CDCls, TMS): & 65.9 (dd, Je.r = 23.6, 20.3 Hz),
116.9 (t, Jor = 260.0 Hz), 123.4, 126.8, 128.6, 128.7, 130.0 (t, Jor = 3.4 Hz), 131.2, 131.7,
131.9, 132.1, 132.3, 134.5, 167.6, 189.2 (t, Je.r = 28.7 Hz); '°F NMR (282 MHz, CDCls,
TMS): & -111.1 (dd, 1F, J =279, 12 Hz), -114.5 (dd, 1F, J = 279, 14 Hz); MS (ESI) m/z (%):
460 (97) [M™+1]; HRMS (MALDI) Calcd. for CoH;7BrFoN,0,  (M™+1) requires 459.0518,
Found: 459.0514. Enantiomeric excess was determined by HPLC with a Chiralcel IC-H
column (hexane/iPrOH = 90/10, 0.6 mL/min, 214 nm, tyinor = 27.45 min, tugjor = 29.36 min;
[a]*b = +55.3 (¢ 2.00, CHCl3), 96 % ee).

N-(2,2-difluoro-1-(4-fluorophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3d).

BZHN.
ZWsNH O

(7
F

A colorless oil (83%, 33 mg); IR (CH,Cly): v 3295, 3062, 1698, 1650, 1600, 1579, 1510,
1462, 1450, 1266, 1228, 1161, 1102, 1066, 1027, 1001, 965, 907 cm™; '"H NMR (400 MHz,
CDCls, TMS): & 5.03 (td, 1H, J = 14.0, 2.0 Hz, CH), 5.59 (dd, 1H, J = 5.6, 2.4 Hz, NH), 6.98
(t, 2H, J = 7.6 Hz, ArH), 7.33 (t, 2H, J = 7.6 Hz, ArH), 7.37-7.46 (m, 5H, ArH), 7.55 (d, 3H, J
= 8.0 Hz, ArH), 7.94 (d, 2H, J = 8.0 Hz, ArH), 8.03 (d, 1H, J = 6.0 Hz, BzNH); *C NMR
(100 MHz, CDCls, TMS): 8 65.6 (dd, Je.p = 23.5, 20.3 Hz), 115.4 (d, Jer =21.2 Hz), 117.1 (t,
Jer =258.5 Hz), 126.8, 128.5, 128.6, 129.9 (t, Jor = 3.4 Hz), 131.3 (d, Jor = 8.5 Hz), 132.0,
132.3, 134.3, 163.0 (d, Jer = 247.0 Hz), 167.6, 189.4 (t, Jo.r = 28.7 Hz); '°’F NMR (376 MHz,
CDCls, TMS): § -106.1 (dd, 1F, J =277, 12 Hz), -108.8 (dd, 1F, J =277, 14 Hz), -112.1; MS
(ESD) miz (%): 421.3 (100) [M+Na]; HRMS (MALDI) Calcd. for CyH;7FsN,O,Na*!
(M+Na)" requires 421.1136, Found: 421.1134. Enantiomeric excess was determined by HPLC
with a Chiralcel OD-H column (hexane/iPrOH = 80/20, 0.7 mL/min, 230 nm, #n0r = 15.08
Min, tgior = 17.47 min; [a]*’p = +22.2 (¢ 0.85, CHCl3), 93 % ee).
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N-(2,2-difluoro-3-0xo0-3-phenyl-1-p-tolylpropyl)benzohydrazide (3e).

BZHN‘NH o

(7 U

A pale yellow oil (73%, 29 mg); IR (acetone): v 3294, 3061, 3030, 2923, 2860, 1779, 1706,
1648, 1598, 1579, 1515, 1449, 1309, 1283, 1183, 1126, 1068, 1026, 925 cm™; 'H NMR (300
MHz, CDCl;, TMS): § 2.33 (s, 3H, CH3), 4.96 (t, 1H, J=13.5 Hz, NH), 5.44 (d, IH, J= 5.1
Hz, CH), 7.15 (d, 2H, J = 7.8 Hz, ArH), 7.35-7.51 (m, 7H, ArH), 7.57 (d, 3H, J = 6.9 Hz,
ArH), 7.63 (d, 1H, J = 4.8 Hz, BzNH), 7.97 (d, 2H, J = 7.5 Hz, ArH); >C NMR (75 MHz,
CDClIs, TMS): 6 21.2, 66.5 (dd, Jor = 21.3, 2.4 Hz), 118.2 (t, Jc.r = 302.0 Hz), 126.8, 128.6,
129.3 (d, Jor = 3.2 Hz), 129.7, 130.0 (t, Jor = 3.5 Hz), 132.0, 132.2, 132.6, 134.3, 139.1,
167.3, 189.7 (t, Jer = 29.5 Hz); "’F NMR (282 MHz, CDCls, TMS): & -111.7 (dd, 1F, J =277,
13 Hz), -114.0 (dd, 1F, J = 277, 14 Hz); MS (ESI) m/z (%): 395 (100) [M'+1]; HRMS
(MALDI) Calcd. for C23H21F2N202+1(M++1) requires 395.1574, Found: 395.1565.
Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (hexane/iPrOH
= 80/20, 0.7 mL/min, 230 NM, #,ier = 19.67 Min, tygjorr = 23.60 min; [a]*’p = +37.8 (¢ 1.50,
CHCl3), 92 % ee).

Me

N-(2,2-difluoro-1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3f).

BZHN‘NH o

(7 U

A pale yellow oil (87%, 36 mg); IR (acetone): v 3298, 3065, 3003, 2958, 2934, 2838, 1775,
1709, 1642, 1612, 1580, 1514, 1449, 1363, 1306, 1253, 1179, 1125, 1072, 1027, 925 cm™; 'H
NMR (300 MHz, CDCls, TMS): & 3.78 (s, 3H, OCH3), 4.99 (dt, 1H, J = 14.4, 1.8 Hz, NH),
541 (d, 1H, J = 4.5 Hz, CH), 6.85 (d, 2H, J = 8.7 Hz, ArH), 7.35-7.50 (m, 7H, ArH),
7.55-7.60 (m, 3H, ArH), 7.69 (d, 1H, J = 6.0 Hz, BzNH), 7.96 (d, 2H, J = 7.2 Hz, ArH); °C
NMR (75 MHz, CDCls, TMS): § 55.2, 66.1 (dd, Je.r = 22.9, 21.0 Hz), 113.9, 119.2 (t, Jer =
130.2 Hz), 124.6 (d, Je.r = 2.7 Hz), 126.8, 128.6, 130.0 (t, Jo.r = 3.4 Hz), 130.7, 131.9, 132.2,

MeO
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132.5, 134.2, 160.1, 167.3, 189.7 (t, Jer = 28.3 Hz); ’F NMR (282 MHz, CDCls, TMS): &
-112.0 (dd, 1F, J =292, 14 Hz), -113.9 (dd, 1F, J =292, 13 Hz); MS (ESI) m/z (%): 411 (100)
[M™+1]; HRMS (MALDI) Calcd. for Cy3Hy FoNoOs™(M™+1) requires 411.1520, Found:
411.1515. Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column
(hexane/iPrOH = 85/15, 0.6 mL/min, 214 nm, fyiner = 34.63 Min, Lo = 36.93 min; [a]*p =
+50.1 (c 1.50, CHCl3), 94 % ee).

N-(2,2-difluoro-1-(4-nitrophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3g).

BzHN.
NH O

e
O,N

A pale yellow solid, m.p. 130-133 °C; (79%, 33 mg); IR (CH,Cly): v 3294, 3065, 2925,
1924, 1818, 1698, 1650, 1599, 1579, 1522, 1465, 1449, 1346, 1310, 1279, 1209, 1182, 1126,
1068, 1027, 1016, 975, 907 cm™; "H NMR (400 MHz, CDCls, TMS): & 5.18 (t, 1H, J=12.0
Hz, CH), 5.57 (br, 1H, NH), 7.35 (t, 2H, J = 8.0 Hz, ArH), 7.43-7.49 (m, 3H, ArH), 7.55-7.57
(m, 2H, ArH), 7.62 (t, 1H, J = 7.2 Hz, ArH), 7.70 (d, 2H, J = 8.0 Hz, ArH), 7.94 (d, 1H, J =
4.8 Hz, BZzNH), 8.01 (d, 2H, J = 8.0 Hz, ArH), 8.15 (d, 2H, J = 8.0 Hz, ArH); >*C NMR (100
MHz, CDCls, TMS): & 65.6 (dd, Je.r = 23.7, 20.6 Hz), 116.7 (t, Jer = 261.0 Hz), 123.5, 126.8,
128.6, 128.8, 129.9 (t, Jor = 4.3 Hz), 130.7, 131.7, 132.0, 132.2, 134.7, 140.3, 148.2, 167.8,
188.7 (t, Jor = 28.8 Hz); ’F NMR (376 MHz, CDCl;, TMS):  -104.3 (dd, 1F, J = 287, 11
Hz), -109.1 (dd, 1F, J = 287, 16 Hz); MS (ESI) m/z (%): 448.4 (100) [M+Na]"; HRMS
(MALDI) Calcd. for CyH;7FaN3O4Na™ (M+Na)™ requires 448.1080, Found: 448.1079.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH
=70/30, 0.7 mL/min, 230 nm, tyier = 15.68 min, o = 21.75 min; [a]*’p = +31.7 (¢ 1.05,
CHCl3), 90 % ee).

N-(1-(4-cyanophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3h).
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BzHN._
NH o

(7
NC

A pale yellow oil (67%, 27 mg); IR (CH,Cl,): v 3296, 3061, 2925, 2854, 2230, 1969, 1920,
1818, 1698, 1651, 1598, 1579, 1504, 1465, 1450, 1417, 1308, 1266, 1209, 1184, 1126, 1067,
1025, 1001, 925, 907 cm™; '"H NMR (400 MHz, CDCls;, TMS): & 5.12 (td, 1H, J=11.2, 3.2
Hz, CH), 5.52 (dd, 1H, J = 6.0, 3.2 Hz, NH), 7.38 (t, 2H, J = 7.2 Hz, ArH), 7.43-7.51 (m, 3H,
ArH), 7.55 (dd, 2H, J = 7.6, 1.2 Hz, ArH), 7.60-7.66 (m, SH, ArH), 7.90 (d, 1H, J = 6.0 Hz,
BzNH), 8.00 (d, 2H, J = 7.6 Hz, ArH); >C NMR (100 MHz, CDCl;, TMS): & 65.9 (dd, Je.y =
23.9, 20.5 Hz), 112.9, 116.7 (t, Jcr = 260.6 Hz), 118.3, 126.8, 128.6, 128.8, 130.0 (t, Jor =
3.6 Hz), 130.5, 131.7, 132.0, 132.1, 132.2, 134.7, 138.4, 167.7, 188.8 (t, Jcr = 29.3 Hz); °F
NMR (376 MHz, CDCl3, TMS): 6 -104.5 (dd, 1F, J =286, 12 Hz), -109.1 (dd, 1F, J =286, 15
Hz); MS (ESI) m/z (%): 4284 (100) [M+Na]; HRMS (MALDI) Calcd. for
C23H17F2N302Na+1 (MJrNa)+ requires 428.1184, Found: 428.1181. Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column (hexane/iPrOH = 70/30, 0.6 mL/min,
214 0, Lyinor = 22.74 MiN, Lygjor = 28.87 min; [a]*’p = +55.1 (¢ 1.00, CHCl3), 91 % ee).

N-(2,2-difluoro-3-o0xo0-3-phenyl-1-(4-(trifluoromethyl)phenyl)propyl)benzohydrazide (3i).

A colorless solid, m.p. 128-131 °C; (69%, 31 mg); IR (CH,Cl): v 3376, 3242, 3066, 2925,
1920, 1821, 1696, 1671, 1660, 1597, 1580, 1515, 1450, 1423, 1325, 1296, 1270, 1216, 1157,
1121, 1068, 1020, 957, 926, 906 cm™; 'H NMR (400 MHz, CDCls, TMS): & 5.11 (td, 1H, J =
14.0, 2.0 Hz, CH), 5.51 (br, 1H, NH), 7.33 (t, 2H, J = 7.6 Hz, ArH), 7.40-7.48 (m, 3H, ArH),
7.53-7.64 (m, 7H, ArH), 7.92 (d, 1H, J = 5.6 Hz, BzNH), 7.97 (d, 2H, J = 7.6 Hz, ArH); "°C
NMR (100 MHz, CDCls, TMS): & 66.0 (dd, Jer = 24.1, 21.0 Hz), 116.9 (t, Je.r = 257.6 Hz),
123.7 (q, Je.r = 270.8 Hz), 125.4 (q, Jer = 3.7 Hz), 126.8, 128.6, 128.7, 130.0 (t, Jor = 3.6
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Hz), 130.1, 131.0 (q, Je.r = 32.5 Hz), 131.8, 132.1, 134.6, 137.0, 167.7, 189.1 (t, Jcr = 28.9
Hz); "’F NMR (376 MHz, CDCls, TMS): & -62.8, -104.8 (dd, 1F, J = 283, 12 Hz), -108.9 (dd,
1F, J = 283, 15 Hz); MS (ESI) m/z (%): 471.4 (100) [M+Na]"; HRMS (MALDI) Calcd. for
Cy3H;7FsN,O,Na™ (M+Na)" requires 471.1104, Found: 471.1102. Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH = 80/20, 0.6 mL/min,
230 N, Zyinor = 15.60 Min, Zygior = 18.92 min; [a]*’p = +21.6 (¢ 0.95, CHCl3), 90 % ee).

N-(1-(3-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3j).

NHBz
HN O

7 U

Cl

A pale yellow oil (71%, 29 mg); IR (acetone): v 3303, 3066, 3003, 2922, 1968, 1908, 1818,
1779, 1715, 1638, 1598, 1579, 1528, 1449, 1361, 1309, 1282, 1220, 1186, 1055, 1027, 1001,
933,910 cm™; 'H NMR (300 MHz, CDCls, TMS): & 5.00 (dt, 1H, J = 11.4, 1.8 Hz, NH), 5.45
(d, 1H, J = 3.9 Hz, CH), 7.26-7.31 (m, 3H, ArH), 7.34-7.41 (m, 3H, ArH), 7.43-7.46 (m, 2H,
ArNH), 7.48-7.62 (m, 4H, ArH), 7.77 (d, 1H, J = 5.7 Hz, BzNH), 7.98 (d, 2H, J = 7.2 Hz,
ArH); *C NMR (75 MHz, CDCls, TMS): & 66.0 (dd, Jer = 23.5, 20.6 Hz), 116.9 (t, Jer =
255 Hz), 126.8, 127.9, 128.6, 128.7, 129.3, 129.6, 129.8, 130.0 (t, Jc.r = 3.3 Hz), 131.9, 132.0,
132.3 (t, Jor = 2.6 Hz), 134.4, 134.5, 134.9 (d, Jc.r = 2.6 Hz), 167.6, 189.2 (t, Jc.r = 28.3 Hz);
F NMR (282 MHz, CDCl3, TMS): & -110.8 (dd, 1F, J= 280, 11 Hz), -114.5 (dd, 1F, J = 280,
16 Hz); MS (ESI) m/z (%): 415 (100) [M'+1]; HRMS (MALDI) Calcd. for
C22H17C1F2N202H(M++1) requires 415.1026, Found: 415.1019. Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH = 90/10, 0.7 mL/min,
214 1M, Lyinor = 23.63 MiN, Lygjorr = 26.93 min; [a]*’p = +33.3 (¢ 1.55, CHCl3), 94 % ee).

