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1. General information

Chemicals were purchased from commercial suppliers and used without further
purification unless otherwise stated. All Solvents were purified according to the
standard procedures. Analytical thin layer chromatography (TLC) was performed on
precoated silica gel 60 GF254 plates. Flash column chromatography was performed
using Tsingdao silica gel (60, particle size 0.040-0.063 mm). Visualization on TLC was
achieved by use of UV light (254 nm). 'H NMR spectra were recorded on Bruker 400
MHz spectrometer in CDCl; with tetramethylsilane (TMS) as internal standard , *C
NMR spectra were measured at 101 MHz, 3'P NMR spectra were measured at 162 MHz,
and ’F NMR spectra were measured at 376 MHz. The chemical shifts are expressed in
ppm and coupling constants are given in Hz. Data for 'H NMR are recorded as follows:
chemical shift (0, ppm), multiplicity (s = singlet; d = doublet; t = triplet; q = quartet; p
= pentet; m = multiplet; brs = broad singlet), integration. Data for '*C NMR are reported
in terms of chemical shift (J, ppm). The enantiomeric excess values were determined
by chiral HPLC with an Agilent instrument and a Daicel CHIRALCEL and
CHIRALPAK column. High resolution mass spectroscopy (HRMS) analyses were
performed at a Q-Exactive (Thermo Scientific) Inc mass instrument. Optical rotations
were measured using an Autopol I automatic polarimeter (1 mL cell, 1 dm path length;

concentration (c) is in g/100 mL and [a]} values are in degrees).



2. Substrates involved in the manuscript

Scheme S1. Vinyl azides A1-A15 were synthesized according to the reported literature!!-2],
BCBs B1, B2, B4, B8, B11-B13 were prepared according to literaturel®*”7), and their spectral
data are in accordance with the reported data.
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a) General procedure A for synthesis of BCBs

O O (@]
MeNHOMe-HCI (1.05 eq.),
OH OH
);RLOH ArBr conc.HCI EDCI (1.1 eq.), DIPEA (2 eq.)
g nBuLi, THF Ar toluene, rt.  Ar DCM,0°C-rt, 12 h
78 °C-rit. H 12h l
S1-1 S1-2 $1-3
o (0] (0]
N/O‘Me O-Me
N ! . Ar
Me NaHMDS (1.2 eq.) Ve ArBr, nBuLi (1.5 eq.)
AL THF (0.5M),0°C,1h THF, -78°C-rt, 4 h Ar
S1-4 S$1-5 BCB

To a solution of aryl bromides (44 mmol, 2.2 equiv.) in dry THF (60 mL) was added n-
BuLi (2.5 M, 2.2 equiv.) dropwise at —78 °C under argon. The mixture was stirred for
lh at —78 °C, and then a solution of 3-oxocyclobutane-1-carboxylic acid S1-1 (20
mmol, 1.0 equiv.) in dry THF (10 mL) was added in one portion at 25 °C. The mixture
was stirred for 1 h, and quenched with a sat. solution of NH4Cl. The organic layer was
separated and aqueous layer was acidified with HCI1 (1 N) and extracted with EtOAc.
The combined organic layer was washed with brine, dried over Na,SOy, filtered and
concentrated under reduced pressure. The crude product S1-2 was used for the next step
without purification.

To a solution of S1-2 in toluene (20 mL) was added conc. HC1 (20 mL). The resulting
mixture was stirred at room temperature for 12 h. The organic phase was separated,
washed with water and brine, and concentrated under reduced pressure to give
compound S1-3. The crude product was used for the next step without purification.

To an ice-cooled suspension of N,O-dimethylhydroxylamine hydrochloride (21 mmol,
1.05 equiv.) and crude mixture S1-3 (20 mmol, 1.0 equiv.) in CH2Clz (0.4 M, 60 mL)
was added /PrNEt; (40 mmol, 2 equiv.). After stirring for 5 min, EDCI*HCI (22 mmol,
1.1 equiv.) was added in one portion and the reaction mixture was stirred for 12 h while
allowing it to warm to room temperature. The mixture was diluted with CH>Cl, and
organic layer was washed with saturated aqueous NaHCO3, water, brine, dried Na;SOs.
Then the solvent was evaporated in vacuum to give S1-4, which directly used in next
reaction without further purification.

A round bottom flask under argon atmosphere was charged with S1-4 (20 mmol, 1
equiv.) and THF (0.5 M, 40 mL). NaHMDS (2 M in THF, 1.2 equiv.) was added
dropwise at 0 °C and stirred for 3 h. The reaction mixture was quenched with a saturated

aqueous solution of NH4Cl and the organic layer was extracted with CH>Cl,. The
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combined organic phase was washed with brine, dried over Na>SO4 and concentrated
in vacuum. The crude reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 4/1) to afford S1-5 as white solid.

