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1. General Information

"H-NMR spectra were measured on JEOL JNM-ECA500 (500 MHz) spectrometer.
Data were reported as follows: chemical shifts in ppm from tetramethylsilane as an
internal standard in CDCls, integration, multiplicity (s = singlet, d = doublet, t = triplet, q
= quartet, dd = doublet-doublet, dt = doublet-triplet, dq = doublet-quartet, td = triplet-
doublet, m = multiplet, app = apparent), coupling constants (Hz), and assignment. *C-
NMR spectra were measured on JEOL JNM-ECAS500 (125 MHz) spectrometer with
complete proton decoupling. Chemical shifts were reported in ppm from the residual
solvent as an internal standard. '°F NMR spectra were measured on JEOL JNM-ECA500
(470 MHz) spectrometer. High-resolution mass spectra (HRMS) were performed on
Thermo Exactive plus (ESI) spectrometer. For thin layer chromatography (TLC) analysis
throughout this work, Merck precoated TLC plates (Merck, TLC Silica-gel 60 F2s4) were
used. The products were purified by flash column chromatography (Kanto Chemical Co.,
Inc., Silica-gel 60 N, spherical, neutral, 40-50 pum) or preparative thin layer
chromatography silica-gel (Merck, PLC Silica-gel 60 Fs4. 0.5 mm). Benzyl (3-
oxopropyl)carbamate (5d)!!), 6-oxohexyl benzoate (5e)!?), 3-(benzyloxy)propanal (5f),
1-tosylpiperidine-4-carbaldehyde (5h)*l, tetrahydro-2H-pyran-4-carbaldehyde (5i)],
benzyl  ((1S,2R)-2-methyl-3-oxo-1-phenylpropyl)carbamate  (5k)!®!,  2-(hydroxy(4-
nitrophenyl)methyl)-3-methylbutanal (9)!”! and trimethyl((3-phenyl-4,5-dihydrofuran-2-
yl)oxy)silane (b)®! were prepared according to the literature procedures. Aldehydes and
MeCN were used after the distillation.Commercially available reagents and solvents were
purchased from FUJIFILM Wako, Sigma-Aldrich, TCI, and used as received. Raney-Ni

was used for the synthesis after activated.
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2. Synthesis of N-Hydroxybenzimidazoles

Procedure for Synthesis of 1a

[Step 1] [Step 2]
NaH (2.9 equiv) OBn H, (balloon) OH
NO2  BnBr (2.5 equiv) N Pd/C (10 wt%) N
X - Ol S s
NH THF N MeOH N
2 0°Cto80°C,4h rt., 15 min
S$1 1a

[Step 1]

To a suspension of NaH (60% in oil, 2.3 g, 58 mmol, 2.9 equiv) in THF (30 mL) was
added 2-nitroaniline (2.68 g, 20 mmol) portionwise at 0 °C, and the mixture was stirred
at the same temperature for 15 min. Benzyl bromide (4.9 mL, 50 mmol, 2.5 equiv) was
added slowly to the solution, and the mixture was stirred at 80 °C for 4 h. The reaction
mixture was cooled to room temperature, quenched with H.O and extracted with ethyl
acetate three times. The combined organic layer was dried over Na,SO4and concentrated.
The residue was purified by trituration with hexane and filtration to afford the following

compound.

1-(Benzyloxy)-2-phenyl-1H-benzo[d]imidazole (S1)
OBn White solid; 4.4 g, 97%.
@N/%Ph IH NMR (500 MHz, CDCls) & 8.18-8.16 (m, 2H), 7.80-7.79 (m, 1H),
N 7.49 (m, 3H), 7.45 (m, 1H), 7.34 (m, 1H), 7.30 (m, 4H), 7.23 (m, 2H),
5.04 (s, 2H); 3C NMR (125 MHz, CDCls) ¢ 147.8, 138.7, 133.0, 131.6, 130.3, 130.0,
129.7, 128.83, 128.80, 128.77, 128.6, 123.5, 123.0, 120.5, 109.0, 80.3; HRMS (ESI)
calculated for C2oH170N2: m/z 301.1335 ([M + H]*), found: m/z 301.1346 ([M + H]"); IR
(neat) 3053, 905, 758, 689 cm™.

[Step 2]

To a solution of S1 (1.4 g, 4.8 mmol) in MeOH (20 mL) was added Pd/C (140 mg, 10
wt%), and the mixture was stirred under a H. atmosphere at room temperature for 15 min.
The reaction mixture was filtered through high-flow celite, and the filtrate was

concentrated to afford the following compound without further purification.
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2-Phenyl-1H-benzo[d]imidazol-1-ol (1a)
OH White solid; 560 mg, 56%.
@N/%Ph IH NMR (500 MHz, DMSO-ds) 5 12.04 (br s, 1H), 8.26 (d, J = 6.5 Hz,
N 2H), 7.66 (d, J = 7.9 Hz, 1H), 7.55 (m, 4H), 7.30 (t, J = 7.5 Hz, 1H),
7.24 (t, J = 7.7 Hz, 1H); 3C NMR (125 MHz, DMSO-ds) J 146.9, 137.8, 133.5, 129.9,
128.6, 128.2, 126.5, 122.8, 122.2, 119.2, 109.2; HRMS (ESI) calculated for C13HsONz:
m/z 209.0709 ([M — H] found: m/z 209.0714 ([M — H]"); IR (neat) 3352, 2377, 1521,
1141, 736 cm™.

Procedure for Synthesis of 1c

E [Step 1] [Step 2]
NaH (1.4 equiv)
F NO, BnBr (1.2 equiv)
F F Et20 THF
F rt., 18 h 0°Cto80°C,5h
F [Step 3]
. OBn H, (balloon) . OH
N Pd/C (10 wt%) N
Ph > Ph
N/>_ MeOH/THF N/>_
F . F
rt., 15 min
F F
S3 1c

[Step 1]

Dry ammonia gas was passed through a solution of pentafluoronitrobenzene (3.0 g, 14
mmol) in Et2O (160 mL) at room temperature for 3 h. The mixture was stirred for further
18 h and then filtered to remove the precipitated ammonium fluoride. The filtrate was
washed with H20, dried over NaxSO4 and concentrated. The residue was purified by flash

column chromatography on silica gel to afford the following compound.

2,3,4,5-Tetrafluoro-6-nitroaniline (S2)

F Yellow crystal; 1.5 g, 50%.
F NO
> 13C NMR (125 MHz, CDCls) 6 144.3 (dtd, Jc_r = 260.3, 13.9, 4.4 Hz),
F NH, 143.9 (dtd, Jc-r = 262.3, 8.9, 4.4 Hz), 136.3 (dd, Jc r = 243.2, 13.1 H2),
F
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132.4 (d, Jcr = 11.9 Hz), 132.3 (dt, Jc r = 244.8, 16.1 Hz), 121.2; 19F NMR (470 MHz,
CDCls) § —145.1 (dt, J = 22.6, 8.9 Hz), —147.2 (td, J = 21.3, 8.8 Hz), —160.2 (ddd, J =
20.6,9.0,5.9 Hz), -172.5 (td, J = 22.3, 5.9 Hz); HRMS (ESI) calculated for CeHO2N2F4:
m/z 208.9969 ([M — H]"), found: m/z 208.9972 ([M — H]); IR (neat) 3494, 3374, 1518,
1516, 1118, 997 cm™L.

[Step 2]

To a suspension of NaH (60% in oil, 116 mg, 2.9 mmol, 1.4 equiv) in THF (20 mL) was
added S2 (440 mg, 2.1 mmol) portionwise at 0 °C, and the mixture was stirred for 15 min.
Benzyl bromide (0.24 mL, 2.5 mmol, 1.2 equiv) was added slowly to the solution, and the
mixture was stirred at 80 °C for 5 h. The reaction mixture was cooled to room temperature,
quenched with H20 and extracted with ethyl acetate three times. The combined organic
layer was dried over Na,SO4and concentrated. The residue was purified by flash column
chromatography on silica gel to afford the following compound.

1-(Benzyloxy)-4,5,6,7-tetrafluoro-2-phenyl-1H-benzo[d]imidazole (S3)
F oBn  Orange solid; 352 mg, 45%.
IH NMR (500 MHz, CDCls) ¢ 8.11 (d, J = 7.9 Hz, 2H), 7.55-7.48
(m, 3H), 7.35 (t, J = 6.8 Hz, 1H), 7.29-7.26 (m, 2H), 7.18 (d, J = 7.7
F Hz, 2H), 5.07 (s, 2H); 13C NMR (125 MHz, CDCls) 6 150.5, 138.9
(dd, Jc-F = 253.9, 10.7 Hz), 138.1 (dt, Jcr = 247.2, 14.6 Hz), 137.5 (dt, Jcr = 245.2, 14.0
Hz), 133.0 (dd, Jc_r = 249.7, 13.7 Hz), 131.7, 131.2, 130.4, 130.1, 128.9, 128.87, 128.86,
127.2, 124.7 (d, Jcr = 16.7 Hz), 117.2 (q, Jc_r = 7.2 Hz), 82.2; °F NMR (470 MHz,
CHCI3) 6 -154.8 (dd, J = 19.6, 17.3 Hz), -162.1 (t, J = 20.3 Hz), -163.5--163.4 (m), —
164.6 (td, J = 19.8, 3.4 Hz); HRMS (ESI) calculated for C2oH12ON2FsNa: m/z 395.0778
(M + Na]"), found: m/z 395.0779 ([M + Na]*); IR (neat) 2924, 1547, 1317, 1007 cm™*.

I

N
,

N

[Step 3]
To a solution of S3 (31.3 mg, 0.084 mmol) in MeOH (2.0 mL) and THF (2.0 mL) was
added Pd/C (3.1 mg, 10 wt%) and the mixture was stirred under a Hz atmosphere at room

temperature for 15 min. The reaction mixture was filtered through high-flow celite and
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the filtrate was concentrated to afford the following compound without further

purification.

4,5,6,7-Tetrafluoro-2-phenyl-1H-benzo[d]imidazol-1-ol (1c)
F  OH Brown solid; 22 mg, 94%.

F N>_Ph IH NMR (500 MHz, CD30D) § 8.18-8.17 (m, 2H), 7.58-7.57 (m,
7

F N 3H); 3C NMR (125 MHz, CDsOD) § 152.7, 132.2, 130.0, 129.8,

F 128.4,125.4 (d, Jc_r = 15.5 Hz), 120.5 (q, Jc r = 7.2 Hz) (Other peaks

were not detected due to C—F coupling.); 1°F NMR (470 MHz, CD30D) 6 —159.24-—
159.31 (m), —166.55--166.63 (m), —168.96--169.05 (m); HRMS (ESI) calculated for
C1sHsON2F4: miz 281.0333 ([M — H]), found: m/z 281.0343 ([M — H]); IR (neat) 3438,
1545, 1011, 692 cm™.

Procedure for Synthesis of 1b

[Step 1] [Step 2]
DMAP (10 mol%) OH
NO, TFAA (2.0 equiv) NO, Hz (balloon) N
TEA (2.0 equiv) Raney Ni (53wt%) >—CF
NH CH,Cl, NH EtOH < @
2 0°Ctort,7h rt., 2.5h
0~ "CF4
sS4 1b

[Step 1]

A solution of 2-nitroaniline (2.76 g, 20 mmol) in CH2Cl, (80 mL) was cooled to 0 °C and
stirred for 30 min. To the solution were added 4-dimethylaminopyridine (244 mg, 2.0
mmol, 10 mol%), triethylamine (5.64 mL, 40 mmol, 2.0 equiv) and trifluoroacetic
anhydride (5.64 mL, 40 mmol, 2.0 equiv), and the mixture was stirred at room temperature
for 7 h. The reaction mixture was quenched with H>O and extracted with ethyl acetate
three times. The combined organic layer was dried over Na>SO4 and concentrated. The
residue was purified by flash column chromatography on silica gel to afford the following

compound.
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2,2,2-Trifluoro-N-(2-nitrophenyl)acetamide (S4)

NO, Yellow solid; 4.7 g, quant.
@NH !H NMR (500 MHz, CDCl3) § 11.39 (br s, 1H), 8.75 (dd, J = 8.4, 1.3 Hz,
1H), 8.33 (dd, J = 8.5, 1.4 Hz, 1H), 7.79-7.75 (m, 1H), 7.39-7.36 (m, 1H);
13C NMR (125 MHz, CDCl3) 6 155.5 (g, J = 38.1 Hz), 137.2, 136.5, 132.2,
126.3, 125.7, 122.3, 115.5 (q, J = 288.9 Hz); F NMR (470 MHz, CDCls) 6 -76.1;
HRMS (ESI) calculated for CgH4O3N2F3: m/z 233.0169 ([M — H]"), found: m/z 233.0176
(IM —H]); IR (neat) 3298, 1728, 11138, 763, 671cm™.