N-(2,2-difluoro-1-(naphthalen-1-yl)-3-o0xo0-3-phenylpropyl)benzohydrazide (3k).
NHBz

|lii HN O
(J 7 U
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A yellow oil (69%, 29 mg); IR (acetone): v 3292, 3062, 2925, 1919, 1779, 1704, 1656, 1598,
1579, 1514, 1468, 1449, 1362, 1310, 1277, 1184, 1125, 1069, 1028, 908 cm™; 'H NMR (300
MHz, CDCl;, TMS): 6 5.56 (br, 1H, CH), 5.92 (t, 1H, J = 12.0 Hz, NH), 7.29-7.36 (m, 4H,
ArH), 7.40-7.54 (m, 7H, ArH), 7.82-7.89 (m, 6H, ArNH), 8.15 (br, 1H, BzZNH); *C NMR (75
MHz, CDCls, TMS): 6 60.5 (dd, Jcr =22.9, 21.2 Hz), 117.9 (t, Jo.r = 258.1 Hz), 124.9, 125.7,
126.7, 126.8, 128.4, 128.5, 128.7, 128.9, 129.8, 129.9 (t, Jor = 3.4 Hz), 131.9, 132.0, 132.2,
132.6, 133.7, 134.2, 167.5, 189.9 (t, Je.r = 43.0 Hz); ’F NMR (282 MHz, CDCls;, TMS): &
-109.1 (dd, 1F, J =274, 8 Hz), -113.1 (dd, 1F, J =274, 11 Hz); MS (ESI) m/z (%): 431 (100)
[M™+1]; HRMS (MALDI) Caled. for CysHy FoN,O,"(M™+1) requires 431.1570, Found:
431.1565. Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column
(hexane/iPrOH = 70/30, 0.6 mL/min, 214 nm, tinor = 18.49 min, t,40r = 13.97 min; [oc]ZOD =
-9.5 (¢ 1.05, CHCIl3), 91 % ee).

N-(2,2-difluoro-1-(naphthalen-2-yl)-3-0xo0-3-phenylpropyl)benzohydrazide (31).

A pale yellow oil (72%, 31 mg); IR (CH,Cl,): v 3293, 3059, 2925, 2852, 1919, 1817, 1698,
1657, 1599, 1580, 1510, 1450, 1372, 1309, 1266, 1184, 1121, 1068, 1027, 1001, 963, 909
cm™; "H NMR (400 MHz, CDCls, TMS): & 5.20 (td, 1H, J = 14.0, 2.4 Hz, CH), 5.59 (dd, 1H,
J=6.0, 2.4 Hz, NH), 7.28 (t, 2H, J = 8.0 Hz, ArH), 7.34-7.47 (m, 5H, ArH), 7.51-7.53 (m,
3H, ArH), 7.61 (d, 1H, J = 8.0 Hz, BzZNH), 7.74-7.80 (m, 3H, ArH), 7.88-7.96 (m, 4H, ArH);
BC NMR (100 MHz, CDCls, TMS): & 66.6 (dd, Jer = 23.8, 21.2 Hz), 117.4 (t, Jo.r = 257.0
Hz), 126.2, 126.5, 126.6, 126.8, 127.6, 128.1, 128.3, 128.5, 128.6, 129.5, 130.0 (t, Jcr = 3.9
Hz), 130.2, 131.9, 132.1, 132.4, 132.9, 133.5, 134.3, 167.5, 189.5 (t, Jo.r = 28.4 Hz); "’F NMR
(376 MHz, CDCls, TMS): 6 -105.3 (dd, 1F, J =277, 12 Hz), -108.0 (dd, 1F, J =277, 15 Hz);
MS (ESI) m/z (%): 453.5 (100) [M+Na]"; HRMS (MALDI) Calcd. for CasHaoF,N,O,Na'
(M+Na)" requires 453.1384, Found: 453.1385. Enantiomeric excess was determined by HPLC
with a Chiralcel IC-H column (hexane/iPrOH = 80/20, 0.6 mL/min, 230 nm, %, = 25.58
Min, fygjorr = 23.68 min; [a]*’p = +56.3 (¢ 0.85, CHCl3), 94 % ee).

N-(2,2-difluoro-1-(furan-2-yl)-3-oxo-3-phenylpropyl)benzohydrazide (3m).
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NHBz
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~
\_o FF

A pale yellow oil (77%, 26 mg); IR (acetone): v 3293, 3063, 2926, 2285, 1969, 1911, 1707,
1648, 1598, 1580, 1534, 1450, 1311, 1279, 1201, 1185, 1128, 1062, 1027, 1001, 917, 809
cm™; '"H NMR (300 MHz, CDCls, TMS): & 5.15 (dt, 1H, J=10.2, 3.0 Hz, NH), 5.59 (br, 1H,
CH), 6.35 (dd, 1H, J = 3.3, 1.8 Hz, ArH), 6.50 (d, 1H, J = 3.3 Hz, ArH), 7.37-7.52 (m, 6H,
ArH), 7.59-7.76 (m, 3H, ArH), 7.77 (d, 1H, J = 3.6 Hz, BzZNH), 8.03 (d, 2H, J = 8.1 Hz, ArH);
BC NMR (75 MHz, CDCls, TMS): & 60.6 (dd, Jer = 24.2, 22.1 Hz), 110.7, 111.3, 120.1 (t,
Jer = 261 Hz), 126.9, 128.7, 130.0 (t, Jor = 3.5 Hz), 132.0, 132.2 (t, Jor = 3.8 Hz), 134.4,
143.4, 146.3 (d, Jor = 3.5 Hz), 167.4, 189.1 (t, Jor = 28.7 Hz); "’F NMR (282 MHz, CDCls,
TMS): § -109.6 (dd, 1F, J = 282, 10 Hz), -114.5 (dd, 1F, J = 282, 16 Hz); MS (ESI) m/z (%):
371 (100) [M*+1]; HRMS (MALDI) Calcd. for CaoH7FoN,0;5 (M ™+1) requires 371.1213,
Found: 371.1202. Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H
column (hexane/iPrOH = 70/30, 0.6 mL/min, 214 nm, tyinor = 24.22 min, tygjor = 21.96 min;
[a]*p =+16.7 (¢ 1.35, CHCl3), 57 % ee).

N-(2,2-difluoro-3-oxo-3-phenyl-1-(thiophen-2-yl)propyl)benzohydrazide (3n).

BzHN.
Z"NSNH o
~
\_g F F

A pale yellow oil (59%, 23 mg); IR (CH,Cl,): v 3293, 3063, 2925, 2854, 1818, 1698, 1650,
1598, 1580, 1524, 1462, 1450, 1309, 1276, 1208, 1179, 1122, 1064, 1027, 1001, 974, 920,
908 cm™; "H NMR (400 MHz, CDCls, TMS): & 5.37 (td, 1H, J = 14.0, 2.8 Hz, CH), 5.50 (dd,
1H, J = 6.0, 2.8 Hz, NH), 6.97 (dd, 1H, J = 4.8, 2.8 Hz, ArH), 7.17 (d, 1H, J = 2.8 Hz, ArH),
7.32-7.49 (m, 6H, ArH), 7.59 (d, 3H, J = 7.2 Hz, ArH), 7.83 (d, 1H, J = 6.0 Hz, BzZNH), 7.99
(d, 2H, J = 7.2 Hz, ArH); *C NMR (100 MHz, CDCls, TMS): & 62.0 (dd, Jor = 23.7, 21.8
Hz), 116.7 (t, Jo.r = 259.7 Hz), 126.8, 126.9, 127.2, 128.6, 128.7, 129.4, 129.9 (t, Jor = 3.4
Hz), 132.0, 132.3, 133.9, 134.4, 167.6, 189.2 (t, Jc.r = 28.4 Hz); '’F NMR (376 MHz, CDCls,
TMS): § -105.6 (dd, 1F, J = 278, 12 Hz), -108.6 (dd, 1F, J =278, 13 Hz); MS (ESI) m/z (%):
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409.4 (100) [M+Na]"; HRMS (MALDI) Caled. for CaoH;F2N,0,SNa™ (M+Na)™ requires
409.0790, Found: 409.0793. Enantiomeric excess was determined by HPLC with a Chiralcel
OD-H column (hexane/iPrOH = 70/30, 0.7 mL/min, 230 nm, s = 11.05 min, tgjor = 15.27
min; [O(.]zo[) =+433.0 (¢ 0.25, CHCI3), 90 % ee).

N-(2,2-difluoro-3-oxo-3-phenyl-1-(thiophen-3-yl)propyl)benzohydrazide (30).

BZHN.
C T ¥
s

A pale yellow oil (79%, 30 mg); IR (CH,Cl,): v 3292, 3060, 2926, 1818, 1698, 1653, 1598,
1579, 1522, 1450, 1310, 1266, 1201, 1184, 1159, 1126, 1067, 1027, 1001, 912 cm™'; 'H NMR
(400 MHz, CDCls, TMS): & 5.15 (td, 1H, J = 13.6, 1.6 Hz, CH), 5.38 (br, 1H, NH), 7.21-7.22
(m, 1H, ArH), 7.27-7.29 (m, 1H, ArH), 7.33-7.42 (m, 5SH, ArH), 7.47 (t, IH, J= 7.2 Hz, ArH),
7.56-7.59 (m, 3H, ArH and BzNH), 7.93 (d, 2H, J = 7.2 Hz, ArH); °C NMR (100 MHz,
CDCls, TMS): & 62.3 (dd, Jer = 24.0, 21.0 Hz), 117.2 (t, Jer = 257.0 Hz), 126.0, 126.1,
126.8, 127.9, 128.5, 128.6, 129.9 (t, Jor = 4.3 Hz), 131.9, 132.1, 132.4, 133.0, 134.3, 167.4,
189.5 (t, Jor = 28.7 Hz); ’F NMR (376 MHz, CDCls;, TMS): & -106.1 (dd, 1F, J = 275, 12
Hz), -108.2 (dd, 1F, J = 275, 14 Hz); MS (ESI) m/z (%): 409.3 (100) [M+Na]"; HRMS
(MALDI) Calcd. for Cz()HszNzOzSNaJr1 (MJrNa)+ requires 409.0790, Found: 409.0793.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH
= 70/30, 0.7 mL/min, 230 nm, tyiner = 11.60 min, o = 17.60 min; [a]*’p = +21.5 (¢ 0.75,
CHCl3), 94 % ee).

N-(2,2-difluoro-1-oxo-1-phenyldecan-3-yl)benzohydrazide (3p).
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A colorless oil (53%, 21 mg); IR (CH,ClL,): v 3299, 3064, 3032, 2955, 2927, 2856, 1968,
1817, 1698, 1644, 1599, 1579, 1526, 1450, 1377, 1347, 1309, 1284, 1249, 1180, 1120, 1071,
1027, 1002, 908 cm™; '"H NMR (400 MHz, CDCl;, TMS): § 0.87 (t, 3H, J = 6.8 Hz, CH3),
1.27-1.39 (m, 8H, CH), 1.52-1.83 (m, 4H, CH), 3.69 (td, 1H, J = 12.4, 6.4 Hz, CH), 5.09 (d,
1H, J = 6.8 Hz, NH), 7.37 (t, 2H, J = 7.6 Hz, ArH), 7.46 (t, 3H, J = 7.6 Hz, ArH), 7.57-7.62
(m, 5H, ArH), 7.74 (d, 1H, J = 7.2 Hz, BzNH), 8.08 (d, 2H, J = 8.0 Hz, ArH); >C NMR (100
MHz, CDCl;, TMS): 6 14.0, 22.5, 26.0, 26.3 (t, Jc.r = 3.5 Hz), 28.9, 29.5, 31.7, 63.7 (dd, Jcr
=24.2,20.6 Hz), 118.6 (t, Jor = 254.2 Hz), 126.8, 128.5, 128.7, 129.9 (t, Jcr = 3.7 Hz),
131.9, 132.2, 134.3, 167.0, 190.4 (t, Jer = 29.0 Hz); ’F NMR (376 MHz, CDCls, TMS): &
-105.1 (dd, 1F, J =277, 10 Hz), -111.6 (dd, 1F, J = 277, 17 Hz); MS (ESI) m/z (%): 425.4
(100) [M+Na]"; HRMS (MALDI) Calcd. for C3HagF,N,0,Na™ (M+Na)" requires 425.2023,
Found: 425.2021. Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H
column (hexane/iPrOH = 98/2, 0.8 mL/min, 214 nm, tyine- = 27.57 min, tygor = 33.42 min;
[0]*’p =-18.0 (¢ 0.55, CHCl3), 60 % ee).

N-(1-cyclohexyl-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3q).

A colorless oil (52%, 20 mg); IR (CH,Cl,): v 3225, 3058, 2924, 2854, 1972, 1816, 1699,
1640, 1609, 1573, 1529, 1501, 1479, 1448, 1403, 1368, 1348, 1318, 1301, 1265, 1218, 1183,
1153, 1105, 1073, 1051, 1027, 1003, 968, 949, 916 cm™'; '"H NMR (400 MHz, CDCl;, TMS):
§ 1.48-1.77 (m, 4H, CH), 1.86-1.90 (m, 3H, CH), 2.05-2.08 (m, 1H, CH), 3.38-3.45 (m, 1H,
CH), 3.48-3.57 (m, 1H, CH), 4.43 (d, 1H, J = 13.6 Hz, CH), 5.22 (br, 1H, NH), 7.33-7.45 (m,
5H, ArH), 7.49-7.51 (m, 1H, ArH), 7.56 (d, 1H, J = 7.8 Hz, ArH), 7.66 (d, 1H, J = 2.0 Hz,
BzNH), 7.75 (d, 1H, J = 7.2 Hz, ArH), 8.03 (d, 1H, J = 7.8 Hz, ArH); >*C NMR (100 MHz,
CDCls, TMS): & 14.2,25.4 (d, Je.r = 14.3 Hz), 26.0 (d, Jor = 11.5 Hz), 26.4 (d, Jer = 24.0
Hz), 28.5 (d, Jer = 9.3 Hz), 30.7, 34.7, 36.9, 65.7 (t, Jor = 23.2 Hz), 67.8 (dd, Jer = 23.2,
19.7 Hz), 119.5 (t, Jor = 255.5 Hz), 126.2, 126.8, 127.8, 128.4, 128.6, 128.7, 129.0, 129.1,
130.0 (t, Jo.r = 2.6 Hz), 131.4, 131.9, 132.3, 133.8, 134.2, 135.8, 166.5, 172.1, 190.8 (t, Je.r =
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29.3 Hz); "’F NMR (376 MHz, CDCls, TMS): § -102.8 (dd, 1F, J=276, 9 Hz), -108.0 (dd, 1F,
J = 276, 19 Hz); MS (ESI) m/z (%): 409.4 (100) [M+Na]"; HRMS (MALDI) Calcd. for
CaHyFaN,O,Na™! (M+Na)+ requires 409.1704, Found: 409.1698. Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH = 90/10, 0.5 mL/min,
230 M, Lyinor = 27.93 MiN, Lygjorr = 21.87 min; [a]*’p = -30.8 (¢ 0.50, CHCl3), 78 % ee).

N-(1-(2-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3r).