To a solution of ArBr (12 mmol, 1.5 equiv.) in dry THF (0.2 M, 40 mL) was added
nBuLi (2.4 M, 12 mmol, 1.5 equiv.) dropwise under argon at -78 °C. After stirred at the
same temperature for 2 h, a solution of S1-5 (8 mmol, 1.0 equiv.) in THF (5 mL) was
added. After 0.5 h, the resulting mixture was moved to room temperature for 1.5 h
before quenched with saturated NH4Cl solution. The aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous
NaSQy, filtered and concentrated under reduced pressure. The residue was purified by

column chromatography on silica gel (petroleum ether/EtOAc = 10/1) to obtain BCB.

(3-([1,1'-Biphenyl]-4-yl)bicyclo[1.1.0]butan-1-yl)(phenyl)methanone (B3)
B3 was synthesized according to General procedure A.
Ph O AN P Flash chromatography on silica gel (petroleum
O ether/EtOAc = 10/1) provided the title compound as a
B3 white solid (1.36 g, 22% yield over five steps), m.p. 102-
105 °C.
'"H NMR (400 MHz, CDCl3): § 7.58 — 7.54 (m, 4H), 7.48 — 7.46 (m, 3H), 7.43 — 7.40
(m, 2H), 7.36 — 7.32 (m, 3H), 7.21 (d, J= 8.4 Hz, 2H), 3.21 (t, /= 1.1 Hz, 2H), 1.96 (t,
J=1.0 Hz, 2H).
3C NMR (101 MHz, CDCl3): & 196.68, 140.60, 140.05, 138.39, 132.04, 128.91,
128.52, 128.18, 127.47, 127.19, 127.02, 126.62, 38.86, 38.02, 31.74.
HRMS (ESI) m/z: [M+H]" calcd. for C23H190, 311.1430; found, 311.1431.

(3-(4-Bromophenyl)bicyclo[1.1.0]butan-1-yl)(phenyl)methanone (B5)
0 B5 was synthesized according to General procedure A.
Br O % Flash chromatography on silica gel (petroleum
Q ether/EtOAc = 10/1) provided the title compound as a
white solid (2.25 g, 36% yield over five steps) , m.p. 82-

B5

85 °C.

IH NMR (400 MHz, CDCL): 5 7.57 (d, J= 7.2 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.37
—7.33 (m, 4H), 7.00 (d, J = 8.5 Hz, 2H), 3.12 (t, J = 1.2 Hz, 2H), 1.92 (t, J= 1.2 Hz,
2H).



3C NMR (101 MHz, CDCl3): § 196.27, 138.13, 132.30, 132.24, 131.65, 128.52,
128.26, 127.74, 121.29, 37.93, 37.68, 31.46.
HRMS (ESI) m/z: [M+H]" calcd. for Ci7H14BrO, 313.0223; found, 313.0223.

(3-(4-Bromophenyl)bicyclo[1.1.0]butan-1-yl)(3,5-dimethylphenyl)methanone
(B10)

o) B10 was synthesized according to General

Br O # procedure A. Flash chromatography on silica gel
O Me (petroleum ether/EtOAc = 10/1) provided the title

810 Mé compound as a white solid (3.20 g, 47% yield over

five steps) , m.p. 97-100 °C.
TH NMR (400 MHz, CDCls): & 7.35 (d, J = 8.5 Hz, 2H), 7.17 (s, 2H), 7.11 (s, 1H),
7.02 (d, J=8.5 Hz, 2H), 3.11 (t, J = 1.1 Hz, 2H). 2.30 (s, 6H), 1.89 (t,J = 1.1 Hz, 2H).
13C NMR (101 MHz, CDCl3): 8 196.54, 138.24, 137.85, 133.92, 132.50, 131.60,
127.83, 126.29, 121.17, 37.89, 37.34, 31.40, 21.34.
HRMS (ESI) m/z: [M+H]" calcd. for Ci9H13BrO, 341.0536; found, 341.0538.

b) General procedure B for synthesis of BCBs

(0] (0]
AngBr Ar ___concHCI HCI ___NaHMDS Ar
“THF.0Ctort Ar toluene rt. T THR, 200
overnight H 25h Ar
$1-7 BCB

To a solution of 3-oxocyclobutane-1-carboxylic acid S1-1 (20 mmol, 1.0 equiv.) in dry
THF (100 mL) was added ArMgBr (2.0 M, 64 mmol, 3.2 equiv.) dropwise at 0°C under
argon. Move the reaction to room temperature, and the mixture was stirred for 12 h.
Then, the mixture was quenched with a saturated aq. solution of NH4Cl dropwise, and
diluted with water. The resulting mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na,SOs, filtered and concentrated in
vacuum to give compound S1-7. The resulting mixture was used in next step without

further purification.