07 “CF,

[Step 2]

To a solution of S4 (1.17 g, 5.0 mmol) in EtOH (20 mL) was added Raney-Ni (625 mg,
53 wt%), and the mixture was stirred under a H, atmosphere at room temperature for 2.5
h. The reaction mixture was filtered through high-flow celite, and the filtrate was
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

2-(Trifluoromethyl)-1H-benzo[d]imidazol-1-ol (1b)
OH White solid; 725 mg, 72%.
@N/)—% IH NMR (500 MHz, CDsOD) 6 7.75 (d, J = 8.2 Hz, 1H), 7.63 (d, J =
N 8.2 Hz, 1H), 7.50 (app t, 1H), 7.40 (app t, 1H); 3C NMR (125 MHz,
CDs0D) 6 138.2 (g, Jo_r = 39.7 Hz), 137.9, 134.0, 126.9, 125.1, 121.6, 119.9 (q, Jc.r =
270.2 Hz), 110.9; °F NMR (470 MHz, CD30D) 6 —65.1; HRMS (ESI) calculated for
CgHsON2F3: m/z 201.0270 ([M — H]"), found: m/z 201.0274 ([M — H]"); IR (neat) 3371,
2486, 1210, 1125, 738 cm.
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Procedure for Synthesis of 1d

[Step 1] [Step 2]
F DMAP (10 mol%) F F
F NO. TFAA (2.0 equiv) NO H, (balloon) - OH
2 TEA (2.0 equiv) 2 Raney Ni (41 wt%) N
> />_CF3
E NH toluene E NH EtOH E N
2 0°Cto80°C,6h rt,2h
F F
0~ “CF,4
S5 1d
[Step 1]

A solution of 2,3,4,5-tetrafluoro-6-nitroaniline (210 mg, 1.0 mmol) in toluene (4.0 mL)
was cooled to 0 °C and stirred for 30 min. To the mixture were added 4-
dimethylaminopyridine (12 mg, 0.1 mmol, 10 mol%), triethylamine (280 pL, 2.0 mmol,
2.0 equiv) and trifluoroacetic anhydride (280 pL, 2.0 mmol, 2.0 equiv), and the mixture
was stirred at 80 °C for 6 h. The reaction mixture was quenched with H>O and extracted
with ethyl acetate three times. The combined organic layer was dried over Na,SO4 and
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

2,2,2-Trifluoro-N-(2,3,4,5-tetrafluoro-6-nitrophenyl)acetamide (S5)

F White solid; 252 mg, 82%.
F NO
> 13C NMR (125 MHz, CDCls) 6 155.7 (g, J = 40.1 Hz), 144.0 (dt, J =
F NH 264.6, 13.7 Hz), 143.4 (dd, J = 261.1, 11.9 Hz), 142.6 (dd, J = 265.8,

F oA~

O~ CF; 13.1Hz),140.8 (dt,J=261.5,13.7 Hz), 131.9, 115.2 (q, J = 287.7 Hz),
114.3 (d, J = 15.5 Hz); *F NMR (470 MHz, CDCls) § —75.1, -135.60--135.64 (m), —
142.18 (m), —144.07 (m), —150.19--150.28 (m); HRMS (ESI) calculated for CsO3N2F7:
m/z 304.9792 ([M — H]"), found: m/z 304.9803 ([M — H]); IR (neat) 3293, 1739, 1558,
1139 cm1,

[Step 2]
To a solution of S5 (2.5 g, 8.2 mmol) in EtOH (36 mL) was added Raney-Ni (1.03 g,
41wt%), and the mixture was stirred under a Hz atmosphere at room temperature for 2 h.

The reaction mixture was filtered through high-flow celite and the filtrate was
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concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

4,5,6,7-Tetrafluoro-2-(trifluoromethyl)-1H-benzo[d]imidazol-1-ol (1d)

F OH White solid; 663 mg, 66%.
F N 13C NMR (125 MHz, CDCls); Peaks were not detected due to C-F
. N/>_ cFs coupling; 1°F NMR (470 MHz, CDCls) 6 -63.8, -152.3, ~157.2, —
F 161.8, -162.7; HRMS (ESI) calculated for CsON2F7: m/z 272.9893

(IM — H]"), found: m/z 272.9905 ([M — H]"): IR (neat) 2592, 1554, 1198, 1004, 744 cm™..

Procedure for Synthesis of 1h and 1e

[Step 1] [Step 2]
OBn Meerwein reagent OBn H, (balloon) OH
N (1.0 equiv) N Pd/C (10 wt%) N
©: )—Ph - »—Ph - )—Ph
N MeCN N -gp MeOH N -gp
+ 4 i + 4
rt., 24 h I\\/Ie r.t., 15 min I\\/Ie
S1 1h 1e

[Step 1]

To a solution of S1 (601 mg, 2.0 mmol) in MeCN (20 mL) was added Meerwein reagent
(296 mg, 2.0 mmol, 1.0 equiv), and the mixture was stirred under an argon atmosphere at
room temperature for 24 h. The reaction mixture was filtered through high-flow celite and
the filtrate was concentrated. The residue was purified by trituration with Et,O and
filtration to afford the following compound.

1-(Benzyloxy)-3-methyl-2-phenyl-1H-benzo[d]imidazol-3-ium Tetrafluoroborate
(1h)
OBn White solid; 651 mg, 81%.
©:N/>—ph 'H NMR (500 MHz, DMSO-ds) 6 8.21-8.18 (m, 1H), 8.08-8.04 (m,
N "BF4 1H),7.94 (d, J=7.1Hz, 2H), 7.87 (t, J = 7.5 Hz, 1H), 7.83-7.76 (m,
4H), 7.39 (t, J=7.5Hz, 1H), 7.31 (t, J=7.7 Hz, 2H), 7.16 (d,J=7.1
Hz, 2H), 5.32 (s, 2H), 3.99 (s, 3H); *C NMR (125 MHz, DMSO-d¢) 6 147.3, 133.4, 132.0,
131.0, 130.3, 130.0, 129.5, 129.4, 128.8, 127.5, 127.34, 127.31, 119.5, 113.9, 111.8, 82.3,
S10
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33.1; 1%F NMR (470 MHz, DMSO-ds) 6 —148.5 (q, J = 1.1 Hz); HRMS (ESI) calculated
for C21H190ON2: m/z 315.1492 ([M — BF4]*), found: m/z 315.1513 ([M — BF4]"); IR (neat)
3432, 2538, 1461, 752, 698 cm™.

[Step 2]

To a solution of 1h (650 mg, 1.6 mmol) in MeOH (5.0 mL) was added Pd/C (65 mg, 10
wt%), and the mixture was stirred under a Hz atmosphere at room temperature for 15 min.
The reaction mixture was filtered through high-flow celite, and the filtrate was

concentrated to afford the following compound without further purification.

1-Hydroxy-3-methyl-2-phenyl-1H-benzo[d]imidazol-3-ium Tetrafluoroborate (1e)
OH White solid; 367 mg, 73%.

@N%Ph IH NMR (500 MHz, DMSO-ds) 6 8.13 (d, J = 7.4 Hz, 1H), 7.96-7.91

N "BF, (m, 3H), 7.81-7.68 (m, 5H), 3.96 (s, 3H): 3C NMR (125 MHz,

Me DMSO-ds) 6 145.9, 133.0, 131.0, 129.4, 129.2, 128.9, 127.0, 126.9,

120.1, 113.5, 111.6, 33.0; **F NMR (470 MHz, DMSO-ds) § —148.4; HRMS (ESI)

calculated for C14H130N2: m/z 225.1022 ([M — BF4]"), found: m/z 225.1018 ([M — BF4]");

IR (neat) 3385, 2504, 1463, 1055, 751, 697 cm™.

Procedure for Synthesis of 1f

[Step 1] [Step 2]
Nal (0.6 equiv) M _
OH BnBr (1.2 equiv) OBn eerwein reagent OBn
N TEA (2.4 equiv) N (1.0 equiv) N
CF -~ CF . CE
N/>_ s MeOH N/>_ 3 MeCN N/>_ ’ 3
70°C,3h rt., 24 h "1 BF4
e
1b S6 s7
[Step 3]
H, (balloon) OH
Pd/C (10 wt%) N
> CF
MeOH ©:N/>_ ik
0 °C, 5 min *Me BF,4
1f
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[Step 1]

To a solution of 1b (404 mg, 2.0 mmol) in MeOH (40 mL) were added sodium iodide
(179 mg, 1.2 mmol, 0.6 equiv), benzyl bromide (240 pL, 2.4 mmol, 1.2 equiv) and
triethylamine (0.67 mL, 4.8 mmol, 2.4 equiv), and the mixture was stirred under an
argon atmosphere at 70 °C for 3 h. The reaction mixture was cooled to room temperature,
quenched with H20O and extracted with ethyl acetate three times. The combined organic
layer was dried over Na,SO4 and concentrated. The residue was purified by flash column
chromatography on silica gel to afford the following compound.

1-(Benzyloxy)-2-(trifluoromethyl)-1H-benzo[d]imidazole (S6)
OBn White solid; 488 mg, 84%.
@N/%CFS IH NMR (500 MHz, CDCls) 6 7.85 (d, J = 7.1 Hz, 1H), 7.49-7.44 (m,
N 5H), 7.41-7.35 (m, 2H), 7.31 (d, J = 7.1 Hz, 1H), 5.34 (s, 2H); 13C
NMR (125 MHz, CDClz) 6 136.9, 136.6 (q, Jc-F = 40.1 Hz), 132.7, 131.2, 129.80, 129.77,
128.8, 125.8, 123.9, 121.8, 118.5 (q, Jc_r = 271.0 Hz), 109.6, 82.1; **F NMR (470 MHz,
CDCls) 6 —63.4; HRMS (ESI) calculated for C1sH120N2F3: m/z 293.0896 ([M + H]Y),
found: m/z 293.0901 ([M + H]*); IR (neat) 3036, 1530, 1280, 729, 695 cm_.

[Step 2]

To a solution of S6 (585 mg, 2.0 mmol) in MeCN (20 mL) was added Meerwein reagent
(296 mg, 2.0 mmol, 1.0 equiv), and the mixture was stirred under an argon atmosphere at
room temperature for 24 h. The reaction mixture was then concentrated, and the residue
was purified by trituration with ethyl acetate and filtration to afford the following

compound.

1-(Benzyloxy)-3-methyl-2-(trifluoromethyl)-1H-benzo[d]imidazol-3-ium
Tetrafluoroborate (S7)

OBn White solid; 449 mg, 57%.
N
E:[ >—CFs  "HNMR (500 MHz, CDCN) 48.09 (d, J = 85 Hz, 1H), 7.93-7.88
+NMe “BF, (m,1H), 7.87-7.86 (M, 2H), 7.62-7.61 (M, 2H), 7.56-7.50 (m, 3H),

5.64 (s, 2H), 4.26 (s, 3H): 3C NMR (125 MHz, CDsCN) o 134.28

S12



(9, Jcr = 43.3 Hz), 132.6, 131.81, 131.76, 131.0, 130.9, 130.2, 130.1, 129.0, 117.28 (q,
JcF=276.0 Hz), 115.4, 113.7, 86.3, 35.4; °F NMR (470 MHz, CDsCN) ¢ -60.0, -151.8;
HRMS (ESI) calculated for C16H14ON2Fs: m/z 307.1053 ([M — BF4]"), found: m/z
307.1058 ([M — BF4]"); IR (neat) 3466, 1628, 1320, 1062, 775 cm™.

[Step 3]

To a solution of S7 (79 mg, 0.2 mmol) in MeOH (2.0 mL) was added Pd/C (7.9 mg, 10
wt%), and the mixture was stirred under a H, atmosphere at 0 °C for 5 min. The reaction
mixture was filtered through high-flow celite, and the filtrate was concentrated. The
residue was purified by trituration with Et2O and filtration to afford the following

compound.