A pale yellow oil (43%, 18 mg); IR (acetone): v 3291, 3065, 1968, 1901, 1818, 1780, 1703,
1648, 1598, 1579, 1528, 1475, 1449, 1362, 1308, 1282, 1181, 1128, 1070, 1028, 1001, 926,
901 cm™; "H NMR (300 MHz, CDCls, TMS): & 5.52 (br, 1H, NH), 5.66 (dd, 1H, J=18.6, 7.5
Hz, CH), 7.29-7.48 (m, 8H, ArH), 7.50-7.63 (m, 4H, ArH), 7.77 (d, 1H, J = 7.5 Hz, BzZNH),
8.07 (d, 2H, J= 7.5 Hz, ArH); >C NMR (75 MHz, CDCls, TMS): & 62.1 (dd, Jc.r = 24.9, 20.6
Hz), 117.1 (t, Jcr = 255 Hz), 126.8, 127.0, 128.5, 128.7, 129.7, 130.0 (t, Jc.r = 3.4 Hz), 130.2,
131.0, 131.9, 132.0, 132.2, 134.4, 135.5, 167.4, 189.2 (t, Jor = 27.9 Hz); "’F NMR (282 MHz,
CDClI3, TMS): 6 -109.3 (dd, 1F, J =276, 7.6 Hz), -116.6 (dd, 1F, J =276, 18 Hz); MS (ESI)
miz (%): 415 (100) [M+1]; HRMS (MALDI) Calcd. for C2,H;7CIF,N,0, " (M ™+1) requires
415.1032, Found: 415.1019. Enantiomeric excess was determined by HPLC with a Chiralcel
IC-H column (hexane/iPrOH = 70/30, 0.6 mL/min, 214 nm, t,inor = 15.36 min, fygjor = 13.55
min; [a]*p =-8.4 (¢ 1.15, CHCL3), 75 % ee).

N-(2,2-difluoro-1-(3-nitrophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3s).

BzHN.

ZSNH o
(TP
NO,
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A yellow oil (60%, 25 mg); IR (CH,Cl,): v 3293, 3065, 2956, 2924, 2854, 1970, 1913, 1819,
1698, 1650, 1598, 1580, 1530, 1464, 1450, 1399, 1350, 1308, 1281, 1188, 1161, 1129, 1182,
1066, 1027, 1002, 973, 908 cm™; 'H NMR (400 MHz, CDCl;, TMS): § 5.20 (td, 1H, J=11.2,
3.2 Hz, CH), 5.59 (br, 1H, NH), 7.32 (t, 2H, J = 8.0 Hz, ArH), 7.41-7.61 (m, 7H, ArH), 7.86
(d, 1H, J = 8.0 Hz, BzZNH), 8.00 (d, 2H, J = 8.0 Hz, ArH), 8.15-8.21 (m, 2H, ArH), 8.42 (s,
1H, ArH); >C NMR (100 MHz, CDCls, TMS): 8 65.4 (dd, Jer = 26.0, 24.0 Hz), 116.6 (t, Jcr
=232.3 Hz), 123.9, 124.5, 126.8, 128.5, 128.7, 129.4, 129.9 (t, Jor = 3.4 Hz), 131.6, 131.9,
132.1, 134.6, 135.2, 136.0, 148.0, 167.8, 188.7 (t, Jer = 28.3 Hz); ’F NMR (376 MHz,
CDCls, TMS): & -104.1 (dd, 1F, J = 286, 10 Hz), -109.6 (dd, 1F, J = 286, 11 Hz); MS (ESI)
miz (%): 448.4 (100) [M+Na]"; HRMS (MALDI) Calcd. for CyH, 7FaN304Na™ (M+Na)®
requires 448.1089, Found: 448.1079. Enantiomeric excess was determined by HPLC with a
Chiralcel OD-H column (hexane/iPrOH = 90/10, 0.7 mL/min, 214 nm, 0 = 43.88 min,
tmajorr = 52.98 min; [o]*’p = +16.0 (c 0.20, CHCl3), 62 % ee).

N-(2,2-difluoro-1-oxo-1-phenylhexan-3-yl)benzohydrazide (3t).

A colorless oil (61%, 21 mg); IR (CH,Cly): v 3295, 3064, 2963, 2933, 2874, 1699, 1656,
1643, 1590, 1579, 1530, 1450, 1380, 1308, 1286, 1201, 1183, 1160, 1128, 1056, 1027, 1002,
973, 918 cm™; "H NMR (400 MHz, CDCls, TMS): § 0.99 (t, 3H, J = 7.2 Hz, CH3), 1.58-1.66
(m, 2H, CH,), 1.76-1.80 (m, 2H, CH,), 3.65-3.73 (m, 1H, CH), 5.06 (br, 1H, NH), 7.38 (t, 2H,
J =172 Hz, ArH), 7.45-7.49 (m, 3H, ArH), 7.61 (d, 3H, J = 7.2 Hz, ArH), 7.69 (d, 1H, J = 4.0
Hz, BzNH), 8.09 (d, 2H, J = 7.2 Hz, ArH); '>°C NMR (100 MHz, CDCls, TMS): & 14.0, 19.4,
28.3 (t, Jo.r = 2.1 Hz), 63.5 (dd, Jer = 24.8, 21.6 Hz), 118.7 (t, Jo.r = 258.1 Hz), 126.8, 127.8,
128.3, 128.6, 128.7, 129.0, 129.9 (t, Jer = 3.6 Hz), 131.9, 132.2, 132.6, 134.3, 167.0, 190.5 (t,
Jer =29.0 Hz); "’F NMR (376 MHz, CDCls, TMS): & -105.3 (dd, 1F, J =276, 9 Hz), -111.7
(dd, 1F, J =276, 17 Hz); MS (ESI) m/z (%): 369.4 (100) [M+Na]"; HRMS (MALDI) Calcd.
for CyoH,0F,N,0,Na"! (MJrNa)+ requires 369.1379, Found: 369.1385. Enantiomeric excess
was determined by HPLC with a Chiralcel OJ-H column (hexane/iPrOH = 70/30, 0.6 mL/min,
214 0, tyinor = 8.67 Min, fygjor = 10.11 min; [a]*’p = -13.3 (¢ 1.55, CHCI3), 48 % ee).
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N-(1-cyclopropyl-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3u).

A colorless oil (59%, 20 mg); IR (CH,Cly): v 3294, 3063, 3010, 1969, 1910, 1818, 1779,
1670, 1650, 1598, 1579, 1524, 1450, 1393, 1308, 1278, 1181, 1126, 1066, 1027, 1001, 967,
899 cm™; '"H NMR (400 MHz, CDCls, TMS): & 0.36-0.42 (m, 1H, CH), 0.58-0.77 (m, 3H,
CH), 1.00-1.10 (m, 1H, CH), 2.96 (dd, 1H, J = 12.0, 8.4 Hz, CH), 5.13 (br, 1H, NH), 7.39 (t,
2H, J=17.2 Hz, ArH), 7.44-7.51 (m, 3H, ArH), 7.58-7.64 (m, 3H, ArH), 7.91 (br, 1H, BzNH),
8.08 (d, 2H, J = 8.0 Hz, ArH); >’C NMR (100 MHz, CDCl;, TMS): § 2.9, 4.6, 8.8 (t, Jo.r = 4.7
Hz), 66.4 (t, Jer = 22.0 Hz), 118.8 (t, Jer = 256.0 Hz), 126.8, 128.6, 128.7, 129.9 (t, Joy =
3.2 Hz), 131.9, 132.2, 132.9, 134.2, 167.4, 190.2 (t, Jor = 27.8 Hz); "’"F NMR (376 MHz,
CDCls, TMS): § -107.6 (dd, 1F, J = 268, 13 Hz), -108.7 (dd, 1F, J = 268, 12 Hz); MS (ESI)
miz (%): 367.3 (100) [M+Na]”; HRMS (MALDI) Calcd. for C;oH;sF2N,O,Na™ (M+Na)
requires 367.1228, Found: 367.1228. Enantiomeric excess was determined by HPLC with a
Chiralcel OD-H column (hexane/iPrOH = 80/20, 0.7 mL/min, 230 nm, #n0r = 11.25 min,
tmajorr = 18.07 min; [a]*’p = -15.5 (c 0.45, CHCl3), 35 % ee).

6. Analytical data for Zn(NTf),-catalyzed Mannich-type adducts 5a-5f
N-(2,2-difluoro-3-oxo-1,3-diphenylpropyl)-4-methoxybenzohydrazide (5a).

MeO
T

HN.
NH O
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A pale yellow oil (81%, 33 mg); IR (CHxCly): v 3292, 3063, 2936, 2840, 1968, 1907, 1818,
1777, 1699, 1642, 1606, 1578, 1510, 1494, 1453, 1308, 1255, 1210, 1178, 1123, 1065, 1028,
1002, 907 cm™; '"H NMR (400 MHz, CDCls, TMS): & 3.78 (s, 3H, OCH3), 4.99 (td, 1H, J =
14.0, 1.6 Hz, CH), 5.43 (d, 1H, J = 8.8 Hz, NH), 6.82 (d, 2H, J = 8.8 Hz, ArH), 7.30-7.32 (m,
3H, ArH), 7.39 (t, 2H, J = 8.0 Hz, ArH), 7.45-7.47 (m, 2H, ArH), 7.51-7.57 (m, 3H, ArH),
7.79 (d, 1H, J = 5.6 Hz, BzNH), 7.93 (d, 2H, J = 8.0 Hz, ArH); °C NMR (100 MHz, CDCl;,
TMS): 6 55.3, 66.7 (dd, Jc.r = 23.7, 20.4 Hz), 113.7, 117.4 (t, Jc.r = 261.0 Hz), 124.4, 128.5,
128.6, 128.7, 129.1, 129.5, 129.9 (t, Jc.r = 3.2 Hz), 132.5, 132.8, 134.2, 162.5, 167.1, 189.6 (t,
Jer =28.1 Hz); "’F NMR (376 MHz, CDCls;, TMS): & -105.8 (dd, 1F, J =274, 11 Hz), -108.6
(dd, 1F, J = 274, 14 Hz); MS (ESI) m/z (%): 433.4 (100) [M+Na]"; HRMS (MALDI) Calcd.
for Co3H,F,N,0O;Na ' (M+Na)Jr requires 433.1342, Found: 433.1334. Enantiomeric excess
was determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH = 80/20, 0.7
mL/min, 214 nM, yiner = 18.81 Min, Lygior = 27.63 min; [a]*’p = +37.3 (¢ 0.45, CHCl3), 94 %

ee).

N-(2,2-difluoro-3-oxo-1,3-diphenylpropyl)-4-nitrobenzohydrazide (Sb).

O,N
T
HN.
NH O
LS

A yellow solid, m.p. 137-139 °C; (59%, 25 mg); IR (CH,Cly): v 3323, 3298, 3106, 3071,
3034, 2925, 2854, 1690, 1677, 1598, 1579, 1520, 1493, 1482, 1450, 1405, 1346, 1325, 1296,
1263, 1197, 1178, 1123, 1108, 1090, 1072, 1030, 1001, 975, 927, 906 cm™; '"H NMR (400
MHz, CDCls, TMS): & 5.01 (t, 1H, J = 12.0 Hz, CH), 5.51 (d, 1H, J = 4.0 Hz, NH), 7.36-7.49
(m, 7H, ArH), 7.60 (t, 1H, J = 7.6 Hz, ArH), 7.73 (d, 2H, J = 8.4 Hz, ArH), 7.85 (d, 2H, J =
5.2 Hz, BzNH), 7.94 (d, 2H, J = 7.6 Hz, ArH), 8.22 (d, 2H, J = 8.4 Hz, ArH); *C NMR (100
MHz, CDCls, TMS): & 66.5 (dd, Je.r = 23.3, 21.1 Hz), 117.3 (t, Jo.r = 259.1 Hz), 123.9, 128.1,
128.7, 128.8, 129.4, 129.5, 130.1 (t, Jor = 3.3 Hz), 132.4, 132.5, 134.5, 137.8, 149.9, 165.4,
189.7 (t, Jor = 24.5 Hz); "F NMR (376 MHz, CDCl;, TMS): & -104.9 (dd, 1F, J = 280, 12
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Hz), -108.1 (dd, 1F, J = 280, 15 Hz); MS (ESI) m/z (%): 448.4 (100) [M+Na]’; HRMS
(MALDI) Caled. for CyH;FoN3O4Na™ (M+Na)™ requires 448.1083, Found: 448.1079.
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column (hexane/iPrOH
= 70/30, 0.5 mL/min, 214 nm, tyie = 57.61 Min, fugor = 70.23 min; [a]*’p = +19.8 (¢ 0.75,
CHCl3), 92 % ee).

4-bromo-N-(1-(4-bromophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (5c¢).

Br
U
HN.
NH O
71
Br

A pale yellow solid, m.p. 139-142 °C; (41%, 22 mg); IR (CH,Cl,): v 3399, 3337, 3276, 3071,
2924, 2853, 1924, 1819, 1785, 1696, 1675, 1593, 1568, 1549, 1503, 1471, 1450, 1408, 1311,
1362, 1276, 1203, 1184, 1120, 1105, 1072, 1030, 1011, 925, 901 cm™; '"H NMR (400 MHz,
CDCl;, TMS): 6 4.97 (t, 1H, J=12.0 Hz, CH), 5.43 (d, 1H, J = 2.4 Hz, NH), 7.34 (d, 2H, J =
8.4 Hz, ArH), 7.41-7.50 (m, 7H, ArH), 7.60 (tt, 1H, J= 7.6, 0.8 Hz, ArH), 7.83 (d, 1H, J=5.6
Hz, BzNH), 7.95 (d, 2H, J = 7.6 Hz, ArH); >C NMR (100 MHz, CDCl;, TMS): & 65.8 (dd,
Jor=23.7,20.2 Hz), 116.9 (t, Jor = 258.5 Hz), 123.5, 126.9, 128.4, 128.7, 130.0 (t, Jc.r = 3.5
Hz), 130.8, 131.2, 131.8, 131.9, 134.6, 166.7, 189.2 (t, Je.r = 28.9 Hz); '°F NMR (376 MHz,
CDCl;, TMS): 6 -105.1 (dd, 1F, J =280, 11 Hz), -108.8 (dd, 1F, J = 280, 15 Hz); MS (ESI)
miz (%): 537.3 (100) [M+H]"; HRMS (MALDI) Calcd. for CaH;¢BrFoN,O.H™ (M+H)
requires 536.9615, Found: 536.9619. Enantiomeric excess was determined by HPLC with a
Chiralcel OD-H column (hexane/iPrOH = 80/20, 0.7 mL/min, 214 nm, i = 15.64 min,
tmajorr = 23.08 min; [a]*’p = +56.0 (c 0.20, CHCl3), 95 % ee).