To a solution of S1-7 (20 mol, 1.0 equiv.) in toluene (20 mL) was added conc. HCI (20
mL) . The resulted mixture was stirred at room temperature for 6 h. The organic phase
was separated, and ethyl acetate to the resulted mixture, washed with water, saturated
NaHCOs, brine, dried over Na>SOs, filtered and concentrated under reduced pressure

to give the S1-8 .The crude product was used for next step without further purification.

S1-8 (20 mmol, 1.0 equiv.) was added to a 250 mL vial and dissolved in 100 mL THF
under argon. NaHMDS (24 mmol, 1.2 equiv.) was added dropwise at -20 °C and stirred
for 2.5 h. The mixture was quenched with saturated aq. solution of NH4Cl and washed
with water. The organic layer was extracted with EtOAc, washed with brine, dried with
NazSOs4 and concentrated under reduced pressure. The resultant BCB was purified by

column chromatography on silica gel.

p-Tolyl(3-(p-tolyl)bicyclo[1.1.0]butan-1-yl)methanone (B6)

B6 was synthesized according to General procedure

O
Me O # B. Flash chromatography on silica gel (petroleum
Q ether/EtOAc = 25/1) provided the title compound as a
B6 \ white solid (1.05 g, 20%), m.p. 80-83 °C.
e

'"H NMR (400 MHz, CDCl3): § 7.50 (d, J = 8.1 Hz,
2H), 7.14 (d, J = 7.8 Hz, 2H), 7.05 — 7.01 (m, 4H), 3.14 (t, J = 1.1 Hz, 2H), 2.37 (s,
3H), 2.28 (s, 3H), 1.87 (t, /= 1.1 Hz, 2H).
BC NMR (101 MHz, CDCl3): 5 196.29, 142.53, 137.02135.91, 129.87, 129.25, 128.81,
128.68, 126.12, 38.78, 37.83, 30.94, 21.72, 21.29.
HRMS (ESI) m/z: [M+H]" calcd. for C19H190, 263.1430; found, 263.1430.

(4-Fluorophenyl)(3-(4-fluorophenyl)bicyclo[1.1.0]butan-1-yl)methanone (B7)

o B7 was synthesized according to General procedure B.
F O # Flash chromatography on silica gel (petroleum
Q ether/EtOAc = 10/1) provided the title compound as a a

B7 white solid (2.38 g, 44%), m.p. 110-114 °C.

TH NMR (400 MHz, CDCL): 5 7.63 — 7.58 (m, 2H), 7.13
—7.08 (m, 2H), 7.05 — 7.00 (m, 2H), 6.96 — 6.90 (m, 2H), 3.11 (t, J= 1.1 Hz, 2H), 1.92
(t,J= 1.1 Hz, 2H).



3C NMR (101 MHz, CDCl3): 6 194.87, 165.20 (d, J=253.3 Hz), 162.33 (d, J = 246.7
Hz), 134.49 (d, J=3.1 Hz), 130.97 (d, /= 9.1 Hz), 128.64 (d, J=3.0 Hz), 127.74 (d, J
=8.2 Hz), 115.65 (d, J=21.8 Hz), 115.37 (d, J = 21.8 Hz), 38.20, 38.04, 30.74.

F NMR (376 MHz, CDCl3): § -106.67, -114.42.

HRMS (ESI) m/z: [M+H]" calcd. for Ci7H13F20, 271.0929; found, 271.0929.

(3-Methoxyphenyl)(3-(3-methoxyphenyl)bicyclo[1.1.0]butan-1-yl)methanone (B9)

MeO B9 was synthesized according to General

O AN O procedure B. Flash chromatography on silica gel
% (petroleum ether/EtOAc = 10/1) provided the title

Q OMe compound as a yellow oil (1.12 g, 19%).

B9 'H NMR (400 MHz, CDCL): §7.27 — 7.18 (m, 2H),
7.12 (t,J = 8.0 Hz, 1H), 6.9 — 6.95 (m, 2H), 6.73 — 6.70 (m, 2H), 6.63 — 6.62 (m, 1H),
3.71 (s, 3H), 3.68 (s, 3H), 3.11 (t, J = 1.2 Hz, 2H), 1.86 (¢, J = 1.2 Hz, 2H).
3C NMR (101 MHz, CDCl3): & 196.42, 159.63, 159.39, 139.73, 134.56, 129.54,
129.08, 121.38, 118.71, 118.47, 113.09, 112.47, 111.77, 55.47, 55.25, 38.79, 37.95,
31.49.
HRMS (ESI) m/z: [M+H]" calced. for Ci9H1903, 295.1329; found, 295.1331.