1-Hydroxy-3-methyl-2-(trifluoromethyl)-1H-benzo[d]imidazol-3-ium

OH Tetrafluoroborate (1f)
N . .
©: )—CF,  White solid; 35 mg, 57%.
+NM "BF, ™™ NMR (500 MHz, CDsOD) § 8.04 (d, J = 8.5 Hz, 1H), 8.00 (d, J
e

=8.2 Hz, 1H), 7.83 (t, J = 7.5 Hz, 1H), 7.78 (t, J = 7.4 Hz, 1H), 4.22
(s, 3H); 13C NMR (125 MHz, CDsOD) ¢ 132.8 (g, Jc_r = 40.9 Hz), 131.5, 130.4, 129.2,
129.0, 118.5 (q, Jc_r = 273.4 Hz), 114.5, 113.9, 34.0; *°F NMR (470 MHz, CD30D) ¢ —
61.4,-155.0; HRMS (ESI) calculated for CoHsON2F3: m/z 217.0583 ([M — BF4]*), found:
m/z 217.0585 ([M — BF4]"); IR (neat) 3379, 1652, 1525, 1093, 904, 751 cm™L,

Procedure for Synthesis of 1g

[Step 1] [Step 2]

OBn OBn H, (balloon) OH

N MeOTf (excess) N Pd/C (16 wt%) N

L L L
N CHCl, N -oTf MeOH N ~oTf

o + 1\ H + 1\
0°Ctort,2h Me r.t., 30 min Me

S1 S8 19

[Step 1]

To a solution of S1 (200 mg, 0.67 mmol) in CH2Cl> (1.0 mL) was added methyl

trifluoromethanesulfonate (1.0 mL) dropwise at 0 °C, and the mixture was stirred under
S13



an argon atmosphere at room temperature for 2 h. The reaction mixture was concentrated,
and the residue was purified by trituration with Et,O and filtration to afford the following

compound.

1-(Benzyloxy)-3-methyl-2-phenyl-1H-benzo[d]imidazol-3-ium
Trifluoromethanesulfonate (S8)
OBn White solid; 307 mg, quant.

@'}_ph IH NMR (500 MHz, DMSO-ds) & 8.24-8.19 (m, 1H), 8.10-8.06 (m,

+NI\\/Ie_OTf 1H), 7.91-7.90 (m, 2H), 7.86 (t, J = 7.5 Hz, 1H), 7.83-7.75 (m, 4H),

7.40 (t, J=7.5Hz, 1H), 7.30 (t, J = 7.7 Hz, 2H), 7.14 (d, J = 7.1 Hz,

2H), 5.30 (s, 2H), 3.97 (s, 3H); 13C NMR (125 MHz, DMSO-ds) 6 147.3, 133.4, 131.9,
131.0, 130.3, 130.0, 129.3, 128.7, 127.4, 127.3, 127.2, 122.0, 119.4, 113.9, 111.8, 82.1,
33.1; °F NMR (470 MHz, DMSO-dg) 6 —77.7; HRMS (ESI) calculated for C21H190N2:
m/z 315.1492 ([M — OTf]*), found: m/z 315.1495 ([M — OTf]"); IR (neat) 3062,
1475,1258, 751, 636 cm™.
[Step 2]
To a solution of S8 (307 mg, 0.67 mmol) in MeOH (3.0 mL) was added Pd/C (50 mg, 16
wit%), and the mixture was stirred under a H> atmosphere at room temperature for 30 min.
The reaction mixture was concentrated, and the residue was purified by trituration with

Et>O and filtration to afford the following compound.

1-Hydroxy-3-methyl-2-phenyl-1H-benzo[d]imidazol-3-ium
Trifluoromethanesulfonate (19)
OH White solid; 173 mg, 69%.
@N/)_Ph !H NMR (500 MHz, DMSO-dg) ¢ 8.03 (d, J = 8.5 Hz, 1H), 7.81 (d, J
N o1 =7.7Hz, 2H),7.72-7.59 (m, 6H), 3.89 (5, 3H); **C NMR (125 MHz,
Me DMSO-ds) 0 144.4, 132.4, 130.6, 129.4, 129.3, 128.9, 126.6, 126.0,
120.4, 113.1, 111.6, 32.8; %F NMR (470 MHz, DMSO-dg) 6 —77.7; HRMS (ESI)
calculated for C21H190ON2: m/z 315.1492 ([M — OTf]*), found: m/z 315.1495 ([M — OTf]");

IR (neat) 3062, 1475,1258, 751, 636 cm™2.

+
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3. Procedure for Benzylic C—H Amination Reaction

A vial with a magnetic stir bar was charged with catalyst (0.020 mmol, 10 mol%),
ethylbenzene (2, 25 uL, 0.20 mmol) and 1,2-dichloroethane (1.5 mL) under an argon
atmosphere. To the solution was added diethyl azodicarboxylate (3, 63 pL, 0.40 mmol,
2.0 equiv), and the mixture was stirred at 80 °C for 24 h. After cooling to room
temperature, the reaction mixture was concentrated and the residue was analyzed by 'H
NMR using 1,1,2,2-tetrachloroethane as an internal standard. the crude product was then
purified by flash column chromatography on silica gel (eluting with hexane/ ethyl

acetate = 3/1) to afford the following compound.

Diethyl 1-(1-Phenylethyl)hydrazine-1,2-dicarboxylate (4)°
Colorless oil; 93% NMR yield; 50 mg, 90 % isolated yield.
IH NMR (500 MHz, CDCl3) 6 7.34-7.27 (m, 5H), 6.05 (br s, 1H),
Me 5.51 (brs, 1H), 4.23-4.10 (m, 4H), 1.56 (s, 3H), 1.26 (t, J = 2.4 Hz,
6H); 3C NMR (125 MHz, CDCls) ¢ 156.8, 155.9, 140.7, 128.6,
127.8, 127.3, 62.6, 62.0, 56.6, 16.8, 14.6, 14.5.

H
EtO,C. _N.
2¥>N" T CO,Et
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4. Optimization of Reaction Conditions
Table S-1. Effects of Fluorinating Agents
1d (10 mol%)

o) F-source (2.0 equiv) O )
Ph/\)J\H MeCN (0.2 M) Ph/\)J\F Ph/\)J\OH
5a rt., 2h 6a 6a’
Entry F-source Recovered 5a (%)? 6a Yield (%)? 6a’ Yield (%)?
1 Selectfluor 8 61 16
2 A 0 62 10
3 NFSI 53 15 19
4 B 95 <1 0
5 C >99 <1 0
6 D >99 <1 0

aYields were determined by "H NMR spectroscopy using benzotrifluoride as an
internal standard.

F-Source
- N

S\ ox PhOS. SOPh [ B |
F—N%N—\ '}l IJ\rl/ ltl/ IJ\rl/

ASER o F [ - L - [ -

F oTf F oTf F BF,

Selectfluor (X = BF,)

A (X = PFy) NFSI B c D
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Table S-2. Effects of Solvents and Temperature

1d (10 mol%)

o Selectfluor (2.0 equiv) o 0
ph/\)J\H Solvent (Conc.) ph/\)J\F Ph/\)kOH
5a Temp., 2 h 6a 6a'

Entry Solvent Conc. Temp. Recovered 5a(%)? 6a Yield (%)? 6a'Yield (%)?

1 MeCN 0.2 M r.t. 8 61 16
2 EtCN 0.2 M r.t. 79 <1 16
3 benzene 0.2 M r.t. 62 <1 28
4 DCE 0.2 M r.t. 80 <1 20
5 DMSO 02M r.t. >99 <1 <1
6 DMF 0.2 M r.t. 83 <1 <1
7 MeCN 04 M r.t. 23 42 21
8 MeCN 0.1 M r.t. 5 62 9
9 MeCN 0.1 M 0°C 71 7 10
10 MeCN 0.1MM 50°C <1 56 8

aYields were determined by "H NMR spectroscopy using benzotrifluoride as an internal standard.
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Table S-3. Optimizations for Fluorination and One-pot Amidation

Catalyst (x mol%)

0 Selectfluor (2.0 equw)= BnNH, (3.5 eqU|v)= /\)OJ\ Bn /\)OJ\
Ph H  MeCN (0.1 M) MeCN Ph N Ph OH
5a r.t., Time rt., 2h 7a 6a’
Entry Catalyst x (mol%) Time 7a Yield (%)?? 6a’ Yield (%)?
1 1d 10 2h 82 (78) 9
2 1e 10 2h 93 (85) <1
3 1e 5 2h 57 18
4 1e 1 20 h 17 83
5 1e 5 4h 78 11
6° 1e 5 4h 97 (99) <1
70d 1e 5 4h 99 <1
gede 1e 5 4h 99 (quant.) <1

aYields were determined by "H NMR spectroscopy using 1,1,2,2-tetrachloroethane as an
internal standard. °The value in parentheses is isolated yield. °Schlenk flask was used.
dSelectfluor (1.0 equiv) was used. ®BnNH,, (2.0 equiv) was used.
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5. General Procedure for Aldehydic C—H Fluorination Reaction

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (2.0 mmol, 1.0
equiv), 1e (62.4 mg, 0.20 mmol, 10 mol%), Selectfluor (1.42 g, 4.0 mmol, 2.0 equiv) and
MeCN (20 mL) under an argon atmosphere. After being stirred at room temperature for 4
h, the reaction mixture was quenched with H>O and extracted with ethyl acetate three
times. The combined organic layer was dried over Na>SO4 and concentrated. The residue
was purified by flash column chromatography on silica gel to afford the following

compounds.

3-Phenylpropanoyl Fluoride (62)
0 Colorless liquid; 161 mg, 53%.
F 'HNMR (500 MHz, CDCl3) 6 7.32 (t, J = 7.4 Hz, 2H), 7.25-7.21 (m,
3H), 3.00 (t, J= 7.7 Hz, 2H), 2.84 (t, J = 7.5 Hz, 2H); 13C NMR (125
MHz, CDCl3) 6 162.9 (d, Jc r=361.3 Hz), 139.0, 128.9, 128.4, 127.0, 34.0 (d, Jc r=51.3
Hz), 30.1; ’F NMR (470 MHz, CDCIl3) 6 45.4; HRMS (ESI) calculated for CoHoOFNa:
m/z 175.0530 ([M + Na]"), found: m/z 175.0529 ([M + Na]"); IR (neat) 2930, 1838, 1088,
1074, 748, 697 cm™".

Benzyl (3-Fluoro-3-oxopropyl)carbamate (6d)
0 White solid; 288 mg, 64%.

CbZ\NVJ\F TH NMR (500 MHz, CDCls) 6 7.38-7.31 (m, SH), 5.28 (br s, 1H),

" 5.10 (s, 2H), 3.49 (app q, 2H), 2.77 (t, J= 5.5 Hz, 2H); 3C NMR (125
MHz, CDCl3) 6 162.6 (d, Jc—r = 361.3 Hz), 156.4, 136.3, 128.7, 128.4, 128.3, 67.1, 36.0,
33.0 (d, Jc—r = 48.8 Hz); 'F NMR (470 MHz, CHCl3) ¢ 46.8; HRMS (ESI) calculated
for C11H1203NFNa: m/z 248.0693 ([M + Na]"), found: m/z 248.0696 ([M + Na]"); IR
(neat) 3335, 1838, 1698, 1252, 1094, 697 cm™".

6-Fluoro-6-oxohexyl Benzoate (6¢)

O The reaction was performed on 1.0 mmol scale.
Ph\n/OW\)J\F Colorless liquid; 123 mg, 52%.

O
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TH NMR (500 MHz, CDCl3) & 8.03 (dd, J = 8.5, 1.4 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H),
7.44 (t, J= 7.7 Hz, 2H), 4.34 (t, J = 6.5 Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 1.84-1.74 (m,
4H), 1.59-1.54 (m, 2H); 3C NMR (125 MHz, CDCL3) § 166.7, 163.4 (d, Jc ¢ = 360.0 Hz),
133.0, 130.4, 129.6, 128.5, 64.6, 32.1 (d, Jc ¢ = 51.3 Hz), 28.4, 25.4, 23.8; "YF NMR (470
MHz, CDCLs) 6 45.6; HRMS (ESI) calculated for Ci3His03FNa: m/z 261.0897 ([M +
Na]"), found: m/z 261.0902 (M + Na]"); IR (neat) 2950, 1837, 1714, 1315, 1271, 709

cm™!.