N-(2,2-difluoro-3-oxo0-1,3-diphenylpropyl)biphenyl-4-carbohydrazide (5d).
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9

HN.
NH O
71

A white solid, m.p. 142-145 °C; (72%, 33 mg); IR (CH,Cl,): v 3307, 3262, 3062, 3032, 2925,
2853, 1966, 1925, 1817, 1703, 1629, 1608, 1598, 1580, 1529, 1495, 1448, 1402, 1308, 1267,
1223, 1210, 1186, 1125, 1050, 1006, 972, 901 cm™; "H NMR (400 MHz, CDCl;, TMS): &
5.03 (t, 1H, J = 12.8 Hz, CH), 5.49 (d, 1H, J = 4.8 Hz, NH), 7.34-7.46 (m, 8H, ArH), 7.50 (t,
2H, J = 3.6 Hz, ArH), 7.56 (d, 2H, J = 5.2 Hz, ArH), 7.58 (d, 2H, J = 5.2 Hz, ArH), 7.63 (d,
2H, J = 8.4 Hz, ArH), 7.73 (br, 1H, BzNH), 7.96 (d, 2H, J = 7.6 Hz, ArH); >C NMR (100
MHz, CDCls, TMS): 8 66.7 (dd, Jcr = 22.8, 20.2 Hz), 117.4 (t, Jep = 257.3 Hz), 127.1, 127.2,
127.3, 128.1, 128.6, 128.9, 129.2, 129.6, 130.0 (t, Jor = 3.5 Hz), 130.8, 132.6, 132.8, 134.3,
139.8, 144.8, 166.1, 189.7 (t, Jor = 28.8 Hz); "’F NMR (376 MHz, CDCls;, TMS): & -105.8
(dd, 1F, J = 276, 12 Hz), -108.3 (dd, 1F, J = 276, 15 Hz); MS (ESI) m/z (%): 479.5 (100)
[M+Na]”; HRMS (MALDI) Calcd. for CagHxnFoN,O,Na™ (M+Na)™ requires 479.1549,
Found: 479.1542. Enantiomeric excess was determined by HPLC with a Chiralcel AD-H
column (hexane/iPrOH = 70/30, 0.7 mL/min, 230 nm, #in0r = 43.99 min, t,40r = 36.87 min;
[a]*p = +34.0 (¢ 0.60, CHCl3), 96 % ee).

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo-3-p-tolylpropyl)benzohydrazide (Se).
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A yellow oil (81%, 35 mg); IR (CH,Cl,): v 3292, 3062, 3001, 2925, 2856, 1912, 1767, 1695,
1650, 1606, 1580, 1526, 1492, 1466, 1412, 1311, 1284, 1211, 1183, 1127, 1091, 1070, 1027,
1017, 969, 925, 908 cm™; 'H NMR (400 MHz, CDCls, TMS): § 2.37 (s, 3H, CH3), 5.00 (t, 1H,
J=12.0 Hz, CH), 5.45 (br, 1H, NH), 7.19 (d, 2H, J = 8.4 Hz, ArH), 7.27 (d, 2H, J = 8.4 Hz,
ArH), 7.33 (t, 2H, J = 7.2 Hz, ArH), 7.39-7.47 (m, 3H, ArH), 7.54 (d, 2H, J = 8.0 Hz, ArH),
7.86 (d, 2H, J = 8.0 Hz, ArH), 7.93 (d, 2H, J = 3.2 Hz, BzNH); °C NMR (100 MHz, CDCl;,
TMS): 6 21.7, 65.8 (dd, Jcr = 24.6, 21.0 Hz), 117.1 (t, Jcr = 260.0 Hz), 126.8, 128.5, 128.7,
129.4, 129.7, 130.1 (t, Jcr = 3.4 Hz), 130.9, 131.5, 131.9, 132.0, 135.0, 145.7, 167.5, 188.7 (4,
Jer =28.7 Hz); ’F NMR (376 MHz, CDCls, TMS): & -105.5 (dd, 1F, J =279, 12 Hz), -108.9
(dd, 1F, J = 279, 14 Hz); MS (ESI) m/z (%): 451.4 (100) [M+Na]"; HRMS (MALDI) Calcd.
for Cp3H;oCIF,N,O,Na™! (M+Na)+ requires 451.1002, Found: 451.0995. Enantiomeric excess
was determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH = 90/10, 0.7
mL/min, 230 nM, fyinor = 32.32 MiN, Lygiorr = 37.96min; [a]*’p = +39.3 (¢ 0.75, CHCI3), 92 %

ee).

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo-3-(thiophen-2-yl)propyl)benzohydrazide (5f).

Cl

A pale yellow solid, m.p. 137-139 °C; (88%, 37 mg); IR (CH,Cl,): v 3293, 3065, 2925, 2854,
1965, 1908, 1660, 1600, 1580, 1513, 1492, 1464, 1409, 1357, 1309, 1286, 1242, 1208, 1183,
1123, 1090, 1063, 1027, 1016, 972, 908 cm™; 'H NMR (400 MHz, CDCl;, TMS): 6 4.93 (t,
1H, J = 12.8 Hz, CH), 5.37 (br, 1H, NH), 7.12 (t, 1H, J = 4.0 Hz, ArH), 7.30 (d, 2H, J = 8.4
Hz, ArH), 7.36-7.43 (m, 4H, ArH), 7.49 (t, 1H, J = 7.2 Hz, ArH), 7.59 (d, 2H, J = 8.8 Hz,
ArH), 7.75 (d, 2H, J = 5.2 Hz, ArH), 7.85 (d, 1H, J = 2.4 Hz, BzZNH); >C NMR (100 MHz,
CDCls, TMS): & 66.1 (dd, Jor = 23.8, 21.2 Hz), 116.9 (t, Jor = 257.0 Hz), 126.9, 128.6,
128.8, 128.9, 130.8, 131.2, 132.0, 132.1, 135.2, 136.0 (t, Jc.r = 5.5 Hz), 136.9, 138.6, 167.5,
182.4 (t, Je.r = 30.0 Hz); '°F NMR (376 MHz, CDCls, TMS): & -106.6 (dd, 1F, J = 269, 11
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Hz), -110.2 (dd, 1F, J = 269, 14 Hz); MS (ESI) m/z (%): 443.3 (100) [M+Na]"; HRMS
(MALDI) Caled. for CyH;sCIF:N,O-Na™ (M+Na)” requires 443.0409, Found: 43.0403.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (hexane/iPrOH
=90/10, 0.7 mL/min, 230 nM, #,ier = 46.47 Min, tygor = 54.88 min; [a]*’p = +23.1 (c 0.50,
CHCly), 76 % ee).

7. X-ray crystal structure and crystal data of ligand L9 and Mannich-type adduct Sc¢

The crystal data of L9 have been deposited in CCDC with number 785244. Empirical
Formula: CssH43C1oN,O,PS; Formula Weight: 897.84; Crystal Color, Habit: colorless,
prismatic; Crystal Dimensions: 0.397 x 0.365 x 0.258 mm; Crystal System: Orthorhombic;
Lattice Type: Primitive; Lattice Parameters: a = 13.5209(9)A, b = 16.5318(12)A, ¢ =
41.077(3)A, o =90°, B =90°, y = 90°, V = 9181.8(11)A*; Space group: C222(1); Z = 8; D =
1.299 g/cm3; Fooo = 3744, Diffractometer: Bruker Smart CCD; Residuals: R; Rw: 0.0472,
0.0976.
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The crystal data of 5S¢ have been deposited in CCDC with number 798183. Empirical
Formula: C;H¢Br,FaN>O; Formula Weight: 538.19; Crystal Color, Habit: colorless,
prismatic; Crystal System: Monoclinic; Lattice Type: Primitive; Lattice Parameters: a =
12.2490(4)A, b = 5.5446(19)A, ¢ = 16.2080(6)A, o = 90°, B = 104.895(4)°, v = 90°, V =
1063.8(6)A3; Space group: P2(1); Z = 2; Dege = 1.680 g/cm3; Fooo = 532; Diffractometer:
Bruker Smart CCD; Residuals: R; Rw: 0.0519, 0.1386.
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8. 'H NMR and *P NMR spectroscopic studies of the potential active species
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Figure SI-2. 'H NMR and *'P NMR spectroscopic studies of the potential active specie in the
catalytic enantioselective difluorination.
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10. NMR and HPLC data for Zn(NTf3),-catalyzed Mannich-type adducts 3a-3u.
N-(2,2-difluoro-3-oxo-1,3-diphenylpropyl)benzohydrazide (3a).

BZHN‘NH 0

5.461
0000

BzHN ‘NH O

167674
77425
77.000
76.579

S31



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

111089
111108
__——112038
T —— 12082
113524
113578
__— 114507
114558

EZHN‘NH o

-
-

S32

PPM



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 3% T T1Fss

ZREF(E: 2010-08-28, 16:54:08 =,
BE AR D: \HPLC\Yz1\15'Ar—15-27-0J-60-40-230-0. 6race. org FEEIE: 2010-08-30, 8:40:45
WOFEBRA—ZE

£i#E (Ar-15-27-0J-60-40-230-0. 6race. org)

750
700
650
600
550
500
4504 -
~ 400
>
£ 350
£ 300
= 250
2004
150 1
100 ]
50
0_
-50
-100 ke R A i I R [l Saoea s 3
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 52 54 56 58 60
BHE] (min)
SHERE
&S 324 FRERE B EEH S8
1 19. 428 202118. 000 9785959. 000 50. 2689
2 26. 210 114781. 047 9681261. 000 49.7311
53 316899. 047 19467220. 000 100. 0000
OJ-H
BZHN ™l O hexane/PrOH = 60/40
230nm
Ph ph  0.6mL/min
FF
racemic sample
2010-08-30 FFEL A B B 18 R T RS

S33



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 38 T TF3&

ZBEHE: 2010-07-15, 19:39:48 8%
P ETAF:D: \HPLC\Yz1115\A-15-14-Ar—35Me~50C OJ 60 40 0. &ML ?‘ig%— T8 201008-30,8:51:25
s BRI

B
230NM. oxrg SFE-BHA

p— £18E (A-15-14-Ar-35Me-50C 0J 60 40 0.6ML 230NM. org)
1,800} -
1,600 - -
1,400] -

1,200 -

R ()
8
-~ @ =] [=]
s 2 & o
(=] o (=] o

[¥]
=]
=]

0
0

L ARBEARSS AN A Ans Aane Aaat A0 LA AAALAARE MM A LAM AAL AL AALLIORAARSS AR MARA SRR AARS Rane RAM RARARAL RARS
0 2 4 6 810121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

B8] min)
SHERE
ks L34 REEE L3 EEH &8
1 18.765 761012. 688 36794476. 000 96. 6175
2 25.553 14144. 771 1288141.125 3.3825
53 775157. 458 38082617. 125 100. 0000
OJ-H
BZHN B o hexane/ProH = 60/40
230nm
Ph ph  0.6mL/min
F F
ee = 93%
2010-08-30 LR FBE RETE LTS

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3b).
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N-(1-(4-bromophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3c).
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N-(2,2-difluoro-1-(4-fluorophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3d).
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ZE 45D \HPLC\Yz1116\A-16-4F-CHIRAL OD 80 20 0.7ML FErE: 2010-12-24, 14:23:51
214NM. oxg HoFEERA—E
— 55 (A-16-4F-CHIRAL OD 80 20 0. 7ML 214NM.org)
1,600
1,400]
1,200 ---
o R
»\D '
= 800 ‘
= :
600} ;
400 ;
200 ;
O :
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
B38] (min)}
SRERE
&S ¥4 fREtE L3 L<Tip A T8
1 15. 083 18821. 295 1094652. 375 3.1774
2 17.475 751496. 438 33356836. 000 96. 8226
53 770317. 732 34451488. 375 100. 0000
OD-H
BN, o HexanefiPrOH = 80/20
0.7 mUmin
214 nm
SERS
F
ee =93%
2010-12-24 P K 52 B 18 B TR 5

N-(2,2-difluoro-3-oxo-3-phenyl-1-p-tolylpropyl)benzohydrazide (3e).

BzHN.

NH O

(J ¢ U

Me
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B
Me
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208
00 3.3,
7 T e o
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o 25 wmow =
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= mRR [_@ﬁﬁﬁ b
BN,
SEA
Me
T T T T
200 150 100 50 PPM

S46



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

L —112m

S47



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 3% LTF3&

%a&r‘r‘] 2010-09-06, 10:17:27
E50#5:D: \HPLC\Y=1\154A-15-50-4CH3-RACEMIC AD 80 20 0. 7ML ﬁ%ﬁﬂ 2010-09-06, 10:26:05
zmu org BHFE BRE—Z

£1&E (A-15-50-4CH3-RACEMIC AD 80 20 0. 7ML 214NM. org)

y r T T T
15 20 25 30 35 40 45

B8] (min)
FHERE
®e L2 GRERME B LTiTE A Cp
1 19. 868 74447.617 2049282. 875 50. 5470
2 23. 848 58151. 207 2004931. 875 49, 4530
S5 132598. 824 4054214. 750 100. 0000

AD-H
HEXANE /iP rOH = 80120
BNy o 0.7 MLMIN
214N

RACEMIC SAMPLE

2010-09-06 FFEL K 52 & BE 1572 TF 5 S
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N2000 3% T TF=S

ZEFETE: 2010-09-06, 10:50:45 2%
ETLF:D: \HPLC\Y21115\A-15-50-4CH3~CHIRAL AD 80 20 0.7ML  3RE&E3(H: 2010-09-06, 10:59:45
214NM. org BoFE-BERE—EZ

158 (4-15-50-4CH3-CHIRAL AD 80 20 0. 7ML 214NM. org)

1,000
9004
300
700}
6004 --

K ()

T o Y PO PO LT 0 | I O W T T N O T SO SO S|
T LA AR SR AN SR AR T T
0 2 46 810121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

B8] (min)
SHERE
®s ®a REEt A 1] EmEH CES
1 19. 667 20086. 863 681453. 313 3. 6932
2 23. 602 493071. 000 17770278. 000 96. 3068
B3t 513157. 863 18451731. 313 100. 0000
HEXANE /PO = 80120
Ladd =
BNy o g7 ML IN
2. 2, 4
elas
EE = 92%
2010-09-06 PR G R 162 TF 5 i

N-(2,2-difluoro-1-(4-methoxyphenyl)-3-oxo0-3-phenylpropyl)benzohydrazide (3f).

BzHN.
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3.780
0000

[2:: j}’J fgg _Aoe /‘5 4/2_27

T — T T
8 7 6 5 4 3 2 1 PPM

167.393
55190

160117

MeO
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111686
TT—111.745
_ 112660
TT—112718
113431
TTT— 113478
114403
T 114451

T T T
-100 -106 -110 -116 -120 -126 PPM

HPLC REPORT

Sample Name:yzl-a—15-51-40rac ic 85 0.86. che Date:2010-08-26

Time:10:12 Method:
column: the mobile phase:
Velocity: the detection wavelength:
my
700
600
500
400
200
200 lﬁ
™ |
0+ ;I M
0 3 2 16 20 24 ) 2 B 40 45 52
Min
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 35.177 126362. 2 6465841. 9 50.9118
2 2 37.627 111172. 1 6234252. 9 19. 0882
Total 237534.3 12700094. 8 100. 0000
HEXANERPIOH - 85715
Pr =
BNy o 0.6 MLMIN
214NM

RACEMIC SAMPLE
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HPLC REPORT

Sample Name:yzl-a—15-51-40. che

Date:2010-08-26

Time:11:08 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
4504
4004
3504
3004
2504
2004
1504 5
1004 "
S04
o Ja
0 ) B 12 16 20 2 % 40 4
Min
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 34.627 3946. 4 182524. 4 2.7899
2 2 36.927 109325.1 6359785. 8 97.2101
Total 113271.5 6542310. 2 100. 0000
IC-H
BzHN HEXANE/iPrOH = 85/15
NH 0 0.6 MLMIN
214NM
scae
MeO
EE =94%

N-(2,2-difluoro-1-(4-nitrophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3g).