3. Preparation of imines

Scheme S2. Imines investigated in the manuscript

Me OMe Ph COzMe
O = O = O = O = O S

O - O

1p 1q 1r 1s 1t

N Ny N AN
Srand P, WL AT

1u 1v 1w e 1x

.

1y c 1z 1aa

All imines were synthesized following a literature procedure!®). The characterization

data for imines 1a—1h,1k and 1u were consistent with those reported previously.

General procedure C for synthesis of imines

o) Ar N
Ar
Sc(OTf); (20 mol%) N3 N
. 4AMS o p-xylene 0
+  Ar7 N Ar - . A
Ar DCM, 0 °C, 24-30 h . 135°C, 3-7d r
A B step 1 D step 2 1

Step 1. A dried Schlenk-tube equipped with a magnetic stir was charged with 4 A MS
(200 wt%) and BCB A (2 mmol, 1.0 equiv.). The tube was evacuated and backfilled
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with argon three times. CH>Cl> (0.1 M, 20 mL) was added, followed by vinyl azides B
(3 mmol, 1.5 equiv.) and Sc(OTf)s (0.4 mmol, 20 mol%) under a gentle counterflow of
argon. The resulting mixture was stirred at 0 °C for 24-30 h. The reaction mixture was
then passed through a short celite column (ca. 1 cm in length) and eluted with CH2Cl,
to remove the inorganic salts and other insoluble solids. The solvent was evaporated
under reduced pressure, and the crude product was purified by flash column
chromatography on silica gel (petroleum ether/EtOAc = 50/1) to afford the pure
products.

Step 2. To an oven-dried Schlenk-tube equipped with a magnetic stir was charged with
compound D (1 mmol, 1.0 equiv.). The tube was evacuated and backfilled with argon
three times. p-xylene (0.1 M, 10 mL) was added, and the resulting mixture was stirred
at 135 °C until D was completely consumed (monitored by TLC, typically 3-7 d).
After cooling, the crude product was purified by flash column chromatography on silica

gel (petroleum ether/EtOAc = 6/1) to afford the pure products 1.

(2-Azido-2-(3-bromophenyl)-4-phenylbicyclo[2.1.1]hexan-1-1)(phenyl)methanone
(D1)
A pale yellow foam (448 mg, 49% yield).
'H NMR (400 MHz, CDCl3): 6 7.82 (t, /= 7.3 Hz, 2H), 7.56 (t,
J=2.0Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.40 — 7.33 (m, 5H),
N30 7.30—7.23 (m, 4H), 7.14 (t,J= 7.9 Hz, 1H), 3.06 — 2.98 (m, 2H),
Ph 2.60 (dd, J = 12.0, 3.5 Hz, 1H), 2.40 (dd, J = 7.1, 3.0 Hz, 1H),
D1 Ph 533 (dd, J=9.6,7.9 Hz, 1H), 2.22 (dd,J=7.9,3.5Hz, 1H).
3C NMR (101 MHz, CDCl3): & 199.85, 140.83, 140.48, 137.42, 133.04, 131.49,
131.01, 130.04, 129.33, 128.62, 128.31, 127.10, 126.63, 125.94, 122.78, 75.80, 63.63,
48.70, 48.27,47.15, 45.19.

HRMS (ESI) m/z: [M+Na]" calcd. for CosH20BrN3NaO, 480.0682; found, 480.0687.

Br

(2-Azido-2-(2-fluorophenyl)-4-phenylbicyclo[2.1.1]hexan-1-
N3F yl)(phenyl)methanone (D2)
O A white solid (341 mg, 43% yield), m.p. 153-155 °C.
p2 Ph 'H NMR (400 MHz, CDCl3): 4 7.99 (d, J = 7.4 Hz, 2H), 7.57 —
9
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7.52 (m, 2H), 7.44 (t, J=17.6 Hz, 2H), 7.35 - 7.29 (m, 3H), 7.26 — 7.22 (m, 3H), 7.14 —
7.07 (m, 2H), 2.98 (dd, J=9.4, 7.0 Hz, 1H), 2.92 (dt, J=12.0, 2.4 Hz, 1H), 2.73 (ddd,
J=12.0,3.5,1.7 Hz, 1H), 2.43 (dt, J = 6.4, 3.2 Hz, 2H), 2.30 (dd, /= 9.3, 8.0 Hz, 1H).
13C NMR (101 MHz, CDCl3): § 201.99, 161.02 (d, J = 250.7 Hz), 140.86, 138.05,
132.81, 130.59 (d, /= 8.9 Hz), 129.26, 128.63, 128.47, 128.44, 127.05, 126.72 (d, J =
11.7 Hz), 125.91, 124.22 (d, J = 3.4 Hz), 117.11, 116.89, 73.07, 63.42, 50.85, 48.58,
48.11, 45.61.