1-Tosylpiperidine-4-carbonyl Fluoride (6h)
0 White solid; 348 mg, 61%.

F THNMR (500 MHz, CDCls) § 7.64 (d, J= 8.2 Hz, 2H), 7.33 (d, J= 7.9
Ts N Hz, 2H), 3.55 (m, 2H), 2.63 (app t, 2H), 2.54-2.49 (m, 1H), 2.44 (s, 3H),
2.07-2.04 (m, 2H), 1.91 (td, J=13.7, 10.0 Hz, 2H); *C NMR (125 MHz, CDCl3) § 163.8
(d, Jor =367.5 Hz), 144.0, 133.1, 129.9, 127.8, 45.0, 38.6 (d, Jc_r = 50 Hz), 26.7, 21.6;
'F NMR (470 MHz, CDCls) 6 37.7; HRMS (ESI) calculated for C13H1703NFS: m/z
286.0908 ([M + H]"), found: m/z 286.0913 ([M + H]"); IR (neat) 2934, 1835, 1162, 931,
725 cm™!.

4-Methoxybenzoyl Fluoride (6m)
0 The reaction was conducted at 80 °C.
F  White solid; 244 mg, 79%.

MeO TH NMR (500 MHz, CDCls) ¢ 8.00 (d, J = 8.8 Hz, 2H), 6.98 (d, J =
8.8 Hz, 2H), 3.90 (s, 3H); '3C NMR (125 MHz, CDCl3) 6 165.4, 157.5 (d, Jc—r = 345 Hz),
133.9 (d, Jor = 3.8 Hz), 117.1 (d, Jor = 61.3 Hz), 114.6, 55.8; 'F NMR (470 MHz,
CHCl3) 6 16.1; HRMS (ESI) calculated for CsH70.FNa: m/z 177.0322 ([M + Na]"),
found: m/z 177.0322 ([M + Na]"); IR (neat) 2940, 1792, 1167, 1016, 758 cm™".

4-Methylbenzoyl Fluoride (6n)
o The reaction was performed on 5.0 mmol scale at 80 °C.

F Colorless liquid; 295 mg, 43%.

Me
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'TH NMR (500 MHz, CDCls) 6 7.93 (d, /= 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 2.45 (s,
3H); 3C NMR (125 MHz, CDCls) 6 157.7 (d, Jc—r = 343.3 Hz), 146.7, 131.6 (d, Jcr =
3.6 Hz), 129.9, 122.2 (d, Jc—r = 60.8 Hz), 22.0; '"F NMR (470 MHz, CHCl3) J 17.5;
HRMS (ESI) calculated for CsH70FNa: m/z 161.0373 ([M + Na]"), found: m/z 161.0374
(IM + Na]"); IR (neat) 2925, 1800, 1255, 1032, 738 cm™".

Cinnamoyl Fluoride (60)

0o The reaction was conducted at 80 °C.
Ph N F  Colorless liquid; 209 mg, 69%.
TH NMR (500 MHz, CDCls) 6 7.84 (d, J = 15.9 Hz, 1H), 7.58-7.56 (m, 2H), 7.46 (m,
3H), 6.38 (dd,J=15.9, 7.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) § 157.1 (d, Jc-r = 338.6
Hz), 151.5 (d, Jcr = 6.0 Hz), 133.27, 131.9, 129.2, 128.8, 112.1 (d, Jc-r = 66.8 Hz); ’F
NMR (470 MHz, CHCI3) ¢ 25.7; HRMS (ESI) calculated for CoH7OFNa: m/z 173.0373

(IM + NaJ*), found: m/z 173.0371 ([M + Na]"); IR (neat) 1790, 1628, 1187, 1103, 762

cm™!.
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6. General Procedure for One-pot Transformation

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), le (3.1 mg, 0.01 mmol, 5 mol%), Selectfluor (71 mg, 0.2 mmol, 1.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at room temperature for
4 h, benzylamine (44 pL, 0.4 mmol, 2.0 equiv) was added and the mixture was stirred at
room temperature for 2 h. The reaction mixture was quenched with H>O and extracted
with ethyl acetate three times. The combined organic layer was dried over Na>SO4 and
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

N-Benzyl-3-phenylpropanamide (7a)’
0 White solid; 48 mg, quant.
NHBn 'H NMR (500 MHz, CDCls) ¢ 7.30-7.23 (m, 5H), 7.22-7.16 (m,
3H), 7.14-7.13 (m, 2H), 5.80 (br s, 1H), 4.38 (d, J = 5.7 Hz, 2H),
2.98 (t,J = 7.7 Hz, 2H), 2.50 (t, J = 7.7 Hz, 2H); 3C NMR (125 MHz, CDCl3)  172.1,
140.9, 138.3, 128.7, 128.6, 128.5, 127.8, 127.5, 126.3, 43.6, 38.5, 31.8.

N-Benzylhexanamide (7b)’

O White solid; 29 mg, 70%.
Me/\/\)J\NHBn 'H NMR (500 MHz, CDCls) 6 7.33-7.30 (m, 2H), 7.26 (m,
3H), 5.86 (brs, 1H), 4.41 (d, J= 5.7 Hz, 2H), 2.19 (t, J = 7.7 Hz, 2H), 1.67-1.61 (m, 2H),
1.30 (m, 4H), 0.88 (t, /= 6.8 Hz, 3H); '3C NMR (125 MHz, CDCl3) § 173.2, 138.5, 128.8,
127.9,127.6,43.7,36.9, 31.6, 25.6, 22.5, 14.0.

N-Benzyl-3-methylbutanamide (7¢)’?

Me O White solid; 37 mg, 98%.
Me NHBn 'H NMR (500 MHz, CDCls) 6 7.32-7.26 (m, 2H), 7.26-7.24 (m,
3H), 5.81 (brs, 1H), 4.41 (d,J = 5.7 Hz, 2H), 2.15-2.08 (m, 1H), 2.05 (d, J=7.1 Hz, 2H),
0.94 (d,J= 6.5 Hz, 6H); 13C NMR (125 MHz, CDCl3) J 172.5, 138.6, 128.8, 127.9, 127.6,
46.2,43.6, 26.3, 22.6.

Benzyl (3-(Benzylamino)-3-oxopropyl)carbamate (7d)
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0 White solid; 45 mg, 72%.
Oz~ A g TH NMR (500 MHz, CDCls) 6 7.35-7.31 (m, 6H), 7.27 (m, 4H),
" 5.90 (br s, 1H), 5.45 (br s, 1H), 5.08 (s, 2H), 4.42 (d, J = 5.7 Hz,
2H), 3.50 (app q, 2H), 2.45 (t, J = 5.7 Hz, 2H); 3C NMR (125 MHz, CDCl3) d 171.2,
156.7, 138.1, 136.7, 128.9, 128.7, 128.2, 128.1, 127.9, 127.8, 66.8, 43.8, 37.3, 36.2;
HRMS (ESI) calculated for CisH2003N2Na: m/z 335.1366 ([M + Na]"), found: m/z
335.1370 ([M + Na]"); IR (neat) 3301, 1690, 1642, 1544, 1266, 733, 695 cm™!.

6-(Benzylamino)-6-oxohexyl Benzoate (7e)

0O White solid; 65 mg, quant.
Ph\n/o\/\/\)J\NHBn H NMR (500 MHz, CDCl3) 6 8.02 (d, J = 7.1 Hz, 2H),
O 7.55 (t, J = 7.4 Hz, 1H), 7.42 (1, J = 7.7 Hz, 2H), 7.31 (¢,

J=172Hz, 2H),7.25 (d,J=7.7 Hz, 3H), 6.02 (br s, 1H), 4.41 (d, J= 5.7 Hz, 2H), 4.30 (t,
J=6.7Hz, 2H), 2.23 (t,J = 7.7 Hz, 2H), 1.80-1.70 (m, 4H), 1.51-1.44 (m, 2H); 3C NMR
(125 MHz, CDClz) § 172.7, 166.7, 138.5, 133.0, 130.4, 129.6, 128.7, 128.4, 127.8, 127.5,
64.9, 43.6, 36.6, 28.6, 25.8, 25.4; HRMS (ESI) calculated for C20H2403N: m/z 326.1751
([M +HT"), found: m/z 326.1751 (M + H]"); IR (neat) 3289, 1715, 1644, 1314, 710 cm™".

N-Benzyl-3-(benzyloxy)propanamide (7f)
O Orange solid; 24 mg, 45%.

Bn\O/\)J\NHBn THNMR (500 MHz, CDCl3) 6 7.37 (app d, 1H), 7.32-7.29 (m, 5H),
7.26 (app t, 2H), 7.23-7.21 (m, 2H), 6.53 (br s, 1H), 4.51 (s, 2H), 4.44 (d, J=5.7 Hz, 2H),
3.77 (t, J = 5.7 Hz, 2H), 2.55 (t, J = 5.8 Hz, 2H); 3C NMR (125 MHz, CDCl3) J 171.5,
138.4, 137.7, 128.8, 128.6, 128.0, 127.9, 127.8, 127.5, 73.5, 66.5, 43.6, 37.3; HRMS
(ESI) calculated for C17H1902NNa: m/z 292.1308 ([M + Na]"), found: m/z 292.1309 ([M
+Na]"); IR (neat) 3294, 2925, 1647, 1545, 1094, 736, 698 cm™".

N-Benzylcyclohexanecarboxamide (7g)’’
o White solid; 35 mg, 81%.

O)L NHBn 'H NMR (500 MHz, CDCl3) § 7.32 (t, J = 7.5 Hz, 2H), 7.27-7.24 (m,
3H), 5.84 (brs, 1H), 4.42 (d, J= 5.7 Hz, 2H), 2.11 (tt, J=11.8, 3.4 Hz,
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1H), 1.88 (m, 2H), 1.78 (m, 2H), 1.67 (m, 1H), 1.49-1.42 (m, 2H), 1.24 (m, 3H); 3C
NMR (125 MHz, CDCls) 6 176.1, 138.7, 128.8, 127.8, 127.5, 45.6, 43.5, 29.8, 25.8 (Two

peaks were overlapped).

N-Benzyl-1-tosylpiperidine-4-carboxamide (7h)
o) White solid; 52 mg, 70%.

O)J\NHBH TH NMR (500 MHz, CDCI3) 6 7.63 (d, J = 8.2 Hz, 2H), 7.31 (app
TS/N d, 4H), 7.28 (d, /= 7.1 Hz, 1H), 7.22 (d, J = 7.4 Hz, 2H), 5.72 (br
s, 1H), 4.40 (d,J=5.7 Hz, 2H), 3.75 (d, /= 11.9 Hz, 2H), 2.43 (s, 3H), 2.38 (td, J=11.5,
2.6 Hz, 2H), 2.10-2.04 (m, 1H), 1.91 (m, 2H), 1.82 (m, 2H); *C NMR (125 MHz, CDCl3)
0 173.5, 143.7, 138.2, 133.4, 129.8, 128.9, 127.9, 127.8 (Two peaks were overlapped),
45.6,43.7,42.3, 28.3, 21.7; HRMS (ESI) calculated for C20H2503N>S: m/z 373.1580 ([M
+ H]"), found: m/z 373.1585 ([M + H]"); IR (neat) 3295, 1646, 1160, 931 cm™".

N-Benzyltetrahydro-2H-pyran-4-carboxamide (7i)’

O The reaction was conducted at 50 °C.

O)J\NHBn White solid; 32 mg, 74%.
° TH NMR (500 MHz, CDCl3) 6 7.33 (t, J = 7.2 Hz, 2H), 7.29-7.25 (m,

3H), 5.79 (brs, 1H), 4.44 (d, J = 5.4 Hz, 2H), 4.01 (d, J= 11.3 Hz, 2H), 3.40 (t, J= 11.5
Hz, 2H), 2.40-2.33 (m, 1H), 1.87-1.76 (m, 4H); 3C NMR (125 MHz, CDCls) 6 174.3,
138.3, 128.9, 127.9, 127.7, 67.4, 43.7, 42.4, 29.4.