BzHN.

NH

e
O,N
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g.168
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&&%W%
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7.046
7.934
1716
7.695
T.633
7.615
7.596
7.568
7.549
7.546
7.494
T.474
7.469
7.449
7.430
7.366
7.347
7.327

T—8am

g.018

5184
51583

5218

/
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BzHN ‘NH O

4(11 }15

L

-0.000
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10 g 2
—— oo
[ ooo o
R o
oo w o oo o
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S53



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2012

Liv'eg
£69'54
¥lL54
E16G
¥89°aL
0on°Li
ELELE
FOLFLL
LegaLl
FTLALL
LOEELL
SAVETL
Segact
0ELazl
£1gazl
Li¥BTL
SE9BlL
FELBTL
BFEBZL
O¥6 B L
BBEELL
SHYDEL
£0L0EL
989°LEL
FFELEL
SOELEL
¥ETZEL
CHIFEL
E07BFL

SN

< S

LBEOFL
LIEOFL

0il1gl

arEaEL
vEL mmﬁw
TT0'6E L

A15-736-4N02-C

"KH

(T
O,N

BzHN.

|

~

S54



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 3% T 1Fss 1

LHEFE: 2010-09-19, 19:46:10 ?
EEE:D: \HPLC\\zl\ls\A 15-85-4502-RACE 0D 70 30 0. 7ML SZ5E. 201009-18, 19:50:06
2300 org BoAE-BRE—E

158 (A-15-85-4NO2-RACE 0D 70 30 0.7ML 230NM. org)

K (nw)

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

B8] (min)
SRLERE
©s &2 RErE ® LTiE A G-
1 15.715 183407. 734 8286749. 500 50. 1968
2 21. 868 126219. 859 §221784. 000 49. 8032
j=8 2 309627. 594 16508533. 500 100. 0000
OD-H
BAHN, o HEXANE/IPA = 70/30
0.7 MUMIN
S G
FF
0,N
RACEMIC SAMPLE
2010-09-19 7L A 5B 15 TR
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N2000 3% LTFS

;:sea-rm 2010-09-19, 20:14:19
Fx D HPLC\‘:zl‘lS\A-lS-BS £NO2-CHIRAL OD 70 30 0.7ML  BSFF(E. 2010-09-18, 20:15:20
BaFZ ERHA—

230\'! org
&5 8 (4-15-85-4N02-CHIRAL OD 70 30 0. 7ML 230NM. org)

z
E
0 246 é 10 12 1‘4161‘32‘02‘22‘42‘62‘83‘0 3‘23‘43‘5384‘04‘24‘446435‘05I 5‘45‘65‘8 60
B[] (min)
SWLERE
&S 24 RErE LT EEH -
1 15. 675 13566. 926 564488. 625 5.0758
2 21.750 163434. 469 10556652. 000 94.9242
j=8- o 177001. 395 11121140. 625 100. 0000
OD-H
BZHN‘NH o HEXANE/IPA = 70/30
0.7 MUMIN
230NM
(0
02N
EE =90%
2010-09-19 FFEL A S5 BE 168 2 TR Fr

N-(1-(4-cyanophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3h).
BZHN\N H O

(J 710
NC
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189105
168.813
188.523

T
=

167.713

A-18-60-CN

BN, L o

FF
M

132211
38.372

i

e
77.000
76.683

661683
65.959
65.925
65.720

S58



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 38 L TFss

LWETE: 2010-09-08, 21:17:05 EBRE-
P E 4D \HPLC\Yz1115\4-15-64-4CN-RACEMIC AD 70 30 0.6ML 3R E&E3(8: 2010-09-09,8:49:30
214NM. org BaFiz- BRE—EZ
i £15 5 (A-15-64-4CN-RACEMIC AD 70 30 0. GML 214NM. urg)
900 -
800} -------
700]
6004 ---
5 5001---
> 400}
300
200
100
0 2 4 6 8 1012 1416 1820 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
B8] (min)
SERE
s L2 GRErE 3= EEH P
1 22.985 251797. 047 9564685. 000 50. 6327
29. 210 196986. 125 9325645. 000 49. 3673
B3 448783. 172 18890330. 000 100. 0000
AD-H
BN o HEXANE/IPIOH = 70/30
214 NM
O O 0.6 ML/MIN
F'F
Re RACEMIC SAMPLE
2010-09-09 WL A G FE 18 2 TR A7
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N2000 38 L TF3S

FREIE: 2010-09-08, 22:04:09 LBE
EE 4R :D: \HPLC\Yz1115\A-15-64—4CN-CHIRAL AD 70 30 0.6ML #E
214N org B

I )

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48 50 52 54 56 58 60

B8] {min)
SHERE
®s L34 FRERE L3 EEE 5
1 22.743 22482. 209 854534. 688 4. 2594
2 28.873 403938. 344 19207556. 000 95. 7405
&ﬁ- 426420. 553 20062090. 688 100. 0000
BN o Q%&NEHPIOH =70/30
214 NM
O A O 0.6 ML/MIN
e EE =01%

2010-09-09 FFEL KR G2 HE 168 2 TF S

N-(2,2-difluoro-3-oxo-3-phenyl-1-(4-(trifluoromethyl)phenyl)propyl)benzohydrazide (3i).

BzHN._
NH o

(7T
FsC
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189.360
189.071
188.779
167.717
36.991
34.554
32130
31.849
31.335
31.013
30.042
30.014
29.977
29.941
28.708
26.829
26.634
25.448
25.411
25.373
25.332
25.315
22.448
19.532
16.955
16.926
14.350
T
77.000
76.683
66.212
66.012
65.981
65.771

%
y
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N2000 38 L TF3S

ELRETE: 2010-09-26, 14:36:14 EBE-
B E T4 :D: \HPLC\Yz1115\4-15-87-4CF3-RACE OD 80 20 0. 6L FEEIIE: _2010-09-26, 14:42:54
214NM. org HoFEBERHA—EZ

&5 8 (A-15-87-4CF3-RACE 0D 80 20 0.6ML 214NM.org)

z
)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 43 50
BF 8] (min)
SHERE
s 324 fRERE L 3 EEH 8
1 15. 855 302481. 719 11493144. 000 50. 0295
2 19.275 242312. 594 11479578. 000 49.9705
B3 544794. 313 22972722. 000 100. 0000
0D-H
BzHN v o HE XANE/IPA = 80/20
S au L
FOF 2
Wecae
RACEMIC SAMPLE
2010-09-26 WL A 5255 RE 16 2 TF 5 A
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N2000 38 LTF3&

ZEETE: 2010-09-26, 15:11:18

@ T4 :D: \HPLC\Yz1\15\A-15-87-4CF3-CHIRAL OD 80 20 0.6ML aﬁ%wrﬂ 2010-09-26, 15:12:28
214NM. org HoFE:ERA—Z

£5E (A-15-87-4CF3-CHIRAL OD 80 20 0.6ML 214NM.org)

800 p—r—r : —_
T -3 et e T R At Tt o B ha e T i i It
700G -4kt
650
600
550
500
450
T 400
= 350
= 300
250
200
150§
1004
50
50 R N e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48 50
B8] (min)
SERE
&S &2z e L EEH P
1 15. 603 23197. 463 788739. 250 4. 9631
2 18.923 321974. 875 15103458. 000 95. 0369
53 345172. 338 15892197. 250 100. 0000
0D-H
BzHN W1 o HE XANE/IPA = 80/20
et
FOF 5
Wecae
EE = 90%
2010-09-26 I K 525 RE 16 B TF RS

N-(1-(3-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3j).
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110326
110 366
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HPLC REPORT

Sample Name:yzl—-a—10-46-3clrac od250 90. che

Date:2010-10-27

Time:14:26 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
3504
3004
2504
8 =
150, 'f\
K o
! \
504
b AA A—L
2 8 12 18 20 24 2 2 4
Min
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 23.627 178200. 5 11241378.6 49.8272
2 2 26.777 158565. 0 11319333.0 50.172
Tozal 336765.5 22560711.6 100. 0000
0D-H
BZHN‘NH o Hexane/iPrOH = 90/10
0.7 mUmin
214 nm
FF
Cl

racemic sample
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HPLC REPORT

Sample Name:yzl—-a—15-48-3cl. che Date:2010-10-27
Time:15:08 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mV
20
801
7
€01
=0
40
- ]
20 8
104
° : /
10— -
204
H 10 2 14 16 18 2 2 2 % 7 £ 32
Min
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 23.627 1164. 1 62419.8 2.9728
2 2 26.927 29160. 1 2037288.0 97.0272
Tozal 30324. 2 2089707. 8 100. 0000
0D-H
BZHN.NH 0 Hexane/iPrOH = 90/10
0.7 mUmin
214 nm
FF
Cl ee=94%

N-(2,2-difluoro-1-(naphthalen-1-yl)-3-oxo-3-phenylpropyl)benzohydrazide (3k).

NHBz
u'i HN O
()70
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N2000 #3% L 1Fss

ZEEHE: 2010-09-07,9:12:39

TRE-:
BE45:D: \HPLC\V21'15\A~15-52-1NAPH-RACEMIC IC 70 30 FEEFE: 2010-09-07, 17:18:30

0. 6ML 214NM. oxg

RoFiz:-ERA—E

158 (4-15-52- INAPH-RACEMIC IC 70 30 0.6ML 214NM.org)

1,500 7—
TTHE R O 0.
1,3004 --
12004 --
1,1004 --
1,004 --
900 --
5 s00f--
= 7004-
= 6001
500
400
300
200
100
0_ ' ' " "
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50
B8] (min)
SHERE
L 357 34 fREgntE L3-7 A &5
1 14.183 835036. 125 18770868. 000 50. 1056
2 18.717 608046. 875 18691750. 000 49. 8944
B3 1443983. 000 37462618. 000 100. 0000
IC-H
HEXANE /P rOH = 70130
214NM
0.6 MUMIN
RACEMIC SAMPLE
2010-09-07 FFIL A G5 BE 18 B TS
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N2000 38 L TFE=E

EREFE: 2010-09-07, 9:43:44 B
15-52-1NAPH-CHIRAL IC 70 30 O.6ML JREEI[E: 2010-09-07,17:24:41

X D- \HPLC\Yz1\15\A
214NM. oxg HoFZ-EHE—Z
o £35 8 (A-15-52-1NAPH-CHIRAL IC 70 30 0.6ML 214NM. org)
1,600
1,400
1,200
~ 1,000
;-
= 800
z
600
400}--
200} ---4
T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
B8] (min)
SHERE
353 324 R ndE L 357 ST &8
1 13.973 1094568. 625 25866078. 000 95.4724
2 18. 487 41133. 895 1226640. 125 4.5276
a3 1135702. 520 27092718. 125 100. 0000
IC-H
HEXANE /iP rOH = 70130
214N M
0.6 MUMIN
EE = 91%
2010-09-07 LA S B 18 2T

N-(2,2-difluoro-1-(naphthalen-2-yl)-3-oxo-3-phenylpropyl)benzohydrazide (31).

BZHN\NH o

SOE®
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N2000 3% LTF3&

3 e(E: 2010-09-20, 10:09:04 ERE-
2 E 04 :D: \HPLC\Yz1\15\A-15-78-2Naph-RACE IC 80 20 0.6ML gf}wﬂ 2%30—09—93 20, 10:54:34
vt

230NM. oxg

A i

&858 (A-15-78-2Naph-RACE IC 80 20 0.6ML 230NM. org)

1,500 = :
1,400 - --
1,300 -
1,200 -
1,100 -
1,0004-
900
< s00d-
= 7004-
= 600-
500
400
300
200
1004 - -
04—
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 3 40 42 44 46 43 50 52 54 56 53 60
B (8] (min)
SWERE
&S 324 RERE L3 A 8
1 23.917 355107. 000 12437103. 000 50. 7360
2 25. 737 343454, 594 12076252. 000 49. 2640
s 698561. 594 24513355. 000 100. 0000
IC-H
B2 o HEX ANEAPA = 80/20
0.6 ML/MIN
230NM
LT T
RACEMIC SAMPLE
2010-09-20 FFEL A 52 RE 168 2 TF 55
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N2000 3% LTF3E

LREFE: 2010-09-20, 10:49:23 ERE-
B ET#5:D: \HPLC\Y21\15\A-15-78-2Naph—CHIRAL IC 80 20 0.6ML 3R &E3(E: 2010-09-20, 10:58:43
230N, org BHAZERE—EZ

£15 5 (4-15-78-2Naph-CHIRAL IC 80 20 0.6ML 230NM.org)

1,200 —
1,1004 - --
1,0004 -
9004 -
8004 -
7004 ---
E 6004---
S s00{--
4004 ---
3004---
2004 - --
1004 -
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 52 54 56 58 60
B8] {=in)
SWERE
’s L2 fREwE LT EEH P
1 23. 680 555360. 063 22219690. 000 97.1003
2 25. 577 17194. 152 663542. 875 2.8997
B3 572554. 215 22883232. 875 100. 0000
IC-H
BzHN . o HEXANE/IPA = 80/20
0.6 ML/MIN
230NM
F7F
EE=94%
2010-09-20 WL A G2 [E 162 TF % Fr

N-(2,2-difluoro-1-(furan-2-yl)-3-oxo-3-phenylpropyl)benzohydrazide (3m).

NHBz
HN O
~

\_o FF
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186.708
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N2000 #3388 I TF3S 1

ZLHES[E: 2010-09-07, 11:45:21 ERE-
&304 :D: \HPLC\Y21115'A-15-53-2FURAN-RACEMIC 0J 70 30 REBIE: 2010-09-07, 17:28:21
0.6ML 214N org HoFE ERE—Z

£15E (A-15-53-2FURAN-RACEMIC 0J 70 30 0.6ML 214NM.org)

83/8] (min)
SWLERE
s 324 FRErE L7-3 R P
1 22,155 56277. 191 2544090. 500 50. 2751
2 24.373 45111. 152 2516244. 500 49. 7249
B 101388. 344 5060335. 000 100. 0000
BNy o ngwenprori = 7030

0.6 MLMIN
g F F

RACEMIC SAMPLE

2010-09-07 FFEL KA G2 [E 18 R TF 7 Fr
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N2000 3% L TFss

LREIE: 2010-09-07, 12:16:46 LR
R E0# :D: \HPLC\Yz1115\A-15-53-2FURAN-CHIRAL 0F 70 30 HEEE: 201009-07,17:31:28
BoFE EHRA—

0.6ML 214NM. org
#1& B (A-15-53-2FURAN-CHIRAL 0J 70 30 0.6ML 214NM.org)

z
=
B
02 4 6 81012 14 16 13 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
B3 (8] fmin)
SRERE
L34 L34 fREatE L3 A 5
1 21. 963 444206. 719 19358546. 000 78. 4482
3 24.220 109538. 734 5318316. 500 21.5518
B3 553745. 453 24676862. 500 100. 0000
BZHN. 0J-H
NH O HEXANE /iPrOH = 70/30
“ 214N 1
Cg FF 0.6 MUMIN
EE = 57%
2010-09-07 FFIL A 5248 BE 1a B TF 3 5r

N-(2,2-difluoro-3-oxo-3-phenyl-1-(thiophen-2-yl)propyl)benzohydrazide (3n).