YF NMR (376 MHz, CDCl3): § -107.39.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sH20FN3NaO, 420.1483; found, 420.1483.

(2-Azido-4-(4-(tert-butyl)phenyl)-2-phenylbicyclo[2.1.1]hexan-1-
yD)(phenyl)methanone (D3)
A yellow oil (635 mg, 73% yield).
Nso 'H NMR (400 MHz, CDCl3): 6 7.80 (d, J = 7.5 Hz, 2H),
7.50 (t, J=7.4 Hz, 1H), 7.42 — 7.28 (m, 9H), 7.26 — 7.23
(m, 2H), 3.15 (dd, J=11.9, 2.9 Hz, 1H), 3.02 (dd, /= 9.5,
7.1 Hz, 1H), 2.63 (dd,J=11.9, 3.5 Hz, 1H), 2.41 —2.34 (m,
2H), 2.23 (dd, J=17.8, 3.5 Hz, 1H), 1.34 (s, 9H).
3C NMR (101 MHz, CDCl3): & 200.53, 150.02, 138.55, 137.92, 137.57, 132.87,
129.47, 128.62, 128.43, 128.27, 127.97, 125.80, 125.56, 76.48, 63.71, 49.02, 48.04,
47.30, 45.40, 34.65, 31.48.
HRMS (ESI) m/z: [M+H]" caled. for C290H20N30, 458.2203; found, 458.2204.
(4-([1,1'-Biphenyl]-4-yl)-2-azido-2-phenylbicyclo[2.1.1]hexan-1-
yD(phenyl)methanone (D4)
A white solid (592 mg, 65% yield), m.p. 170-174 °C.

Bu h
D3

Ph
Ns  'H NMR (400 MHz, CDCL): § 7.83 (d, J = 7.3 Hz, 2H),

7.62 (d, J= 8.1 Hz, 4H), 7.53 (t, J= 7.4 Hz, 1H), 7.48 —
7.44 (m, 4H), 7.40 — 7.31 (m, 8H), 3.20 (dd, J = 11.9, 2.9
Hz, 1H), 3.09 (dd, J=9.5, 7.1 Hz, 1H), 2.69 (dd, J=11.9,
3.5 Hz, 1H), 2.47 — 2.41 (m, 2H), 2.28 (dd, J= 7.7, 3.5 Hz, 1H).

13C NMR (101 MHz, CDCly): § 200.44, 140.84, 140.06, 140.01, 138.46, 137.54,
132.92, 129.46, 128.93, 128.65, 128.49, 128.29, 127.97, 127.45, 127.40, 127.17,
126.51,76.47, 63.71, 48.98, 48.13, 47.46, 45.40.

Ph h
D4
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HRMS (ESI) m/z: [M+Na]" calcd. for C31H25N3NaO, 478.1890; found, 478.1891.

(2-Azido-4-(4-fluorophenyl)-2-phenylbicyclo[2.1.1]hexan-1-
yD(phenyl)methanone (D5)

o A white solid (643 mg, 81% yield), m.p. 141-143 °C.

N3 'H NMR (400 MHz, CDCL): 5 7.80 (d, J = 7.5 Hz, 2H),
7.52 (t, J = 7.4 Hz, 1H), 7.43 — 7.30 (m, 7H), 7.29 — 7.24
(m, 2H), 7.06 (t, /= 8.6 Hz, 2H), 3.13 (dd, J= 11.9, 2.8 Hz,

1H), 3.04 (dd, J=9.5, 7.2 Hz, 1H), 2.62 (dd,.J= 11.9, 3.5 Hz, 1H), 2.39 — 2.35 (m, 2H),

221 (dd, J=17.7,3.5 Hz, 1H).

13C NMR (101 MHz, CDClL): § 20033, 161.86 (d, J = 245.5 Hz), 138.36, 137.49,

136.75 (d, J = 3.2 Hz), 132.93, 129.42, 128.66, 128.51, 128.29, 127.92, 127.60 (d, J =

8.0 Hz), 115.60, 115.39, 76.40, 63.55, 48.93, 47.74, 47.58, 45.40.

19F NMR (376 MHz, CDCLs): 5 -115.50.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sH20FN3NaO, 420.1483; found, 420.1485.

D5

(2-Azido-4-(4-bromophenyl)-2-phenylbicyclo[2.1.1]hexan-1-
yD)(phenyl)methanone (D6)

Ph A white solid (695 mg, 76% yield), m.p. 76-79 °C.