Benzyl ((18, 2R)-3-(Benzylamino)-2-methyl-3-oxo-1-phenylpropyl)carbamate (7k)
CbZ\NH o White solid; 34 mg, 42%; 99% ee, anti/syn =>20/1.
Ph _ NHBN TH NMR (500 MHz, CDCl3) 6 7.36 (m, 4H), 7.28 (m, 3H), 7.24 (m,
Me 2H), 7.21 (t,J=3.1 Hz, 3H), 6.95 (d, /= 8.5 Hz, 1H), 6.88 (s, 2H),
5.49 (br s, 1H), 5.10 (m, 3H), 4.85 (q, J = 4.0 Hz, 1H), 4.31 (dd, J = 14.9, 6.4 Hz, 1H),
4.13 (dd, J = 14.9, 5.0 Hz, 1H), 2.62-2.60 (m, 1H), 1.36 (d, J = 6.8 Hz, 3H); ¥*C NMR
(125 MHz, CDCl3) 0 174.4, 156.5, 141.6, 137.6, 136.8, 128.7, 128.5, 128.4, 128.2, 128.0,
127.6, 127.5, 127.4, 126.2, 66.8, 58.1, 46.6, 43.3, 16.6; HRMS (ESI) calculated for

C25H2703Ny: m/z 403.2016 ([M + H]"), found: m/z 403.2019 (IM + H]"); IR (neat) 3320,

S24



1687, 1647, 1058, 697 cm™'; HPLC analysis: Daicel Chiralpak IC-3, hexane/i-PrOH =
2/1, flow rate = 1.0 mL/min, retention time; 16.1 min (major) and 35.4 min; [a]p*® =-16.6

(c 1.5, CHCls, 99% ee).

N-Benzylbenzamide (71)7#

0 The reaction was conducted at 80 °C.

©)J\NHBn White solid; 34 mg, 80%.
IH NMR (500 MHz, CDCl3) 6 7.79 (d, J=7.1 Hz, 2H), 7.50 (t, J = 7.4

Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.35 (app d, 4H), 7.32-7.28 (m, 1H), 6.50 (br s, 1H),
4.64 (d,J=5.7 Hz, 2H); 13C NMR (125 MHz, CDCL3) 6 167.5, 138.3, 134.5, 131.7, 128.9,
128.7, 128.1, 127.8, 127.1, 44.3.

N-Benzyl-4-methoxybenzamide (7m)’

0 The reaction was conducted at 80 °C.

/©)J\NHBn White solid; 44 mg, 91%.
MeO 'H NMR (500 MHz, CDCl3) § 7.72 (d, J = 7.9 Hz, 2H), 7.26 (m,

4H), 7.22 (t, J = 4.3 Hz, 1H), 6.82 (d, J = 8.8 Hz, 2H), 4.53 (d, J = 5.7 Hz, 2H), 3.76 (s,
3H); 1*C NMR (125 MHz, CDCl3) 6 167.1, 162.2, 138.6, 128.9, 128.7, 127.8, 127.4, 126.7,
113.7, 55.4, 44.0.

N-Benzyl-4-methylbenzamide (7n)’#

O The reaction was conducted at 80 °C.

/@ALNHBn White solid; 33 mg, 74%.
Me TH NMR (500 MHz, CDCl3) 6 7.69 (d, J = 8.2 Hz, 2H), 7.35 (app

d,J=4.5Hz, 4H), 7.32-7.28 (m, 1H), 7.22 (d, J= 7.9 Hz, 2H), 6.42 (br s, 1H), 4.64 (d, J
= 5.7 Hz, 2H), 2.39 (s, 3H); 3C NMR (125 MHz, CDCl3) § 167.5, 142.1, 138.4, 131.8,
129.4, 128.9, 128.1, 127.7, 127.1, 44.2, 21.6.

N-Benzylcinnamamide (70)’#
0 The reaction was conducted at 80 °C.

Ph/\)J\NHBn White solid; 26 mg, 54%.
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TH NMR (500 MHz, CDCl3) 6 7.68 (d, J = 15.6 Hz, 1H), 7.50 (dd, J = 7.5, 2.1 Hz, 2H),
7.39-7.33 (m, 7H), 7.29 (t, J = 8.6 Hz, 1H), 6.41 (d, J = 15.6 Hz, 1H), 5.89 (br s, 1H),
4.59 (d,J=5.7 Hz, 2H); 1*C NMR (125 MHz, CDCl3) 6 165.9, 141.5, 138.3, 134.9, 129.8,
128.93, 128.87, 128.0, 127.9, 127.7, 120.6, 44.0.
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7. Derivatizations of Acyl Fluoride

Procedure A

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), le (3.1 mg, 0.01 mmol, 5 mol%), Selectfluor (71 mg, 0.2 mmol, 1.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at room temperature for
4 h, an amine (0.4 mmol, 2.0 equiv) was added, and the mixture was stirred at room
temperature for 2 h. The reaction mixture was quenched with H>O and extracted with ethyl
acetate three times. The combined organic layer was dried over Na>SO4 and concentrated.
The residue was purified by flash column chromatography on silica gel to afford the

following compounds.

Procedure B

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), le (3.1 mg, 0.01 mmol, 5 mol%), Selectfluor (71 mg, 0.2 mmol, 1.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at room temperature for
4 h, an amine hydrochloride (0.2 mmol, 1.0 equiv) and triethylamine (84 pL, 0.6 mmol,
3.0 equiv) were added, and the mixture was stirred at room temperature for 2 h. The
reaction mixture was quenched with H>O and extracted with ethyl acetate three times. The
combined organic layer was dried over NaxSO4 and concentrated. The residue was purified

by flash column chromatography on silica gel to afford the following compounds.

Procedure C

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), le (3.1 mg, 0.01 mmol, 5 mol%), Selectfluor (71 mg, 0.2 mmol, 1.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at room temperature for
4 h, oxazolidin-2-one (17 mg, 0.2 mmol, 1.0 equiv), 4-dimethylaminopyridine (24 mg, 0.2
mmol, 1.0 equiv) and triethylamine (56 pL, 0.4 mmol, 2.0 equiv) were added, and the
mixture was stirred at room temperature for 2 h. The reaction mixture was quenched with
H>0 and extracted with ethyl acetate three times. The combined organic layer was dried
over NaxSO4 and concentrated. The residue was purified by flash column chromatography

on silica gel to afford the following compounds.
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Procedure D

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), 1le (3.1 mg, 0.01 mmol, 5 mol%), Selectfluor (71 mg, 0.2 mmol, 1.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at room temperature for
4 h, an alcohol or dodecanethiol (2.0 mmol, 10 equiv), 4-dimethylaminopyridine (24 mg,
0.2 mmol, 1.0 equiv) and triethylamine (56 pL, 0.4 mmol, 2.0 equiv) were added, and the
mixture was stirred at room temperature for 2 h. The reaction mixture was quenched with
H>0 and extracted with ethyl acetate three times. The combined organic layer was dried
over Na;SOgs and concentrated. The residue was purified by flash column chromatography

on silica gel to afford the following compounds.

Procedure E

A Schlenk tube with a magnetic stir bar was charged with an aldehyde (0.2 mmol, 1.0
equiv), 1e (6.2 mg, 0.02 mmol, 10 mol%), Selectfluor (142 mg, 0.4 mmol, 2.0 equiv) and
MeCN (2.0 mL) under an argon atmosphere. After being stirred at 50 °C for 4 h,
triethylamine (112 pL, 0.8 mmol, 4.0 equiv) was added, and the mixture was stirred at
room temperature for 2 h. The reaction mixture was quenched with H>O and extracted
with ethyl acetate three times. The combined organic layer was dried over Na>SO4 and
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compounds.

3-Phenyl-1-(pyrrolidin-1-yl)propan-1-one (82a)"’
0 This compound was synthesized by procedure A.
N Yellow liquid; 40 mg, 99%.
TH NMR (500 MHz, CDCI3) 6 7.31 (t, J = 7.7 Hz, 2H), 7.26-7.21
(m, 3H), 3.49 (t,J= 6.8 Hz, 2H), 3.31 (t,J = 6.8 Hz, 2H), 3.01 (t, /= 7.9 Hz, 2H), 2.59 (t,
J=7.9Hz, 2H), 1.93-1.81 (m, 4H); ¥C NMR (125 MHz, CDCl3) 6 170.8, 141.6, 128.52,
128.50, 126.1, 46.6, 45.7, 36.8, 31.3, 26.1, 24.5.

N-Methoxy-N-methyl-3-phenylpropanamide (8b)’¢

S28



o) This compound was synthesized by procedure B.

©/\)J\N/OM6 Colorless liquid; 37 mg, 96%.
[
Me TH NMR (500 MHz, CDCl3) 6 7.29 (t, J = 7.4 Hz, 2H), 7.24—

7.18 (m, 3H), 3.60 (s, 3H), 3.18 (s, 3H), 2.98-2.94 (m, 2H), 2.75 (t, J = 7.5 Hz, 2H); 3C
NMR (125 MHz, CDCl3) 0 173.8, 141.5, 128.6 (Two peaks were overlapped), 126.2, 61.3,
33.9,32.3, 30.8.

Methyl (3-Phenylpropanoyl)glycinate (8c)

O This compound was synthesized by procedure B.

©/\)J\”/\(g(OMe Yellow solid; 38 mg, 85%.
IH NMR (500 MHz, CDCl3) 6 7.30~7.26 (m, 2H), 7.20 (m,

3H), 5.96 (br s, 1H), 4.02 (d, J = 5.1 Hz, 2H), 3.74 (s, 3H), 2.98 (1, J = 7.9 Hz, 2H), 2.55
(t, J = 7.9 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 172.4, 170.5, 140.8, 128.6, 128.4,
126.4, 52.5, 41.3, 38.1, 31.5; HRMS (ESI) calculated for Ci2Hi503NNa: m/z 244.0944
([M + Na]"), found: m/z 244.0943 ([M + NaJ*); IR (neat) 3306, 1750, 1655, 1208, 700
cm™!.
Methyl (3-Phenylpropanoyl)-L-alaninate (8d)’”

O Me This compound was synthesized by procedure B.

©/\)LN)\[( OMe " White solid; 35 mg, 75%; 99% ee.
H
O 'TH NMR (500 MHz, CDCls) 6 7.28 (t, J = 7.5 Hz, 2H),

7.21-7.18 (m, 3H), 5.93 (br s, 1H), 4.61-4.56 (m, 1H), 3.73 (s, 3H), 2.97 (t, /= 7.7 Hz,
2H), 2.57-2.46 (m, 2H), 1.34 (d, J= 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3) § 173.7,
171.6, 140.8, 128.7, 128.5, 126.4, 52.6, 48.1, 38.4, 31.7, 18.7; HPLC analysis: Daicel
Chiralpak IC-3, hexane/i-PrOH = 10/1, flow rate = 1.0 mL/min, retention time; 26.3 min
(major) and 34.6 min; [a]p®® =—2.3 (¢ 0.8, CHCls, 99% ee).

3-(3-Phenylpropanoyl)oxazolidin-2-one (8¢)’®
o) o  This compound was synthesized by procedure C.
NJ(O White solid; 33 mg, 75%.

L
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TH NMR (500 MHz, CDCl3) 6 7.31 (t, J = 7.7 Hz, 2H), 7.28-7.26 (m, 2H), 7.22 (t, J =
7.2 Hz, 1H), 4.42 (t, J = 8.1 Hz, 2H), 4.03 (t, J = 8.1 Hz, 2H), 3.28 (t, J = 7.7 Hz, 2H),
3.01 (t, J = 7.7 Hz, 2H); 3C NMR (125 MHz, CDCLs) 6 172.6, 153.6, 140.6, 128.65,
128.57, 126.3, 62.2, 42.6, 36.9, 30.3.

Ethyl 3-Phenylpropanoate (8f)
O This compound was synthesized by procedure D.
OEt Colorless liquid; 33 mg, 93%.

'H NMR (500 MHz, CDCl3) § 7.31-7.28 (m, 2H), 7.22-7.19 (m,
3H), 4.14 (q, J=7.2 Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 2.63 (t, /= 7.7 Hz, 2H), 1.24 (t, J
= 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) ¢ 173.0, 140.7, 128.6, 128.4, 126.3, 60.5,
36.1, 31.1, 14.3; HRMS (ESI) calculated for C11H1402Na: m/z 201.0886 ([M + Na]"),
found: m/z 201.0887 (M + Na]"); IR (neat) 2979, 1732, 1160, 749, 698 cm™".