BzHN._
Z"NSNH o
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169.445
189.158
188.874
167.574
34392
33852
33823
32.300
32016
29924
29.880
29.377
28.655
28.579
27.156
26.881
26.842
26.7687
18.244
16.661
14.084
716
77.000
76712
76.681
62.294
62.084
62.045
G1.827

T
=—

AE-FIA2Th-C
BzHM.,
NH O
2
W4 F F
A e
200 180 160 140 120 100 a0 60 PPM
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N2000 38 T TF3b

LREFE: 2010-12-24, 11:13:44 T
HE U4 :D: \HPLC\Yz1116\A-16-2Th-RACE-RE 0D 70 30 0. 7zL FMEET[E: 2010-12-24, 11:20:01
214N org B HE: ERE—E

358 (A-16-2Th-RACE-RE 0D 70 30 0. 7nL 214NM. org)

1,200 —
1,1004-:
1,000
900
800}
700
T 600
Z so0
400§
3004
200
1004
[
012345678 91011121314 15161718192021 2223242526 27282930 31 3233 3435
B8] (min)
SHERE
®s &2 fREEE L3 EmEH 8
1 11.312 366463. 000 9215501. 000 50. 2451
2 15. 765 241081. 813 9125594, 000 49, 7549
5y 607544. 813 18341095. 000 100. 0000
BN, o 32§§ne/i9r0H=70/30
0.7 mUmin
S 214 nm
&l FOF
RACEMIC SAMPLE
2010-12-24 P KR G2 RE 16 2 T3S

S8&3
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N2000 3% L TF=s

EFETE]: 2010-12-22, 11:20:48 TRE.:
#E 4 :D: \HPLC\Yz116\A-16-2-Th 0oC OD 70 30 0. 7ML 3Z&edE: 2010-12-24, 11:05:00
230NM. org BHFiE- BRA—E

£i5E (A-16-2-Th 00oC OD 70 30 0. 7ML 230NM. org)

1,500
1,400 -
1,300
1,200
1,1004 -4
1,000

9004 -

8004 -+

T ()
~
8

6004 -1

012345678 91011121314151617181920212223242526 2728293031 3233 3435

B3 8] (min)
SWERE
&S L2 RERE LT EEH P
11. 048 63167. 289 1720983. 125 4.7175
2 15. 270 942892. 063 34759576. 000 95. 2825
j=% g 1006059. 352 36480559. 125 100. 0000
OD-H
BN, L o Hexane/iPrOH = 70/30
0.7 mU/min
= 214 nm
W4 F F
ee =90%
2010-12-24 FFEIL A 52 SE 18 2 TF R A7

N-(2,2-difluoro-3-oxo-3-phenyl-1-(thiophen-3-yl)propyl)benzohydrazide (30).

BzHN._
Z"NNH o
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g % S B e o B D o @ o -
R e P R P L L E S S Pt =
L OECEESE3T B2 082 E35ERS2nndg =
RGN R SR N Rl =
A-15.718-3Th
BzHM ..
MH O
&
5 FF
474
276
78
1.00 1.07
ﬂ!lrE 5{99/
Lﬂ & L ut_k |
. : : : : : : : : : : : : : : : : : :
g B 2 OPPM
o moooe
so-pooos
FRREEEga
mooorkha
Socscoza
A1A-718-3Th-F
—,——m———— A I
twial 50 -95 100 -1058 -110 115 -120 -126 PPM
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N2000 38 L 1F34

ZLFEHE: 2010-12-24, 11:39:59 T8
ZE T #5:D: \HFLC\Yz1\16\A-16-3Th-RACE-RE 0D 70 30 0.7=L BERIE: 2010-12-24,11:41:24
214N, org WoFZ-BFRE—EZE

&5 5 (A-16-3Th-RACE-RE 0D 70 30 0.

TmL 214NM. org)

1'800 1 1 ' ' ' ' ' 1 1 ' 1 1 ' l ' '
1,600} -
1,400 - -
1,200}----
2 1,0004----
E :
= 800f----
=
600 ----
400 --
2004 --
0 : i
012345678 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
B3 (8] (min)
SERE
L34 [: 324 et g A P 6
1 11. 258 882909. 813 23192580. 000 50. 5669
2 17. 007 533581. 125 22672546. 000 49. 4331
S5 1416490. 938 45865126. 000 100. 0000
OD-H
BAHN 4 o Hexane/iPrOH = 70/30
0.7 mU/min
7 214 nm
if F7°F
S
RACEMIC SAMPLE
2010-12-24 I K 5 [E 18 2 TF A
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N2000 38 T TF3s 1
LEEIE: 2010-12-22, 15:00:13 EBE.
#E U #:D: \HPLC\Yz1116'4-16-3Th—0oC 0D 70 30 0. 7ML REEIE: 2010-12-24, 11:01:55
23080 org WoFiE-BRE—
i £i5E (4-16-3Th-00C OD 70 30 0. 7ML 230NM. org)
900} -
8004 -
7004 -
6004 ---
£ 500%---
= 400f---
3001-
2004 -
1004 ---
0
0123456 78 910111213 141516 17 13 19 20 21 22 23 24 2526 27 28 29 30
B (8] (min)
SHERE
®s L4 RERME ] EEH Cp-
1 11.595 23335. 131 661870. 500 2. 8589
2 17. 600 496327. 281 22489560. 000 97. 1411
=it 519662. 412 23151430. 500 100. 0000
OD-H
BN, o Hexane/iPrOH = 70/30
0.7 mL/min
7 214 nm
i FoF
s
ee = 94%
2010-12-24 LA G2 BE 15 2 T 5 Sy

N-(2,2-difluoro-1-oxo-1-phenyldecan-3-yl)benzohydrazide (3p).

BzHN.
ZNNH o
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N2000 3% LTF3S

is&h‘ﬂ 2010-09-30, 21:56:20 ZBE
EoT#%:D:\HPLC\Yz1',15\4-15-99-0CTANE-RACE 0F 98 2 0.8ML B0, 2010-09-30, 22:00:58
214.\'! org HoFEBERA—E

&85 (A-15-99-0CTANE-RACE 0J 98 2 0.8ML 214NM. org)

1,800
16004 --1--
1,400
1,200
~ 1,000
b=
£ 8004
B
600}
400
200
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
B8] (min)
SHERE
®s 4 RErME 3 L=k A =8
1 27.758 78751. 359 5426528. 000 49.6199
2 33.577 62914. 160 5509669. 500 50. 3801
a3y 141665. 520 10936197. 500 100. 0000
0JH
BNy, o HEXANE/IPA = 98/2
214 NM
e 0.8 MLMIN
RACEMIC SAMPLE
2010-09-30 I A 52 BE 18 R TF RS
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N2000 #3& L TF=s

ZLBEIE: 2010-09-30, 22:36:37 EBE:
B E 4 :D: \HPLC\Y21\15\A-15-99-0CTANE-CHIRAL O 98 2 0.8ML 3R EE[H: 2010-09-30, 22:38:31
214NM. org BaFE - BRA—Z
e €155 (A-15-99-0CTANE-CHIRAL 0J 98 2 0.8ML 214NM. org)
900} -----
8004 ---
7004 ---
6004 ---
3 s00]
==
= 4004---
3004 - --
2004 ---
1004 - -
04—
02 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
BHE] (min)
SERE
&S 34 RERE e EEH 5
1 27.570 25197. 705 1466224. 750 20. 0885
2 33.417 52341. 676 5832609. 000 79.9115
B3 77539. 381 7298833. 750 100. 0000
OJH
BNy, o HEXANE/IPA = 98/2
214 NM
st 0.8 ML/MIN
EE = 60%
2010-09-30 FFEL K G R 18 2 TS

N-(1-cyclohexyl-2,2-difluoro-3-oxo0-3-phenylpropyl)benzohydrazide (3q).

BzHN._
NNH o
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N2000 3% L TFERS

FIEIE]: 2010-09-19, 21:31:59
HE 4D \HPLC\Yz1\15\A-15-77-CYCHEXANE-RACEMIC OD 90 10 R EFEI[E: 2010-09-19, 21:36:05

0.5ML 230NM. org

HWoFE@RE—EZE

&85 (A-15-T7-CYCHEXANE-RACEMIC OD 90 10 0.5ML 230NM. org)

450
400
350
3004 --t-d--do-te
2 250 - Fe i bt
= 200
Biygpfrtintodnintutatsdednaalont cpn el o bed ol bate b dentla
100
50_ ......
s0d--
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
B3 (6] (min)
SHERE
357 7 RErE L 35 EEH 8
1 21. 848 171842. 609 7963535. 000 50. 7880
2 27.748 33851. 406 7716429. 000 49. 2120
sy 205694. 016 15679964. 000 100. 0000
OD-H
BZHN . HEXANE/IPA = 90/10
NH O 0.5 MUMIN
230NM
ERF
RACEMIC SAMPLE
2010-09-19 I A F 4 B 18 2 TR S
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N2000 3% L1Fss

ZLBETE: 2010-09-19, 22:09:43 EBE-
BE 4D \HPLC\Yz1115\A-15-77-CYCHERANE-CHIRAL OD 90 10  FREBJ[E: 2010-08-19, 22:10:19
RoFiz BRE—Z

0. 5ML 230NM. org

G &5 (A-15-77-CYCHEXANE-CHIRAL OD 90 10 0.5ML 230NM. org)
450]
400}
350
300
3 250
= 200
= 150
100
50 ]
-504 _.: 5
0 2 4 6 8 1012 14 16 18 20 22 24 26 25 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
B8] (min)
SREREK
&S <4 RERE L3 i) A P
1 21. 868 200060. 063 9531575. 000 88. 9461
2 27.925 5871. 546 1184555. 125 11. 0539
53t 205931. 609 10716130. 125 100. 0000
OD-H
BzHN . HEXANE/IPA = 90/10
NH O 0.5 MLIMIN
230NM
F7F
EE =78%
2010-09-19 FFIL A G S Ve B TR S

N-(1-(2-chlorophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3r).

NHBz
CIlHN O

7 U
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N2000 3B L TF3& 1
ZREF(E: 2010-08-26, 19:57:14 .
45D \HPLC\V21\15\A-15-45-2C1-RACEMIC IC 70 30 0.6ML 3 ZE7(E: 2010-08-30, 9:08:37
214NM. org BoAZ - EHE—E
&8 E (A-15-45-2C1-RACEMIC IC 70 30 0. 6ML 214NM. org)
s sy s s s -
13 14 15 16 17
BY(8] (min)
SERE
L 3= 324 HRERE L 3-1 EEEH S8
1 13.727 123505. 945 2328971. 500 50. 2600
2 15. 387 108636. 086 2304880. 000 49. 7400
53 232142. 031 4633851. 500 100. 0000
ICH
PN © hexane/ProH = 70/30
214nm
Ph  0.6mL/min
of F
racemic sample
2010-08-30 LA T R BT
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N2000 3% L TF3S

ZREF(E: 2010-08-26, 20:49:42 IRE
B S04 - D: \HPLC\Yz1115\A-15-54-2-2C1-RSS-350¥e IC 70 30 F|EETE: 2010-08-30, 9:11:44
0.8ML 214NM. org BoarZ ERE—E

4=

&5 (A-15-54-2-2C1-RSS-350Me IC 70 30 0.6ML 214NM.org)

2,200
2,000%-- : ;
1,800 - - : .
1,600 -- ; ;
1,4004 - : :
=1,200%-- : .
= ' '
£ 1,000 -- : :
= : ,
3004 : !
600 | : .
400 : :
200 | ;
o}- —
4 6 8 10 12 14 18 18 20 22 24 26 28
B8] (min)
SHERE
L3>3 ¥ REetE L= EmEH &8
1 13.545 1166733. 875 23195926. 000 87.5935
2 15. 357 153599. 719 3285412. 500 12. 4065
B3 1320333. 594 26481338. 500 100. 0000
ICH
B hexane/PrOH = 70/30
214nm
Ph  0.6mL/min
&t
ee=75%
= 225
2010-08-30 LA S RE 18 BTy

N-(2,2-difluoro-1-(3-nitrophenyl)-3-oxo-3-phenylpropyl)benzohydrazide (3s).
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N2000 3% LTF=S

EEIE: 2010-08-30, 17:02:35 LR
EE 4 :D: \HPLC\Yz1115\A-15-97-3N02 0D 90 10 0. 7ML FEFIE: 2010-09-30,17:07:17
214N, org BoAE ERA—E

355 (A-15-97-3N02 0D 90 10 0. 7ML 214NM. org)

1,200
1,100
1,000
900
800
700
Z s00] ;
= o0
T 00 ;
300
200 .
1004 ---
0 % 1Y0 1'5 2Y0 2‘5 3T0 3T5 4T0 4r5 5r0 55 Bb 6r5 7r0 7T5 810 STS 90
B8] (zin)
SHERE
L 3= [ RERE L 37 EEH S8
1 43. 257 200060. 250 22841770. 000 50. 1783
2 51.872 160781. 219 22679468. 000 49. 8217
B 360841. 469 45521238. 000 100. 0000
BN ym o CEXANEIPA = 9010
214 NM
O s O 0.7 MUMIN
NO, RACEMIC SAMPLE
2010-09-30 P KR 55 BE 18 B TF 5
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N2000 #38 T TF3&

ZBEHE: 2010-09-30, 18:07:40 b
BE D \HPLC\Vz1\15\4-15-97-3¥02-CHIRAL 0D 90 10 0.7ML % ZF3fE: 2010-09-30, 18:08:25
WY FE:ERE—E

214NM. oxg
. 35 8 (A-15-97-3N02-CHIRAL OD 90 10 0. 7ML 214NM. org)
250
200
150
g
= 100
B
50
0
50
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
B3 8] (min)
SHLERER
3= [ 4 RERE 321 EEH S8
1 43. 883 17068. 590 1972338. 250 18. 7989
2 52.977 57067. 211 §519443. 000 81.2011
i 74135. 801 10491781. 250 100. 0000
OD-H
B2HN im0 HEXANE/IPA = 90/10
214 NM
O P O 0.7 MUMIN
NO, EE = 62%
2010-09-30 LK 5555 BE 18 2 TF 5 S

N-(2,2-difluoro-1-oxo-1-phenylhexa

n-3-yl)benzohydrazide (3t).

BzHN._
2NH o
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N2000 #3% L1Fs&

?ﬁwﬂ 2010-09-21, 17:55:15

EETED: \HPLC\')zl\IS\A-IS-SS-nBu-RACE 0D 70 30 O.&ML [8): 2010-09-21,17:58:12

214N, org = BB
0123456 78 910111213 141516 17 13 1920 21 22 23 24 25 26 27 28 29 30
B8] (min)
SHERE
g L2 e E 327 EEH TR
1 8.658 664566. 000 13470453. 000 50. 6515
2 10. 110 610632. 563 13123906. 000 49. 3485
B 1275198. 563 26594359. 000 100. 0000
OD-H
BzHN | HEXANE/IPA 70/30
NH O 0.6 ML/
P Moy 2
F7F
RACEMIC SAMPLE
2010-09-21 FFIL A 524 BE 16 B TR Fr
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N2000 3% LTF3S

;géra-‘ﬂ 2010-09-21, 18:10:15 EBE-
E A :D: \HPLC\Yz1\15\A-15-55-nBu~CHIRAL OD 70 30 0.6ML R EETE: 2010-09-21, 18:11:17
214NM. org BoFE BRA—E

£15E (A-15-55-nBu-CHIRAL 0D 70 30 0.6ML 214NM. org)

2,000
1,800] -
1,600} ---
1,400} ---

1,200% -

BT ()
@ ‘;
8 8

2]
=]
=]

4004---

2004 - --

0 1 2 3 4 5 8 7 8 91011 12131415161713192021222324252627282930

58] (min)
NHLERE
s -4 REE L 3 R 8
1 8. 665 271411. 031 5857656. 500 26. 0824
2 10.110 731466. 813 16600576. 000 73.9176
g-‘ﬂ- 1002877. 844 22458232. 500 100. 0000
OD-H
BZHN HEXANEAPA =70/30
NH O 0.6 ML/MIN
Wkp n 214NM
F°F
EE =48%
2010-09-21 ST A B RE 182 TS

N-(1-cyclopropyl-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (3u).