N3

5 'HNMR (400 MHz, CDCl;): 3 7.78 (d, J = 7.3 Hz, 2H),

A 7.52 —7.47 (m, 3H), 7.41 — 7.29 (m, 7H), 7.16 (d, /= 8.4

D6 Hz, 2H), 3.12 (dd, J=11.9, 3.0 Hz, 1H), 3.03 (dd, /=9.5,
7.1 Hz, 1H), 2.60 (dd, J =11.9, 3.5 Hz, 1H), 2.38 — 2.34

(m, 2H), 2.19 (dd, J=17.8, 3.5 Hz, 1H).
13C NMR (101 MHz, CDCl;): 4 200.23, 139.99, 138.28, 137.45, 132.97, 131.75,
129.43, 128.68, 128.54, 128.31, 127.91, 127.81, 120.89, 76.35, 63.60, 48.75, 47.87,
47.48, 45.24.
HRMS (ESI) m/z: [M+Na]" calcd. for CosH20BrN3NaO, 480.0682; found, 480.0685.

Ph (2-Azido-2-phenyl-4-(p-tolyl)bicyclo[2.1.1]hexan-1-
Me O ‘
D7

Br

N3
O yI)(p-tolyl)methanone (D7)

Q A yellow foam (391 mg, 48% yield).

'H NMR (400 MHz, CDCI3): 6 7.77 (d, J = 8.2 Hz, 2H),
Me
11



7.47 —7.44 (m, 2H), 7.38 — 7.31 (m, 3H), 7.25 — 7.20 (m, 6H), 3.18 (dd, J=11.9, 3.0
Hz, 1H), 3.06 (dd, J=9.5, 7.1 Hz, 1H), 2.65 (dd, J=11.9, 3.5 Hz, 1H), 2.45 — 2.37 (m,
8H), 2.23 (dd, J=17.8, 3.5 Hz, 1H).

3C NMR (101 MHz, CDCl3): 8 199.91, 143.68, 138.54, 138.03, 136.65, 135.00,
129.66, 129.29, 128.95, 128.56, 128.37, 127.97, 125.92, 76.49, 63.62, 49.00, 47.98,
47.31,45.38,21.78, 21.22.

HRMS (ESI) m/z: [M+Na]" calcd. for C27H25N3NaO, 430.1890; found, 430.1893.

(2-Azido-4-(4-fluorophenyl)-2-phenylbicyclo[2.1.1]hexan-1-yl)(4-
fluorophenyl)methanone (D8)
A yellow foam (631mg, 76% yield).

Ph
NSO 'H NMR (400 MHz, CDCls):  7.77 — 7.72 (m, 2H), 7.33
- O ‘ ~7.29 (m, 2H), 7.26 — 7.20 (m, 3H), 7.19 — 7.15 (m, 2H),
Q 6.99 — 6.91 (m, 4H), 3.06 (dd, J = 11.9, 3.0 Hz, 1H), 2.92
(dd, J=9.6, 7.1 Hz, 1H), 2.52 (dd, J= 11.9, 3.5 Hz, 1H),
2.30 - 2.26 (m, 2H), 2.09 (dd, J= 7.8, 3.5 Hz, 1H).
13C NMR (101 MHz, CDCL): 5 198.46, 165.62 (d, J = 255.3 Hz), 161.89 (d, J = 245.6
Hz), 138.16, 136.62 (d, J = 3.2 Hz), 133.75 (d, J = 3.0 Hz), 132.22 (d, J = 9.3 Hz),
128.69, 128.61, 127.90, 127.61 (d, J = 8.0 Hz), 115.58 (d, J= 11.7 Hz), 115.36 (d, J =
12.1 Hz), 76.44, 63.55, 48.91, 47.70, 47.27, 45.38.
1F NMR (376 MHz, CDCL3): 5 -105.01, -115.36.
HRMS (ESI) m/z: [M+Na]" caled. for C2sH;9F2N3NaO, 438.1388; found, 438.1392.

D8

(2-Azido-4-(4-chlorophenyl)-2-phenylbicyclo[2.1.1]hexan-1-yl)(4-
chlorophenyl)methanone (D9)
A yellow foam (787 mg, 88% yield).