Benzyl 3-Phenylpropanoate (8g)"’

0o This compound was synthesized by procedure D.

©/\)J\OBn Colorless liquid; 43 mg, 90%.
TH NMR (500 MHz, CDCls) 6 7.39-7.28 (m, 7H), 7.23-7.20 (m,

3H), 5.13 (s, 2H), 2.99 (t, J = 7.8 Hz, 2H), 2.70 (t, J = 7.8 Hz, 2H); 1*C NMR (125 MHz,
CDCls) 6 172.8, 140.5, 136.0, 128.7, 128.6, 128.4, 128.3, 128.0, 126.4, 66.4, 36.0, 31.1.

(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl 3-phenylpropanoate (8h)
Me This compound was synthesized by procedure D.
0 - Colorless liquid; 45 mg, 78%.

@/\)J\O\“? TH NMR (500 MHz, CDCl3) 6 7.30-7.26 (m, 2H), 7.22—

Me “Me /-18(m,3H),4.68 (td,/=10.9,4.3 Hz, 1H),2.96 (t,J=8.1
Hz, 2H), 2.62 (t, J = 7.8 Hz, 2H), 1.97-1.92 (m, 1H), 1.77-1.70 (m, 1H), 1.70-1.63 (m,
2H), 1.51-1.44 (m, 1H), 1.37-1.31 (m, 1H), 1.09-1.00 (m, 1H), 0.97-0.92 (m, 2H), 0.90
(d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H), 0.71 (d, J = 7.1 Hz, 3H); 3C NMR (125

MHz, CDCl3) 0 172.6, 140.7, 128.5, 128.4, 126.3, 74.3,47.1, 41.0, 36.3, 34.4, 31.5, 31.2,
26.3,23.5,22.1,20.9, 16.4; HRMS (ESI) calculated for C19H2802Na: m/z 311.1982 ([M
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+ Na]"), found: m/z 311.1990 ([M + Na]"); IR (neat) 2954, 2927, 1730, 1455, 1175, 698

CIIT1 .

S-Dodecyl 3-Phenylpropanethioate (8i)?’

0 This compound was synthesized by procedure D.

©/\)J\SC12H25 Colorless liquid; 66 mg, 98%;
'TH NMR (500 MHz, CDCls) ¢ 7.28 (m, 2H), 7.20 (app t, 3H),

2.99 (t, J = 7.8 Hz, 2H), 2.89-2.84 (m, 4H), 1.60-1.53 (m, 3H), 1.26 (m, 17H), 0.90 (t, J
= 6.9 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 198.8, 140.3, 128.6, 128.4, 126.4, 45.7,
32.1,31.7,31.6,29.8,29.72, 29.67, 29.62, 29.5, 29.3, 29.1, 28.9, 22.8, 14.2.

3-Isopropyl-4-(4-nitrophenyl)oxetan-2-one (10)
0 This compound was synthesized by procedure E.
Brown solid; 25 mg, 53%; anti/syn = >20/1.
Me "H NMR (500 MHz, CDCl5) 6 8.29 (d, J = 8.7 Hz, 2H), 7.56 (d,
Me Q J=28.7Hz, 2H), 5.36 (d, /= 4.1 Hz, 1H), 3.33 (q, J/ = 4.3 Hz,
1H), 2.31 (dt, J = 21.7, 6.7 Hz, 1H), 1.18 (d, J = 6.8 Hz, 3H),
1.14 (d,J=6.8 Hz, 3H); 3C NMR (125 MHz, CDCl3) 6 169.3, 148.3, 144.8, 126.3, 124.4,
74.4,67.6,28.2, 20.5, 19.9; HRMS (ESI) calculated for C12H1404N: m/z 236.0917 ([M +
H]"), found: m/z 236.0937 ((M + H]"); IR (neat) 2964, 1828, 1522, 1348, 1106 cm".

NO,
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8. Procedures for Synthesis of Unsymmetrical Ketones from Acyl Fluoride
Procedure for Suzuki-Miyaura Coupling Reaction of Acyl Fluoride

To a Schlenk tube, Pd(OAc)2 (2.2 mg, 0.01 mmol, 1 mol%), P(4-MeOCsH4)3 (14.0 mg,
0.04 mmol, 4 mol%), KF (87.1 mg, 1.5 mmol, 1.5 equiv), phenylboronic acid (0.183 g,
1.5 mmol. 1.5 equiv) and toluene (2.0 mL) were added. To the mixture was added 3-
phenylpropanoyl fluoride 6a (141 uL, 1.0 mmol, 1.0 equiv), and the mixture was stirred
overnight at 120 °C. The reaction mixture was quenched with H>O and extracted with
ethyl acetate three times. The combined organic layer was dried over Na>SO4 and
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

1,3-Diphenylpropan-1-one (11a)*’
O White solid, 160 mg, 76%.
IH NMR (500 MHz, CDCl3) § 7.99 (d, J = 8.2 Hz, 2H), 7.57 (t, J
= 7.4 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H),
7.30 (d, J = 7.4 Hz, 2H), 7.25 (t, J = 7.2 Hz, 1H), 3.33-3.30 (m, 2H), 3.11 (t, J = 7.7 Hz,
2H); 13C NMR (125 MHz, CDCl3) 6 199.1, 141.3, 136.8, 133.0, 128.6, 128.5, 128.4, 128.0,
126.1, 40.4, 30.1.

Procedure for Friedel-Crafts Acylation of Aromatic Compounds with Acyl Fluoride
(Scheme 4b)

The solution of 3-phenylpropanoyl fluoride 6a (28.3 pL, 0.2 mmol, 1.0 equiv) in MeCN
(2.0 ml) was treated with TMSOTT (44 pL, 0.24 mmol, 1.2 equiv), followed by addition
of 1,3-dimethoxybenzene (a) (29 pL, 0.2 mmol, 1.0 equiv). After being stirred overnight
at room temperature, the solvent was evaporated and the residue was purified by flash

column chromatography on silica gel to afford the following compound.

1-(2,4-Dimethoxyphenyl)-3-phenylpropan-1-one (11b)
O  OMe Orange liquid, 36 mg, 67%.
O O THNMR 6 7.83 (d, J = 8.8 Hz, 1H), 7.30 (t, J= 7.5 Hz, 2H),
OMe 7.27-7.25 (m, 2H), 7.20 (t, J = 7.1 Hz, 1H), 6.54 (dd, J =
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8.8,2.3 Hz, 1H), 6.46 (d, J= 2.3 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H), 3.28 (t, /= 7.8 Hz,
2H), 3.02 (t, J = 7.8 Hz, 2H); 13C NMR (125 MHz, CDCl3) 6 199.5, 164.5, 160.9, 142.1,
132.9, 128.6, 128.5, 125.9, 121.2, 105.3, 98.5, 55.64, 55.58, 45.4, 30.8; HRMS (ESI)
calculated for Ci7H1903: m/z 271.1329 (M + H]"), found: m/z 271.1330 ([M + H]"); IR
(neat) 2940, 1598, 1285, 1028cm™".

Procedure for Reaction of Acyl Fluoride with Wittig Reagent (Scheme 4c)

A Schlenk tube with a magnetic stir bar was charged with 3-phenylpropanoyl fluoride 6a
(71 uL, 0.5 mmol, 1.0 equiv), methyl 2-(triphenyl-A>-phosphanylidene)acetate (167 mg,
0.5 mmol, 1.0 equiv), KF (0.17 g, 3.0 mmol, 6.0 equiv) and MeCN (0.5 mL) under an
argon atmosphere. After being stirred overnight at 90 °C, the reaction mixture was
concentrated. The residue was purified by flash column chromatography on silica gel to

afford the following compound.

Methyl 3-Oxo-5-phenylpentanoate (11c¢)
O O Yellow liquid, 62 mg, 60%.
oMe 'H NMR (500 MHz, CDCl3) § 7.28 (t, J = 7.4 Hz, 2H), 7.19
(m, 3H), 3.72 (s, 3H), 3.44 (s, 2H), 2.94-2.91 (m, 2H), 2.89—
2.86 (m, 2H); 13C NMR (125 MHz, CDCls) d 201.8, 167.6, 140.6, 128.7, 128.4, 126.4,
52.5,49.3, 44.6,29.6; HRMS (ESI) calculated for C12H1403Na: m/z 229.0835 (M + Na]"),
found: m/z 229.0836 (M + Na]"); IR (neat) 2925, 1743, 1716, 1260, 1260, 699 cm™".

Procedure for Allylation of Acyl Fluoride (Scheme 4d)

To a solution of allyltrimethylsilane (95 pL, 0.6 mmol, 1.2 equiv) in anhydrous CH2Cl»
(1.0 mL) was added 3-phenylpropanoyl fluoride 6a (71 pL, 0.5 mmol, 1.0 equiv) slowly
at —78 °C. After being stirred at —78 °C for several minutes, TiCls (1.0 M in CH2Cl», 500
pL, 0.5 mmol, 1.0 equiv) was added to the reaction mixture. After being stirred for 6 h,
the reaction mixture was quenched with saturated aqueous NH4Cl solution before being

warmed to room temperature and then extracted with CH>Cl, three times. The combined
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organic layer was dried over Na>SO4 and concentrated. The residue was purified by flash

column chromatography on silica gel to afford the following compound.

1-Phenylhex-5-en-3-one (11d)*?
0 Colorless liquid, 71 mg, 81%.
X 'HNMR (500 MHz, CDCl3)  7.29 (t,J = 7.4 Hz, 2H), 7.22-7.19
(m, 3H), 5.96-5.88 (m, 1H), 5.20-5.12 (m, 2H), 3.16 (d, J = 7.1
Hz, 2H), 2.91 (t, J = 7.7 Hz, 2H), 2.78 (t, J = 7.5 Hz, 2H); '3C NMR (125 MHz, CDCl;3)
0207.8,141.0, 130.5, 128.6, 128.4, 126.2, 119.0, 48.0, 43.9, 29.7.

Procedure for Acylation of Silyl Ketene Acetal (Scheme 4e)

To a Schlenk tube, 3-phenylpropanoyl fluoride 6a (28.3 pL, 0.2 mmol, 1.0 equiv),
trimethyl((3-phenyl-4,5-dihydrofuran-2-yl)oxy)silane (b) (91 pL, 0.4 mmol, 2.0 equiv)
and toluene (800 pL) were added. To the mixture was added #-Bu3SnF (124 mg, 0.4 mmol,
2.0 equiv), and the mixture was stirred overnight at 120 °C. The reaction mixture was
quenched with H>O and extracted with ethyl acetate three times. The combined organic
layer was dried over Na;SO4and concentrated. The residue was purified by flash column

chromatography on silica gel to afford the following compound.

3-Phenyl-3-(3-phenylpropanoyl)dihydrofuran-2(3H)-one (11e)
o O Yellow liquid, 57 mg, 96%.
Ph o 'HNMR (500 MHz, CDCl3) 6 7.33 (m, 3H), 7.28 (d, J = 7.7 Hz,
Ph 2H), 7.20 (t, J = 7.4 Hz, 2H), 7.14 (t, J = 7.4 Hz, 1H), 7.04 (d, J =
7.1 Hz, 2H), 4.28-4.24 (m, 1H), 4.19-4.15 (m, 1H), 3.34-3.28 (m, 1H), 3.09-3.03 (m,
1H), 2.80 (dt, J = 10.3, 4.2 Hz, 2H), 2.70 (qd, J = 8.7, 6.6 Hz, 1H), 2.38-2.33 (m, 1H);
13C NMR (125 MHz, CDCls) 6 202.5, 173.5, 140.5, 136.3, 129.4, 128.4 (Three peaks
were overlapped.), 126.8, 126.1, 65.7, 65.6, 40.1, 33.5, 30.1; HRMS (ESI) calculated for
C1oH1s03Na: m/z 317.1148 (M + Na]"), found: m/z 317.1165 ((M +Na]"); IR (neat) 1778,
1692, 1389, 1226, 756 cm™".
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9. Procedures for Mechanistic Studies

Procedure for Reaction in the Presence of TEMPO

A Schlenk tube with a magnetic stir bar was charged with aldehyde 5a (27 pL, 0.2 mmol,
1.0 equiv), 1e (6.2 mg, 0.02 mmol, 10 mol%), Selectfluor (142 mg, 0.4 mmol, 2.0 equiv),
TEMPO (62.5 mg, 0.40 mmol, 2.0 equiv) and MeCN (1.0 mL) under an argon atmosphere.
After being stirred at room temperature for 4 h, the reaction mixture was quenched with
H>0 and extracted with ethyl acetate three times. The combined organic layer was dried

over Na,SOs and concentrated. The residue was analyzed by '"H NMR.