BzHN.
ZNH o
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N2000 38 I TFs&

ZBEIE]: 2010-09-26, 11:10:57 LRE:
2 E x4 :D: \HPLC\Yz1'15\A-15-89-CYCPROPANE-RACE 0D 80 20 FREEI(E: 2010-09-26, 11:15:48
0. 7ML 214NM. org BaFz BRE—E

800
7504 --
700
650
600}
5504 --
5004 --
450
400
350 --
300}--
250
200§
150}--
1004 --
50%--

0

Eoc et bttt testa e ettt

#1&E (A-15-89-CYCPROPANE-RACE 0D 80 20 0. 7ML 214NM.org)

T (o)

'

01234567 89 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
B3(8] (in)

SRR
g ®i GRERE el EEH P8

1 11. 267 317527. 438 7598663. 000 49. 8684
2 18. 038 179014. 016 7638769. 500 50. 1316

B 496541. 453 15237432. 500 100. 0000

ODH
BzZHN. HEXANE/IPA = 80/20
30N M

2
0.7 MUMIN
F7F

RACEMIC SAMPLE

2010-09-26 FFIL R G RE 18 2 TF R Fr
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N2000 38 T TF3s

LREIIE: 2010-09-26, 11:36:02 T
#E 4% :D: \HPLC\Yz1115\A-15-89-CYCPROPANE-CHIRAL OD 80 20 2 &F3{E: 2010-09-26, 11:37:03
0. 7ML 214N org BaAZ-ERE—E

&5 8 (A-15-89-CYCPROPANE-CHIRAL OD 80 20 0. 7ML 214NM. org)

200
180
g0« ke

1403 --+-4--1-
120
100

T ()

Lkiaiasnssansssassoacsone; L L LA DO AR S0 AR S A A LA A KA )
0 2 4 6 8 101214 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

B3 18] fmin)
AHERE
®s ] R BB 8l o] KR =8
1 11.253 69784. 258 1655735. 500 32.3324
2 18. 070 81896. 859 3465247. 000 67. 6676
B3 151681. 117 5120982. 500 100. 0000
OD-H
HEXANE/IPA = 80/20
BZHN'NH (o} 230N K
0.7 MLU/MIN
Ve
EE=35%
2010-09-26 FFIL A 52 BE 152 TF

11. NMR and HPLC data for Zn(NTf3),-catalyzed Mannich-type adducts 5a-5f.
N-(2,2-difluoro-3-oxo-1,3-diphenylpropyl)-4-methoxybenzohydrazide (5a).

S111



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2012

MeO

ooo'o

£8.€
0%6'F
FEE ¥
G86'F
a0
GLO'G
GIFG
BEFG
189
££8°9
¥OgL
80EL
gles
0ze'L
BOE L
GOEL
a0t
L5FL
BSFL
[T
01sL
TEGL
055t
BO5 L
8Ll
|7
o9z6 L
OF6 L

e B

Med

PRM

A16-1A-Ohde

3|00

]

2.98.08
it

5
!

z
T
g

LP0EDL
600 mEU/iI
9LEE0L
647 B0
2=l
LiEE0L

149601
L¥9 mm:le

A-18-14-Ohde

PRM

T
-125

T
120

-115

T
-110

T
-105

T
-100

-85

T
80

S112



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

P @ = N LR R )
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5o e = il 00 G D) D65 05 O D e 0
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N2000 38 T TF3&

ZBEIE: 2010-10-12, 20:50:09 EBRE.
#E T4 :D: \HPLC\Y21\16\A-16-9-NHCOOMe-RACE OD 80 20 0.7ML  FREEI[H: 2010-10-12, 20:54:43
214N org BHFEBRE—

£15 8 (4-16-9-NHCOOMe-RACE 0D 80 20 0. 7ML 214NM. org)

5
<
0 2l 4 6 é1I012141|61‘82b2l22112|62l83032343638404\24l44'64'850
B3 (8] (min)
SHRERE
®5 ®e fRE B ado] i EES
1 19. 000 301128.313 14738642. 000 50. 3107
2 28.038 190378. 500 14556627. 000 49. 6893
B3t 491506. 813 29295269. 000 100. 0000
Me0 0D-H
0 hexanefiPrOH = 80/20
0.7 mL/min
HN wh o 214 nm
2010-10-12 LR G2 RE 168 2 TF R Fr
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N2000 #3& I TF3&

ZLBEIE: 2010-10-12, 21:36:44 LBE.
EE LD \HPLC\Yz1\16\A-16-3-NHCOOMe—chiral OD 80 20 FEEI[E: _2010-10-12,21:38:44
BoFE: ERE—ZE

0. 7ML 214NM. org
15 E (A-16-9-NHCOOMe-chiral OD 80 20 0. 7ML 214NM.org)

=
e
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 52 54 56 58 60
B3E] (min)
SHERE
s 34 RERE L= EEmEE &8
1 18.812 10412. 025 494918, 313 2.7318
2 27. 633 231241. 078 17582448. 000 97. 2622
&3 241653. 104 18077366. 313 100. 0000
MeoO\f —_
o hexanefiPrOH = 80120
0.7 mL/min
HN NH O 214 nm
@ FF D e =94%
2010-10-12 L K FEF T TS

N-(2,2-difluoro-3-o0xo0-1,3-diphenylpropyl)-4-nitrobenzohydrazide (5b).
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O,N
HN\NH 0
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e i S E
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(CIes 1)
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1.0
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189.447

It
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165373

144,862

B6.721
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B6.481
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B6.264
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N2000 3% L TF3&

LREFE: 2010-12-25, 15:12:11 $
B304 :D: \HPLC\Yz1\161A-16-NHCONO2-RACE-RE 0J 70 30 0.5ML R EJ[E): 2010-12-25,15:13:56
214 org WoFE ERE—ZE

158 (A-16-NHCONO2-RACE-RE 0J 70 30 0.5ML 214NM. org)

i
=
=
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115 120
B8] min)
SMLERR
s L2 fREetE L322 A P
1 55. 678 48849. 922 10218331. 000 50. 4641
2 70.138 31912. 703 10030384. 000 49. 5359
i=8-3 80762. 625 20248715. 000 100. 0000
OZNOY 0J-H
o Hexane/iPrOH = 70/30
0.5 mL/min
HN NH O 214 nm
Q)?(:\@ RACEMIC SAMPLE
2010-12-25 LA G245 [E 167 2 TF 5 57
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N2000 38T TFss 1

Z2EF(E: 2010-12-10, 19:15:04 I
E 45 :D: \HPLC\Yz1\16\A-16-35-NHCONO2-chiral OJ 70 30 #E
0.5ML 214N org 84

=
B'_:'@ _2010-12-24,11:23:13
Fig:BRA—E

£1&E (A-16-35-NHCONO2-chiral OJ 70 30 0.5ML 214NM. org)

800 7— : —
7504 --4---t--4 T e e o E S
7004 --+---
6509 --
600 --
ss0 --
500 --
as0d--
T 400%--
= 3s04--
= 3004--
2504 --
2004 --
1504 --
1004 -
s0d--
0_ ¥
504-- =
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115 120
B8] (min)
SHERE
L35 &z FRErE L3 L= Jiak A &8
1 57.610 9756.423 2413599. 000 1.0765
2 70. 233 168909. 813 56794280. 000 95.9235
B3 178666. 235 59207879. 000 100. 0000
0,N
\@Yo 0J-H
Hexane/ProH = 70/30
1| 0.5 mUmin
214 nm
e
ee=92%
2010-12-24 T K 55 BE 18 2 TF 5 S

4-bromo-N-(1-(4-bromophenyl)-2,2-difluoro-3-oxo-3-phenylpropyl)benzohydrazide (5c).
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188.536
189.243
188.954
166,689
31.883
NI
34.553
31166
30,785
30,022
29.987
20.952
28.732
28,424
26.900
23.409
19.522
16.949
14.364
7736
77.000
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65.829
B5.627
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N2000 3% ILTFs&

ZLEETE: 2010-12-24, 15:15:46 TeE.
B E 45 :D: \HPLC\Y21116'\ A-16-NHCOBrBr—RACE-RE 0D 80 20 F &g 2010-12-24,15:17:56
BoFZBRA—E

0. 7ML 214NM. org

4

€18 5 (A-16-NHCOBrBr-RACE-RE 0D 80 20 0. 7ML 214NM. org)

TR ()

1004-
o ' " "
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
B3{8) (min)
SHERE
L3 34 RERE L= 327 A S8
1 15.463 501588. 594 20538432. 000 50. 4261
2 23. 060 305213. 125 20191308. 000 49,5739
53 806801.719 40729740. 000 100. 0000
Br
0 0D-H
HexanefiPrOH = 80/20
HN 0.7 mL/min
NH O 214nm

¥ O Tk O RACEMIC SAMPLE

2010-12-24 LA G2 BE 1o 2 TF RSy
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N2000 3% LTF3E

LHET(E: 2010-12-10, 15:34:44 .
EE L :D: \HPLC\Yz1\16\A-16-35-NHCOBrBr—chiral-10cC OD 80 3R EE3(H): _gow—u—é@ 11:27:11

20 0. 7ML 214N\ org BAFE-ERE—

€358 (A-16-35-NHCOBrBr-chiral-100C OD 80 20 0. 7ML 214NM.org)
750 bkl ok O T A B B O : L
700

5504 -+
500

IR )
w
3

200
150

34567 8 9101112131415 1617 1819202122 2324252627 262930313233 3435
B3 [E] fmin)
FGERE

s L2 RErE <3 EEH a8

=}
IR St
[SF

1 15. 635 11647. 218 482698. 469 2.2173
2 23.075 312835.719 21287338. 000 97.7827

i=%- 324482, 937 21770036. 469 100. 0000

Br
\©\f° OD-H
Hexane/iPrOH = 80/20

HN. 0.7 mU/min
N0 214 nm

ee =95%

2010-12-24 IR 525 SE 18 BT 55

N-(2,2-difluoro-3-o0xo0-1,3-diphenylpropyl)biphenyl-4-carbohydrazide (5d).
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N2000 #38 I TF3s

EHPEFE: 2010-12-25, 10:43:21 L.
B E 4 :D: \HPLC\Yz1116\A-16-PhPh-RACE-RE AD 70 30 0. 7ML F&eE3E: 2010-12-25, 10:45:01
230N org BoFEBRE—E

£i%E (A-16-PhPh-RACE-RE AD 70 30 0. 7ML 230NM. org)

180
160
140
120
s B
3
= 80
=
60
40
20 -
0
02 4 6 8 101214 16152022 24 2628 30 3234 36 38 40 42 44 46 48 50 5254 56 5860 6264 66 6370
B8] (min)
SWERE
®s 324 FREERE L3 EEH a8
1 39. 493 37859. 750 4394245, 500 50. 5255
2 47. 602 39790. 465 4302833. 000 49. 4745
i=%- o 77650. 215 8697078. 500 100. 0000
AD-H
Hexane/iPrOH = 70/30
O 0 0.7 mUmin
230 nm
H NH O
RACEMIC SAMPLE
FOF
2010-12-25 HFIL K G2 [E 1672 TF 55
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N2000 38T TFss

;Es&a'm 2010-12-08, 15:26:19 %
B4 :D:\HPLC\Yz1\16\A-16-34-PhPh—chiral AD 70 30 0.7ML R ZES[E: 2010-12 §4 11:31:16

230\1 org BHFZ: BRA—
&35 E (4-16-34-PhPh-chiral AD 70 30 0.7ML 230NM. org)
2
2
=
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
BF[E] (min)
SWERE
L35 [ 34 R EE L2 3=7 A &8
1 36. 865 55506. 793 3603882. 750 98. 0284
2 43.993 1049. 692 72482. 398 1.9716
j=% 3 56556. 485 3676365. 148 100. 0000
o -
Hexane/iPrOH = 70/30
HN ‘NH O 0.7 mUmin
230 nm
ee =96%
2010-12-24 7T A G5 BE 18 B TF RS

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo0-3-p-tolylpropyl)benzohydrazide (Se).
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189.014
188727
188.440
167.814
36.004
45716
31.681
31.964
31.485
30,871
01
30,088
30.054
29717
29.380
28.663
28,408
26.813
19.664
17.102
14.502
EERci)
77.000
76.682
B6.064
65.666
65.830
B5.620
21.670

¥

A-18-19-CH3

S129



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 3% L TESE

LHEIE: 2010-12-24, 16:28: :
2% E 4 :D: \HPLC\Yz1116\A-16-SILYLOXY-Me-RACE-RE OD 90 10 REE

0. 7ML 230NM. oxrg

13

2010-12-24, 16:29:44

RoFZz BERA—E

&85 (A-16-SILYLOXY-Me-RACE-RE OD 90 10 0. 7ML 230NM. org)

800 ' " ' 1 1 ' 1 " "
7504 -1
7004 -
650 -
600 -
5504 - -
5004 - -
450 --
T 4004 --
= as0d -
= 3004 --
2504 -
200 -
1504 -
1004 -
504-
0_ o
04 - : ;
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
B8] (min)
SHEREK
®s <34 REEE L<T=1 EEH S8
1 29, 452 115648. 281 8813487. 000 50. 4831
2 34. 462 96605. 164 8644817. 000 49.5169
s 212253. 445 17458304. 000 100. 0000
RewenePrOH =900
BzHN exane/iPr =
NH O 0.7 mL/min
230 nm
o,
cl
RACEMIC SAMPLE
2010-12-24 FIFL A S BE 18 R TR Ar

S130



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

N2000 I8 L TES 1
EREFE: 2010-12-04, 15:21:28 TRE.