'H NMR (400 MHz, CDCL): § 7.73 (d, J = 8.6 Hz, 2H),
7.39 — 7.36 (m, 2H), 7.34 — 7.30 (m, 7H), 7.25 — 7.18 (m,
2H), 3.14 (dd, J= 11.9, 2.9 Hz, 1H), 3.00 (dd, J=9.5, 7.1
Hz, 1H), 2.59 (dd, J = 11.9, 3.5 Hz, 1H), 2.37 — 2.33 (m,
2H), 2.15 (dd, J = 7.7, 3.5 Hz, 1H).
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3C NMR (101 MHz, CDCl3): 8 198.83, 139.51, 139.28, 138.04, 135.58, 132.91,
130.92, 128.83, 128.74, 128.68, 128.63, 127.87, 127.44, 76.41, 63.60, 48.78, 47.83,
47.13, 45.20.

HRMS (ESI) m/z: [M+Na]" calcd. for C25sH19C12N3NaO, 470.0797; found, 470.0802.

(2-Azido-4-(4-methoxyphenyl)-2-phenylbicyclo[2.1.1]hexan-1-yl)(4-
methoxyphenyl)methanone (D10)
A colorless oil (439 mg, 50% yield).

Ns 'H NMR (400 MHz, CDCL): § 7.44 (dd, J = 8.0,
O

Ph
MeO
O ‘ 1.5 Hz, 2H), 7.41 — 7.27 (m, 7H), 7.08 — 7.06 (m,
O 1H), 6.92 — 6.89 (m, 1H), 6.84—6.81 (m, 2H), 3.85
OMe (5, 3H), 3.82 (s, 3H), 3.16 (dd, J=11.9, 2.9 Hz, 1H),
3.04 (dd, J=9.5,7.1 Hz, 1H), 2.63 (dd, J=11.9, 3.5
Hz, 1H), 2.41 —2.36 (m, 2H), 2.22 (dd, J = 7.7, 3.5 Hz, 1H).
13C NMR (101 MHz, CDCL): & 200.10, 159.91, 159.48, 142.65, 138.71, 138.42,
129.77, 129.28, 128.65, 128.50, 128.00, 122.22, 119.54, 118.35, 113.64, 112.15,
112.04, 76.50, 63.58, 55.50, 55.40, 48.90, 48.26, 47.41, 45.40.
HRMS (ESI) m/z: [M+Na]" calcd. for C27H25N3NaQs, 462.1788; found, 462.1789.

D10

(2-Azido-4-(4-bromophenyl)-2-phenylbicyclo[2.1.1]hexan-1-y1)(3,5-
dimethylphenyl)methanone (D11)

Ph A white solid (825 mg, 85% yield), m.p. 134-137 °C.
‘ N30 '"H NMR (400 MHz, CDCl3): § 7.49 — 7.46 (m, 2H),
Br O 7.44 —7.41 (m, 2H), 7.35 — 7.30 (m, 3H), 7.28 (s, 2H),
Q Me 7.18—=7.12 (m, 2H), 7.12 (s, 1H), 3.12 (dd, J=11.9, 3.0
Me Hz, 1H), 3.01 (dd, J=9.5, 7.1 Hz, 1H), 2.59 (dd, J =

D11
11.9, 3.5 Hz, 1H), 2.38 (dd, J = 9.5, 7.9 Hz, 1H), 2.33

(dd, J=17.1,3.0 Hz, 1H), 2.27 (s, 6H), 2.18 (dd, J= 7.7, 3.5 Hz, 1H).

3C NMR (101 MHz, CDCl3): 8 200.46, 140.10, 138.45, 137.83, 137.47, 134.63,
131.74, 128.66, 128.51, 128.00, 127.83, 127.12, 120.86, 76.37, 63.66, 48.79, 47.80,
47.39,45.37,21.37.

HRMS (ESI) m/z: [M+Na]" calcd. for C27H24BrN3NaO, 508.0995; found, 508.0998.
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1-(2-azido-2,4-diphenylbicyclo[2.1.1]hexan-1-yl)ethan-1-one (D12)

Ph A pale yellow solid (574 mg, 44% yield), m.p. 134-137 °C.
Nao 'H NMR (400 MHz, CDCl3): 6 7.44 — 7.37 (m, 4H), 7.36 —
7.31 (m, 3H), 7.27—-7.21 (m, 3H), 2.86 (dd, J=11.7, 3.0 Hz,
1H),2.73 (dd, J=9.5,6.9 Hz, 1H), 2.63 (dd, J=11.7, 3.5 Hz,
1H), 2.28 (s, 3H), 2.18 (dd, /= 7.7, 3.5 Hz, 1H), 2.14 (dd, J
=6.9, 3.0 Hz, 1H), 2.05 (dd, /=9.5, 7.8 Hz, 1H).
13C NMR (101 MHz, CDCl;): 8 208.35, 140.97, 139.52, 128.99, 128.65, 128.44,
127.36, 127.07, 125.92, 75.09, 63.63, 49.50, 47.98, 47.33, 43.07, 28.85.