Procedure for Trapping of N-Oxyl Radical Derived from 1le

A Schlenk tube with a magnetic stir bar was charged with 1e (62.4 mg, 0.20 mmol, 1.0
equiv), Selectfluor (70.8 mg, 0.20 mmol, 1.0 equiv), TEMPO (62.5 mg, 0.40 mmol, 2.0
equiv) and MeCN (1.0 mL). To the solution was added styrene (27.6 pL, 0.24 mmol, 1.2
equiv) via syringe under an argon atmosphere. After being stirred at room temperature for
4 h, the reaction mixture was passed through a short silica gel pad using MeCN/MeOH
(v/v=10/1) as an eluent, and the solution was concentrated. The residue was analyzed by

"H NMR and HRMS.

Procedure for Trapping of N-Oxyl Radical Derived from le in the absence of
Selectfluor

A Schlenk tube with a magnetic stir bar was charged with 1e (62.4 mg, 0.20 mmol, 1.0
equiv), TEMPO (62.5 mg, 0.40 mmol, 2.0 equiv) and MeCN (1.0 mL). To the solution
was added styrene (27.6 uL, 0.24 mmol, 1.2 equiv) via syringe under an argon atmosphere.
After being stirred at room temperature for 4 h, the reaction mixture was passed through
a short silica gel pad using MeCN/MeOH (v/v = 10/1) as an eluent, and the solution was
concentrated. The residue was analyzed by '"H NMR and HRMS.

S35



Procedure for C—H Arylation of Cyclooctane with Isoquinoline

A Schlenk tube with a magnetic stir bar was charged with 1e (12.5 mg, 0.040 mmol, 20
mol%), Selectfluor (142 mg, 0.40 mmol, 2.0 equiv), isoquinoline (25.8 mg, 0.20 mmol,
1.0 equiv) and MeCN (1.5 mL). To the solution was added cyclooctane (1.0 mL) and
trifluoroacetic acid (23.0 puL, 0.30 mmol, 1.5 equiv) via syringe under an argon atmosphere.
After being stirred at 80 °C for 4 h, the reaction mixture was cooled to room temperature,
quenched with saturated aqueous NaHCO3 and extracted with ethyl acetate three times.
The combined organic layer was dried over NaxSOs4 and concentrated. The residue was

purified by flash column chromatography on silica gel to afford the following compound.

1-Cyclooctylisoquinoline (13)%
Yellow liquid; 32 mg, 68%.
H NMR (500 MHz, CDCl3) 0 8.46 (d, J = 5.7 Hz, 1H), 8.21 (d, J = 8.5 Hz,
SN 1H), 7.81 (d, J= 8.2 Hz, 1H), 7.67-7.64 (m, 1H), 7.61-7.57 (m, 1H), 7.47 (d,
7 J=5.7 Hz, 1H), 3.86-3.81 (m, 1H), 2.11-1.97 (m, 4H), 1.901.87 (m, 2H),
1.78-1.63 (m, 8H); 3C NMR (125 MHz, CDCls) 6 168.0, 141.9, 136.6, 129.6, 127.7,
126.9, 126.1, 125.0, 118.8, 41.2, 33.2, 26.9, 26.9, 26 .4.
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10. Computational Studies

All of the calculations were carried out at the DFT level of theory with the dispersion
corrected®* B3LYP-D3 hybrid functional®® and the 6-311G(d,p) basis sets.?® The solvation
effect was included through the SMD model?’” with a dielectric constant of 35.688
(acetonitrile). First, the approximate reaction coordinates were explored using an
automated reaction path search method, called the multi-component artificial force
induced reaction (MC-AFIR) method. The artificial forces were applied between the
proposed reactive sites. Second, the approximated transition states and intermediates
obtained from the MC-AFIR calculations were further optimized without any restrictions.
The obtained transition states were confirmed by the frequency calculations and the
intrinsic reaction coordinate (IRC) calculations.?® The Gibbs free energy corrections were
calculated at 1 atm and 298.15 K. The MC-AFIR calculations were performed via the

global reaction route mapping (GRRM) program,®’

using the energies and energy
derivatives computed by the Gaussian09 program.*® All the other calculations, such as
geometry optimizations, the frequency calculations and IRC calculations, were carried out

with Gaussian 09 package.*

Method for Calculation of Bond Dissociation Energy

The O—-H bond dissociation energies (BDEs) of N-hydroxyphthalimide (NHPI) and N-
hydroxybenzimidazoles (NHBIs) have been calculated using isodesmic work reactions
(Scheme S-1) to the experimental phenoic O-H BDE (88.74 kcal mol™!).%!

Scheme S-1
o° OH

A< A
+ N-OH ——— N-O  +
SR e
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Energetics of Initiation Process

ﬁ 5C

OH 5Cl 0 /_C'
‘@EN%R Step I @ )R [NJ Step Il R‘@[,\?—
14 12

Table S-4. Gibbs Free Energy Differences (AG in kJ mol™) of Initial Steps I and IT

NHBI AG(Step I) AG(Step 11) AG(Steps 1 +1I)
1a -79.7 23.9 -55.8
1b -19.8 -17.3 -19.8
1c -37.7 2.1 -37.7
1d 19.6 -48.8 -29.2
le 25.8 -45.5 -19.7
1f 98.6 -- --

NHPI 2.1 -34.0 -31.9

40
¥=179.6x- 83.5 la
20 R2=0.978
R
3 1b 1lc
= -20
g‘
3 le
-60
0.4 0.9 1.4
Energy Gap between HOMO of 15 and
LUMO of NHBI cations / eV

Figure S1. Correlation of energy gap between HOMO of 17 and LUMO of 16 (in eV)
and Gibbs free energy difference for step II (in kJ mol ™)

S38



Cartesian Coordinates of Optimized Structures
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8.10627938
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-1.96351967
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-1.25603467
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-0.16454167
1.20377033
-0.14978067
1.17151333
1.33774633
-2.35755467
-1.22550667
-2.41478267
-0.07675967
-2.45114167
-3.30326767
-0.12172367
0.84355433
-1.30353467
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-0.14008114
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-0.08527214
-0.31873814
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0.05244886
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0.03026386
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-0.18837314
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0.24793186
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0.92728712
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0.85582812

0.00000000
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-0.05738800
-0.20838700
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3.70925472
242187972
-0.03947028
-1.33329528
0.11101972
-1.17471028
-1.53618528
3.69483072
4.01654572
4.29604872

0.61349002
-0.75305298
0.64267902
1.15866502
-0.72641498
-1.29911598
-0.02931998
1.19497202
-1.25127498
-0.00734198

-0.17809842
-0.17527342
-0.17573442
-0.17210842
-0.16818442
-0.17167942
-0.18540842
-0.18209242
-0.17277742
-0.16363442
-0.16947242
-0.19398642
-0.04519242
-0.94997542
-0.16762542
-1.19321942
0.28534858
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1g_radical (14)
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6.23412689
4.87273689
7.15193589
7.64839689
7.62209989
7.60476189

0"

3.78334972
2.29380172
1.16363672
2.19602772
1.24226072
0.03244972

N
Cre
N +

-0.09488238
-0.09385738
-1.27987538
-2.45800938
-2.44838238
-1.25430438
2.03188662
-1.30003238
-3.40669438
-3.38840738
-1.22539038
1.25584862
1.71631662
1.68617362
2.27568862
0.79998062
2.27639962
1.25251862
3.54280762
4.10903662
3.95648562

\
CHs

0.56204379
1.95961279
2.67915079
1.92873579
0.52690079
-0.19440321
1.32005079
3.76001579
2.45053079
-0.01014721
-1.27573021
0.17242879
-0.99877621
3.79575779
3.98175679
4.42109479
3.98150079
2.38472179
1.22251579
243111479
0.55682079

0.42458158
-0.16652342
-0.17355642
-0.87011542

1.07934858
-0.72288242

-0.00124208
-0.00120208
-0.00093308
-0.00070808
-0.00079308
-0.00106808
-0.00137308
-0.00085708
-0.00045408
-0.00061808
-0.00110708
-0.00131808
-0.00120108
-0.00124208
-0.89670108
-0.00079208
0.89379692
-0.00129308
-0.00089808
-0.00197008
1.08477992
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1g cation (16)

@
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NHPI

3.95717162

0]

1

0.55458279

N +
Lo
N +

0.57657295
0.59674895
-0.55395105
-1.77482505
-1.79978605
-0.61186905
2.72754195
-0.57914705
-2.70647605
-2.74647205
-0.59380405
1.87921295
2.35143095
2.41725395
3.01268395
1.53682895
3.01126595
1.97424095
4.24799995
4.84559595
4.58220595
4.62391895

N-OH

@)

\
CHs

0.81019898
2.21455298
2.93962398
2.18180498
0.79221798
0.05983998
1.59796698
4.02049598
2.73300998
0.26984598
-1.02291802
0.38772198
-0.72614302
4.05308698
4.21349798
4.68512998
4.21661798
2.63688598
1.44123098
2.62303598
0.81958598
0.69620698

-1.08490408

0.01060535
0.01611535
0.04347335
0.06053035
0.04944635
0.02451235
0.01401235
0.05884535
0.08213735
0.06152535
0.01789135
0.01353035
0.02135235
0.01150435
-0.88625865
0.00951835
0.90981735
0.01280735
0.04372835
-0.01233765
1.17372335
-0.99340865
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1.58380596
1.58380596
2.76364596
3.96309096
3.96309096
2.76364596
0.17419696
0.17419696
2.75865796
4.90689996
4.90689996
2.75865796
-1.95330804
-2.31272104
-0.26847504
-0.26847504
-0.58812104

NHPI radical (14)

T O O 0 0 0 0 a0

-0.08026071
-0.08026071
-0.07974671
-0.07936171
-0.07936171
-0.07974671
-0.07985871
-0.07985871
-0.07978671
-0.07896071

0.15328467
-1.24431333
-1.96719633
-1.24417333

0.15314467

0.87616767

0.63477767
-1.72580633
-3.05058533
-1.77679333

0.68576467

1.95955667
-0.54551433
-0.54551433

1.75696867

-2.84799733

-0.54551433

0
N-O
o

0.28464027
0.28464027
1.46899427
2.66503627
2.66503627
1.46899427
-1.10167873
-1.10167873
1.46405127
3.60924127

-0.02073316
-0.02073316
-0.01799816
-0.01830716
-0.01830716
-0.01799816
-0.02028716
-0.02028816
-0.01694116
-0.01874516
-0.01874516
-0.01694116
-0.12658416

0.77677384
-0.04288916
-0.04288916

0.02236484

0.00477709
-1.39803291
-2.11895291
-1.39666391

0.00340809

0.72569709

0.50542109
-1.89867691
-3.20201191
-1.92802491
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-0.07896071
-0.07978671
-0.07925971
-0.07946571
-0.07946571
-0.07979671

Z O O O - =T

3.60924127
1.46405127
-3.18230573
-1.55195673
-1.55195673
-1.92263973

O

+N=0

NHPI cation (16)

1.43792063
1.43792063
1.43787363
1.43777363
1.43777363
1.43787363
1.43794263
1.43794263
1.43784763
1.43772263
1.43772263
1.43784763
1.43757763
1.43797663
1.43797663
1.43784563

Cyclooctane m

C
C

z OO0 O m =T T OO0 00000

-0.46031749
-1.86380549

(0]

0.41614594
0.41614594
1.61006894
2.79965194
2.79965194
1.61006894
-0.90465406
-0.90465406
1.60868394
3.74426294
3.74426294
1.60868394
-2.99026206
-1.40450706
-1.40450706
-1.81911906

-1.26984125
-0.97351825

0.53476909
1.80875609
-0.69662791
1.61767309
-3.01092891
-0.69662791

0.00544642
1.43370442
2.14616742
1.42295542
0.01619542
-0.70701658
-0.57935558
2.01850642
3.22853542
1.95206542
-0.51291458
-1.78938458
0.71957542
-1.64791758
3.08706842
0.71957542

0.00000000
0.56678400

S55



T T O F T QO @ T T T I-T T T T T OO00aO0

-1.86992349
-3.04372049
-3.04861849
-3.79720449

0.26673651
-1.87862949
-3.77910449
-2.02434549
-3.78677649
-0.19168949
-2.01959349
-1.88824949
-2.70011049
-2.70500249
-4.17669249
-4.68261049
-0.27962449

0.73505851
-0.94823549
-0.46523749
-0.19887849

0.26124851

-4.18237025
-1.25143025
-3.89989625
-2.57436425
-1.23391025

0.08383675
-0.44682925
-3.62741925
-4.70197725
-0.45077225
-1.52860525
-5.23985825
-1.19795025
-3.95453925
-2.57366125
-2.57275625
-2.58056125
-2.58255325
-2.57933125
-3.89042325
-4.71050925
-3.92857825

.