BE LD \HPLC\Yz1116\A-16-32-¥e—chiral OD 90 10 0. 7ML BEES(E: 2010-12-24,11:38:44

230N org BoFE - BRA—

&85 (A-16-32-Me-chiral 0D 90 10 0. 7ML 230NM.org)

6509 -
6004 --
5504 --
5004 --
450%--
400%--
T 350%--
= 300%--
= 2504--
2004--
1504 --
1004 --
50%-
-50 :
0 2 4 6 8 101214 16 16 20 22 24 26 28 30 32 34 36 33 40 42 44 46 43 50 52 54 56 58 60
B (8] (=in)
SHERE
®s ¥4 RE R E L1 R GBS
1 32.318 6081. 983 503632. 813 4. 0857
37.955 112181. 297 11883689. 000 95. 9343
it 118263. 280 12387321. 813 100. 0000
0D-H
BN . o HexanefiPrOH = 90/10
0.7 mL/min
230 nm
ESF
cl
ee = 2%
2010-12-24 FFIL KA 52 [E 152 TF R

N-(1-(4-chlorophenyl)-2,2-difluoro-3-oxo-3-(thiophen-2-yl)propyl)benzohydrazide (5f).
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N2000 #38 I TF3s

ZLREFE: 2010-12-24, 17:39:07 %
#E U4 :D: \HPLC\Yz1\16\A-16-SILYLOXY-2Th-RACE-RE 0D 80 10 3%
0. 7ML 230N org #

S0

RE:
B [E): 2010-12-24,17:39:27
FE ERE—E

&5 8 (A-16-SILYLOXY-2Th-RACE-RE OD 90 10 0. 7ML 230NM.org)

500
450
400
350
300
3 2501
= 2004--
= 150
100
50
i
50 :
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
B3 (8] fmin)
NHERE
s [ 34 RERE < 3= EmEH S8
1 41. 298 82425. 133 8763509. 000 50. 0748
2 49, 965 61377. 184 8737342. 000 49,9252
B3 143802. 316 17500851. 000 100. 0000
0D-H
BN, o HexanelPrOH = 90110
P 230 nm
i L
RACEMIC SAMPLE
2010-12-24 T K 525 BE 1a 2 TF S
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N2000 3§ I TF3&

ZLBEE: 2010-12-04, 16:45:5¢ BE-
T 45:D: \HPLC\Yz1\16\A-16-33-Th—chiral 0D 90 10 0.7ML FEETE: 2010-12-24, 11:34:01
230N org BoFiz BERE—E

£i5E (A-16-33-Th-chiral OD 90 10 0. 7ML 230NM. org)

900
200 :
700] ;
600
.. 500 : ‘
B : : :
= 400} | ]
= ! : ! g
0 5 10 15 20 25 30 35 40 45 50 S5 60 65 70 75 80
B{8] (min)
SHERE
s &z RERME L:3=1 A 8
1 16. 473 26114. 361 3290087. 000 11. 8223
2 54.882 146218. 375 24539528. 000 88. 1777
B3 172332. 736 27829615. 000 100. 0000
OD-H
BzHN . o Hexane/iPrOH = 90/10
0.7 mUmin
oo // 230 nm
cl =
ee =76%
2010-12-24 L K G55 BE 18 B TF RS
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12. Transformation of product 3a

Scheme 1. Transformation of 3a

o)
OYR 0. R CliC, PR -CCla 0
) Ph o)
HN\NH NaBH, (3.0 equiv), HN_ (3.0 equiv), %N%
CeCl37H,0 (3.0 equiv) NH OH  pyridine (3.0 equiv) N o
Ph/%L Ph MeOH, AcOH, DCM, pp~" ph DCM, rt, overnight /%
F -78°C, 5 h F*F Ph” /N Ph
3a, ee = 93%. 6, yield = 84%, 7, yield = 73%,
dr=2:1, ee = 97%. dr=2:1, ee = 94%.

The synthesis of compound 6. The solution of 3a (0.32 mmol) in DCM (3.0 mL) was stirred
at -78 °C, then a solution of CeCl;7H,0 (3.0 equiv) in 3.0 mL methanol was added into the
solution at -78 °C. After stirring for 5 mins, NaBHy (3.0 equiv) was added into the mixture in
several portions under argon atmosphere at -78 °C and followed by the addition of AcOH
(0.25 mL) via syringe. The mixture was stirred at the same temperature for additional 5 h. The
reaction was quenched by H,O, then neutralized with saturated K,COs (aq) to pH= 7-8. The
mixture was extracted with DCM. The combined organic phase was washed with H,O and
brine, dried over anhydrous Na,;SOy, and the solvent was removed under vacuum. The residue
was purified by silica gel column chromatography (PE/EA=3/1) to give the desired product as

a white solid.

The synthesis of compound 7. To a solution of 6 (0.13 mmol) and triphosgene (3.0 equiv) in
DCM (2.0 mL), a solution of pyridine (3.0 equiv) in 1.0 mL DCM was added into the solution
carefully at room temperature via syringe. After stirring overnight at room temperature, the
solvent was removed under vacuum and the residue was purified by silica gel column

chromatography (PE/EA=8/1) to give the desired product as white solid.

N-((15)-2,2-difluoro-3-hydroxy-1,3-diphenylpropyl)benzohydrazide 6a [major/minor (2:1)
isomers].

O._Ph

HN,
NH OH

Ph Ph
F*F

A white solid, m.p. 155-158 °C; (84%, 102 mg); IR (acetone): v 3395, 3296, 3033, 1782,

1627, 1575, 1509, 1482, 1454, 1404, 1334, 1166, 1124, 1063, 1029, 1009, 926, 899 cm™'; 'H

NMR (400 MHz, CDCl3, TMS): & 4.22 (major, br, 1H, NH), 4.57 (minor, dd, 0.5H, J = 7.2,
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1.6 Hz, CH), 4.74 (major, d, 1H, J = 14.0 Hz, CH), 4.79 (major, t, 1H, J = 14.0 Hz, CH), 5.20
(minor, td, 0.5H, J = 7.2, 2.4 Hz, CH), 5.38 (minor, t, 0.5H, J = 1.6 Hz, NH), 5.63 (major, br,
1H, OH), 5.67 (minor, br, 0.5H, OH), 7.29-7.56 (m, 15H, ArH), 7.83 (major, d, 1H, J = 4.4
Hz, NH), 8.07 (minor, br, 0.5H, NH); BC NMR (100 MHz, CDCl;, TMS): 8 62.3 (minor, t,
Jor = 24.8 Hz), 66.8 (major, t, Jor = 22.4 Hz), 73.4 (minor, dd, Jcr = 30.7, 24.5 Hz), 74.3
(major, dd, Jcr = 32.2, 22.9 Hz), 120.3 (major, t, Jor = 254.0 Hz), 120.5 (minor, t, Jor =
241.0 Hz), 126.9, 127.0, 127.9, 128.0, 128.3, 128.5, 128.6, 128.7, 128.8, 129.1, 129.4, 131.9,
132.1, 132.2, 133.9, 134.6, 136.1 (minor), 136.3 (major), 167.5 (major), 167.6 (minor); '°F
NMR (376 MHz, CDCl3, TMS): & -112.3 (major, dd, 1F, J = 258, 69 Hz), -124.0 (minor, ddd,
1F, J= 258, 21, 12 Hz), -113.9 (minor, dd, 1F, J= 16, 8 Hz), -114.1 (major, ddd, 1F, J=16, 7
Hz); MS (ESI) m/z (%): 4052 (100) [M+Na]; HRMS (MALDI) Calcd. for
C22H20F2N202Na+1 (MJrNa)+ requires 405.1398, Found: 405.1385. Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column (hexane/iPrOH = 60/40, 0.5 mL/min,
214 nm, for minor product: tor = 7.79 min, tyiner = 8.88 min, 97% ee; for major product:

tminor = 11.04 Min, 2,50, = 14.29 min, 97 % ee; [a]*’p = +59.0 (¢ 2.60, CHCI3)).

BzHN .
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HPLC REPORT

Sample Name:a-16-92-rac-ad-h-150-6-4-0. 5-214. chdate:2011-04-10

Time:11:05 Method:
Column: Flow Rate:
Wave Length: Mobile Phase:
mV
2501
200
150
0 2 g o
50 o =
o j /\ i
2 4 6 8 10 12 14 16 18 20
Min
No. PeakNo 1D. Name R. Time PeakHe i ght PeakArea PerCent
1 1 Unknown 7.793 73878.5 1331215.4 19. 8001
2 2 Unknown 8.877 55188.7 1315502. 1 19. 5664
3 3 Unknown  10.960 77308.6 2039566. 5 30. 3359
4 4 Unknown 14.210 59648. 0 2037001. 4 30. 2977
Total 266023. 8 6723285. 4 100. 0000
race AD-H €150 mm )
Q\T@ /\@XG'\Q/ "Pror = éo/# 0
HAN
OH
AM X
O. 5 m L / nun.
@/Y
rf 20y nm

pArnDY 1, « 2778 min
L{J ' 8877 ST

’”SJ‘D) 1= /o “?ﬂ'?O PO

T2 = 14. 20 nn
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HPLC REPORT

Sample Name:mly-16-92. che

Time:09:04
Column:

Wave Length:

Date:2011-04-10
Method:

Flow Rate:
Mobile Phase:

mv
500
400
300
200 i g
100
g 2
o < 2
4 8 12 16 20
Min
No. PeakNo ID. Name R. Time PeakHeight PeakArea PerCent
1 1 Unknown 7.793 201791. 6 3627409. 5 37.5467
2 2 Unknown 8.877 3568. 8 99505. 8 1. 0300
3 3 Unknown 11.043 4912. 7 128314.5 1.3282
4 4 Unknown 14,293 168824. 9 5805824. 7 60. 0951
Total 379097.9 9661054. 5 100. 0000
(56 AD-H 15D mm )

[¢] i =~ bO
"?’D hexane /'ProH = 6%,
HN_

e 0.5 ML fin

< o)

e F r 214N
Mminor L IETH3 main
't 2= 87~8.17 AW

ee-17/
MY FI= ) 3w
pa= 1Y A3 wie
ee=917%
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(55)-3-benzoyl-6,6-difluoro-5,7-diphenyl-1,3,4-oxadiazepan-2-one 7a [major/minor (2:1)
isomers].
@)
P4 O
N—<

HN O

Ph/% Ph

F*F
A white solid, m.p. 122-125 °C; (73%, 39 mg); IR (CH,Cl,): v 3375, 3037, 1781, 1620, 1489,
1454, 1389, 1353, 1189, 1148, 1129, 1067, 1042, 991, 923, 899; 'H NMR (400 MHz, CDCl;,
TMS): o 3.18 (major, d, 1H, J = 5.2 Hz, NH), 3.49 (minor, d, 0.5H, J = 5.2 Hz, NH), 4.72
(major, dt, 1H, J = 18.8, 5.2 Hz, CH), 4.89 (minor, dt, 0.5H, J = 11.6, 5.2 Hz, CH), 5.78
(minor, t, 0.5H, J = 13.2 Hz, CH), 5.95 (major, dd, 1H, J = 18.8, 8.8 Hz, CH), 7.28-7.54 (m,
17H, ArH), 7.63-7.67 (m, 1H, ArH), 7.80-7.84 (m, 3H, ArH), 7.88-7.91 (m, 1H, ArH); "°C
NMR (100 MHz, CDCl3;, TMS): 8 59.1 (dd, Jc.r = 34.5, 10.8 Hz), 72.8 (dd, Jc.r = 29.7, 12.5
Hz), 120.2 (major, t, Jor = 251.0 Hz), 120.3 (minor, t, Jo.r = 251.5 Hz), 123.4, 123.5, 125.8,
125.9, 127.6, 128.0, 128.2, 128.5, 128.7, 128.8, 128.9, 129.3, 129.5, 130.2, 131.0, 131.5,
131.6, 131.9, 135.3, 135.4, 153.1 (minor), 153.7 (major, t, Jo.r = 2.9 Hz); ’F NMR (376
MHz, CDCl;, TMS): 6 -112.5 (major, ddd, 1F, J =255, 20, 4 Hz), -118.4 (minor, ddd, 1F, J =
255,19, 9 Hz), -113.8 (minor, dd, 1F, J =17, 9 Hz), -113.9 (major, ddd, 1F, J= 17, 11 Hz);
MS (ESI) m/z (%): 431.2 (100) [M+Na]"; HRMS (MALDI) Calcd. for C,3H;3F,N,O;Na™
(M+Na)" requires 431.1172, Found: 431.1178. Enantiomeric excess was determined by HPLC
with a Chiralcel AD-H column (hexane/iPrOH = 60/40, 0.5 mL/min, 214 nm, for major
product: Zyinor = 10.21 min, t4j0r = 14.38 min, 94% ee; for minor product: #,,4j,- = 17.46 min,
tminor = 35.21 min, 94% ee; [0]*’p = -63.2 (¢ 1.00, CHCl5)).

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmm

R R S R

mmmmmmmmmmmmmmmmmmmmmmmmmm

Sl T

0.000

T T T T T T
10 8 6 4 2 0 PPM
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(55)-3-benzoyl-6,6-difluoro-5,7-diphenyl-1,3,4-oxadiazepan-2-one 7a with the addition of
D,0 [major/minor (2:1) isomers]. The protons at 6 3.18 (major, d, 1H, J= 5.2 Hz, NH), 3.49
(minor, d, 0.5H, J = 5.2 Hz, NH) have been identified as the N-H for the two
diastereoisomers

DN O
@(k Ph
Ph” 7<_
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'"H NMR (400 MHz, CDCl;, TMS): 6 4.69 (major, d, 1H, J = 4.4 Hz, CH), 4.89 (minor, t,
0.5H, J=11.6 Hz, CH), 5.78 (minor, t, 0.5H, J= 13.2 Hz, CH), 5.95 (major, dd, 1H, J = 18.8,
8.8 Hz, CH), 7.28-7.54 (m, 16H, ArH), 7.63-7.67 (m, 2H, ArH), 7.80-7.84 (m, 3H, ArH),
7.88-7.91 (m, 1H, ArH).

-0.000

T 1 I . :
2 0PPM

'H-'H cosy spectrum

3aeple directory| Ar-cosy_23Jui?01)
ot

File: '

Pulte Secusncel goOSY {

Solvent: £0C)3 )

Astilent tesparature

Mercury-34988  “wercesydao” J
'J'

Relax. detay 1.008 sec
Ay, thee 0.14% e J
wisth $97.1 M2 =

w' |

A A, ! | M
20 vidth
2 repeti |
128 Intresents
oastrvt Mi. 300.0268143 WNz
DATA PROCL: G

|
|
2 RSO, |
5q. sine Bedl 0.071 sec !
'; (‘&7“- FROCESSING
H

8 7 L] 5 4q 3 4 1 0
F1 (ppm)
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Archive SHraclory: /ewgort /home onc/veesiys/data
Barple directocy: Ar-cosy I1Jei2o1l
Py

e [
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solvent: €O213
Aabienl lemperatere ! h
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{
Retax. 4thay 1.000 sec L aand
Acq. time §.18F tec
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124 o ements 3
OBLEAVE W1, 3199.02EB1¢3 KNS (ppn
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Sc. ahne bell 8371 sec
FL DATA PROCESSING
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HPLC REPORT

Sample Name:a-16-90-rac-ad-h-150-6-4-0. 5-214. chdate:2011-04-10

Time:13:02
Column:

Wave Length:

Method:
Flow Rate:
Mobile Phase:

mvV

g 8 &8 8 8

o 8
| —————=—102%
14.503

g ;:}ﬁjﬂ

B 8 12 16 20 24 28 32 40 42
Min
No. PeakNo |ID. Name R. Time PeakHeight PeakArea PerCent
1 1 Unknown  10. 293 370802. 5 8344138.4 29. 6164
2 2 Unknown  14. 503 262643. 8 8650194. 4 30. 7027
3 3 Unknown  17.543 144187. 7 5597312. 4 19. 8669
4 4q Unknown  35. 627 69244. 8 5582428. 0 19.8141
Total 846878.9 28174073. 2 100. 0000
AD—H 150 mm)
Q
Oall; hexans./ip,or= 64
/V oe.Snl . .
AN 7 ™ aan
o 214 nm
EF 5K
WJOV t 1710293
C
m € f 5 &) L.£ 03
Minoy =1 SU3
t>=3862 7
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