Cyclooctanyl radical

O O 0 0 a 0

2.25319599
1.96076699
5.15780699
2.20807699
4.90998499
3.55889299

H

-0.25396825
-1.62570125
-1.62635925
-2.84503425
-2.84560025
-3.49836725

0.56652600
-0.39338600
-0.39362300
-0.16278300
0.82131600
0.85246000
-0.28413700
1.49613800
-0.28449900
-0.67901100
1.49606800
0.85149100
-1.43338500
-1.43357600
0.86799000
-0.81046800
-0.77739200
-1.19327900
-1.64467100
0.00031100
-0.67835700
0.82203500

-0.05900202
0.57790298
0.57790298

-0.34379802

-0.34379502

-0.29776602
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Selectfluor F

C

T O @-m E O @D & = T O

2.22599699
0.90582499
1.47085399
4.59164399
5.64687999
1.42905899
2.52688199
6.21274899
1.96776099
5.15043699
3.55866399
3.55959999
3.55980399
3.55944999
4.86595199
5.69018799
4.89347299

/Cl

L7

/

0.50360650
1.96926850
0.20087850
-0.17087050
2.32126250
2.10357450
1.05806350
1.07824050
0.45016750
2.46159350
3.18693650

0.51428975
-1.63084925
-3.61820525
-1.75148825
-3.61908025
-0.02037325
-1.75108825
-1.63193825
-2.54556325
-2.54624525
-4.56585725
-0.12240425

0.86135275
-0.85037025
-0.25450925
-0.02126825

0.51374375

0.08029197
0.45036197
0.30977297
0.53332097
1.18595497
0.81696997
-2.11500103
-3.17265203
-1.93439803
-1.50074603
-2.28497703

0.72402398
0.87226098
-0.10153402
1.50381598
-0.10152102
-0.74464802
1.50381098
0.87225698
-1.38080702
-1.38080702
-0.50821202
-0.85197202
-1.33594902
-1.67096702
-0.05900702
-0.74465402
0.72401398

0.00659257
0.30175557
-1.01174443

0.72880357
-0.41728043

1.31647257
-0.97820243
-0.72716043
-1.86126343
-1.12783343
-1.32341743
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2.49993050
2.51709150
2.97565650
2.94534750
0.98744750
0.68865950
0.57028650
0.39952550
2.83211350
4.27109450
4.42990050
4.42915550
5.42947750
-0.95316250

1.48172256
2.93916556
1.13877156
0.81065156
3.20818956
3.05138156
2.19786656
2.29499556
1.59929356
3.60058156
4.36410356
3.60533456
3.66804056
4.22002456

-0.74870203
-1.71988203
-2.68256603
-1.27900903
-1.84552903
-2.87941603
-1.20006303
-1.40671503
-0.80209003
-0.34755803

0.23937897

0.23687097
-1.70976403
-1.74874003

1.11678640
1.64192940
1.35593140
1.51253940
2.37972940
2.04315940
-0.97937560
-2.04237760
-0.79562960
-0.28845160
-1.04479760
0.44368640
-0.47182860
-1.38803560

-1.91298843
1.34007557
1.13422557
2.23673357
1.47803257
1.63165757
2.24695957
0.16904357
0.16899357
0.17008757

-0.72964243
1.07204257
0.16781557
0.16754057

-0.00955393
0.24394107
-1.01267893
0.75101407
-0.50750293
1.24803507
-1.01635393
-0.81197093
-1.90706393
-1.16704793
-1.32259393
-1.97096893
1.31015207
1.12521307
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4.02291656
2.12625656
1.95657856
1.66301556
1.61098356
3.89944756
5.29619556
5.40462656
5.40377456
6.56403156

0.70802924
2.13891524
0.39488724
0.00623224
2.44423324
2.25475124
1.41144124
1.52043424
0.80600924
2.76606724
3.55151124
2.75393824
2.84948824
3.37956624
3.25928024
1.33707224
1.12395524
0.89322424

0.02714940
-0.75826760
-1.82632160
-0.18425560
-0.31789160

0.45753040

1.03462640

1.63345840

1.63105340
-0.22746160

0.21166069
0.68429569
0.44771469
0.63357969
1.45531069
1.04199069
-1.91536431
-2.97418231
-1.78523731
-1.20667331
-1.92816331
-0.44242431
-1.45601331
-2.37652031
-0.99990631
-1.69297531
-2.74575131
-1.09343831

2.20895207
1.40934907
1.53481007
2.20729407
0.12925907
0.12550607
0.12575007
-0.77431393
1.02754007
0.12689407

0.00277079
0.29794379
-1.01172921
0.71786179
-0.40492621
1.31854779
-1.01580821
-0.79159121
-1.90947721
-1.16423521
-1.36997421
-1.93899321
1.29923279
1.07233779
2.19774479
1.43656079
1.60500079
2.22802779
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0.68398824
3.09034324
4.48791424
4.60525324
4.60577224
5.74553324
-0.28826776

J

1.51094899
0.06694999
1.88637599
2.16027699
-0.22571501
-0.08943401
0.82861899
0.75156099
1.39474999
-0.58447001
-1.35430101
-0.64637801
-0.63709001
-1.22650901
-0.99847301
0.88415899
1.03230999
1.34677299
1.54982999
-0.89129701
-2.27567801

-1.28642431
-0.49965431
0.06013969
0.66049169
0.65193369
-1.21552831
-1.60844131

-0.13867424
0.39057776
0.14579776
0.30021776

1.10295576
0.82733176

-2.18444924

-3.26126124

-2.00687624

-1.55978324
-2.31649024
-0.83352524

-1.70529224
-2.60523624
-1.18074924

-2.00789324

-3.07658524

-1.47021824

-1.60290624
-0.79810024

-0.23057724

0.14229379
0.14153279
0.14301179
-0.75496021
1.04659879
0.14089579
0.14265379

-0.00181535
-0.19970735
0.98170365
-0.76008535
0.56950765
-1.18491435
1.03109265
0.87681665
1.94604065
1.17399165
1.30284465
1.98345465
-1.30105235
-1.14340335
-2.18427835
-1.35700735
-1.51465435
-2.18527535
-0.11019335
-0.10590835
-0.10590335
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Cl

HF

-2.39821301 0.36528576 0.79408665
-2.39662301 0.36632976 -1.00551635
-3.56017701 -1.49102324 -0.10901135

1.17518255 -0.00729864 -0.00009554
1.17518255 -0.00729864 -0.92676454
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12. NMR Spectra of Products
"H NMR of spectrum of S1 (500 MHz, CDCls)
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13C NMR of spectrum of S2 (125 MHz, CDCls)
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'H NMR of spectrum of S3 (500 MHz, CDCls)
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F NMR of spectrum of S3 (470 MHz, CDCls)
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13C NMR of spectrum of 1c (125 MHz, CD;0D)
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'H NMR of spectrum of S4 (500 MHz, CDCls)
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F NMR of spectrum of S4 (470 MHz, CDCls)
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13C NMR of spectrum of 1b (125 MHz, CD;0D)
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13C NMR of spectrum of S5 (500 MHz, CDCls)
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F NMR of spectrum of 1d (470 MHz, CDCl5)
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13C NMR of spectrum of 1h (125 MHz, DMSO-ds)
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'H NMR of spectrum of 1e (500 MHz, DMSO-ds)
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F NMR of spectrum of 1e (470 MHz, DMSO-ds)
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13C NMR of spectrum of S6 (125 MHz, CDCls)
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'H NMR of spectrum of S7 (500 MHz, CDsCN)
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F NMR of spectrum of S7 (470 MHz, CDsCN)
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13C NMR of spectrum of 1f (125 MHz, CDs;OD)
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H NMR of spectrum of S8 (500 MHz, DMSO-ds)
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F NMR of spectrum of S8 (125 MHz, DMSO-ds)
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13C NMR of spectrum of 1g (125 MHz, DMSO-ds)
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'H NMR of spectrum of 4 (500 MHz, CDCls)
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'H NMR of spectrum of 6a (500 MHz, CDCls)
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F NMR of spectrum of 6a (470 MHz, CDCls)
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13C NMR of spectrum of 6d (125 MHz, CDCls)
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'H NMR of spectrum of 6e (500 MHz, CDCls)
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F NMR of spectrum of 6e (470 MHz, CDCls)
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13C NMR of spectrum of 6h (125 MHz, CDCls)
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'H NMR of spectrum of 6m (500 MHz, CDCls)
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F NMR of spectrum of 6m (470 MHz, CDCls)
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13C NMR of spectrum of 6n (125 MHz, CDCls)

abundane

T T T T T T T T T
150.0 1400 1300 1200 1100 1000 90.0 800 00 60.0 50.0 400 300 20.0 10.0 L]

T T T T
2000 1900 1800 1700

160.0
I oA
88 = dEE 22 288 Z
Gkl 2 mEA A fagadd 2]

X :parts per Million : 13C

F NMR of spectrum of 6n (470 MHz, CDCls)

abundans

T T T T T T T T T T
1100 20.0 T0.0 500 30.0 100 -10.0 300 -50.0 -T0.0 200 -1100  -130.0  -150.0 -1700  -120.0

11521

X :parts per Million : 19F




'H NMR of spectrum of 60 (500 MHz, CDCls)
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H NMR spectrum of 7a (500 MHz, CDCls)
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H NMR of spectrum of 7b (500 MHz, CDCls)
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H NMR spectrum of 7c (500 MHz, CDCls)
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'H NMR spectrum of 7d (500 MHz, CDCls)
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H NMR of spectrum of 7e (500 MHz, CDCls)
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H NMR spectrum of 7f (500 MHz, CDCls)
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H NMR spectrum of 7g (500 MHz, CDCls)
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'H NMR spectrum of 7h (500 MHz, CDCls)
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'H NMR of spectrum of 7i (500 MHz, CDCls)
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'H NMR of spectrum of 7k (500 MHz, CDCls)
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'H NMR of spectrum of 71 (500 MHz, CDCls)
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'H NMR of spectrum of 7m (500 MHz, CDCls)
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'H NMR spectrum of 7n (500 MHz, CDCls)
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'H NMR of spectrum of 70 (500 MHz, CDCls)
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H NMR of spectrum of 8a (500 MHz, CDCls)
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'H NMR of spectrum of 8b (500 MHz, CDCls)
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H NMR of spectrum of 8c (500 MHz, CDCls)
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'H NMR of spectrum of 8d (500 MHz, CDCls)
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H NMR of spectrum of 8e (500 MHz, CDCls)
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H NMR of spectrum of 8f (500 MHz, CDCls)
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H NMR of spectrum of 8g (500 MHz, CDCls)
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H NMR of spectrum of 8h (500 MHz, CDCls)
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H NMR of spectrum of 8i (500 MHz, CDCls)
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H NMR of spectrum of 10 (500 MHz, CDCls)
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'H NMR of spectrum of 11a (500 MHz, CDCls)
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'H NMR of spectrum of 11b (500 MHz, CDCls)
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'H NMR of spectrum of 11c (500 MHz, CDCls)
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'H NMR of spectrum of 11d (500 MHz, CDCls)
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'H NMR of spectrum of 11e (500 MHz, CDCls)
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IH NMR of spectrum of 13 (500 MHz, CDCls)
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Chiral HPLC Chart
Benzyl ((1S, 2R)-3-(Benzylamino)-2-methyl-3-oxo-1-phenylpropyl)carbamate (7k)
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Methyl (3-Phenylpropanoyl)-L-alaninate (8d)
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