HRMS (ESI) m/z: [M+H-Na]* caled. for C2oH20NO, 290.1545; found, 290.1539.

Me
D12

(2-azido-2-phenethyl-4-phenylbicyclo[2.1.1]hexan-1-yl)(phenyl)methanone (D13)

Ph A yellow oil (254 mg, 34% yield).

'H NMR (400 MHz, CDCl3): 4 8.06 — 7.99 (m, 2H), 7.61 —
Nso 7.54 (m, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.37 — 7.31 (m, 2H),
O ‘ 7.29 — 7.22 (m, 5H), 7.21 — 7.16 (m, 3H), 2.89 (dd, J = 9.6,
O 7.0 Hz, 1H), 2.83 — 2.70 (m, 2H), 2.39 (dd, J = 9.5, 7.8 Hz,
2H), 2.34 —2.30 (m, 2H), 2.29 — 2.15 (m, 3H).
3C NMR (101 MHz, CDCls):8 200.77, 141.24, 140.99,
137.36, 133.34, 129.44, 128.65, 128.64, 128.46, 127.03, 126.28, 125.97, 73.52, 63.38,
48.48,47.46,47.38, 46.19, 37.82, 31.17.
HRMS (ESI) m/z: [M+H-N]" calcd. for C27H26NO, 380.2014; found, 380.2007.

D13

(2-azido-2-phenylbicyclo[2.1.1]hexan-1-yl)(phenyl)methanone (D14)

Ph A colorless oil (1.04 g, 66% yield).
N3o '"H NMR (400 MHz, CDCl3): $ 7.73 — 7.69 (m, 2H), 7.48 — 7.43
(m, 1H), 7.37 - 7.34 (m, 2H), 7.33 — 7.29 (m, 2H), 7.28 — 7.23
D14 (m, 3H), 2.94 (ddd, J=11.9, 2.6, 1.4 Hz, 1H), 2.59 (dt,J=3.0, 1.7
Hz, 1H), 2.53 (dd, J=9.6, 7.2 Hz, 1H), 2.36 (ddd, /=11.9,3.2, 1.2
Hz, 1H), 2.22 (dt, J = 7.0, 2.9 Hz, 1H), 2.00 (dd, J= 7.8, 3.1 Hz,
1H), 1.91 (dd, J=9.6, 7.9 Hz, 1H).
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3C NMR (101 MHz, CDCl3): 8 200.98, 138.86, 137.57, 132.69, 129.35, 128.43,
128.22,128.13, 127.95, 75.50, 67.20, 45.09, 41.82, 41.76, 34.08.
HRMS (ESI) m/z: [M+Na]" calcd. for C19H17N3NaO, 326.1269; found, 326.1262.

Phenyl(5-phenyl-2-(m-tolyl)-3-azabicyclo[3.1.1]hept-2-en-1-yl)methanone (1i)
A white solid (237 mg, 38% yield over two steps), m.p.
177-180 °C.

'H NMR (400 MHz, CDCL): § 7.67 (d, J = 7.5 Hz, 2H),
7.39—7.34 (m, 3H), 7.21 - 7.16 (m, 4H), 7.18 (dd, J=11.0,
7.7 Hz, 3H), 7.02 (t, J = 7.6 Hz, 1H), 6.95 (d, J= 7.6 Hz,
1H), 4.22 (s, 2H), 2.68 (dt, J = 6.8, 3.5 Hz, 2H), 2.55 (dt, J
= 6.4, 3.6 Hz, 2H), 2.21 (s, 3H).

13C NMR (101 MHz, CDCL): § 200.02, 175.33, 144.68, 139.34, 138.07, 134.97,
132.90, 130.14, 129.12, 128.90, 128.21, 128.18, 127.43, 126.94, 124.95, 123.84, 65.41,
54.21,42.95,39.92, 21.36.

HRMS (ESI) m/z: [M+H]" caled. for C26Ha4NO, 366.1852; found, 366.1853.

(2-(3-Methoxyphenyl)-5-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
yD)(phenyl)methanone (1j)

OMe A white solid (259 mg, 44% yield over two steps), m.p.

136-138 °C.

'H NMR (400 MHz, CDCls): § 7.70 — 7.67 (m, 2H), 7.39
~7.36 (m, 3H), 7.29 — 7.23 (m, 3H), 7.21 — 7.18 (m, 2H),
7.06 (t, J = 7.8 Hz, 1H), 7.00 — 6.97 (m, 2H), 6.70 (ddd, J
=8.2,2.5, 1.1 Hz, 1H), 4.23 (s, 2H), 3.69 (s, 3H), 2.68 (dt,
J=7.0,3.5 Hz, 2H), 2.60 — 2.52 (dt, J = 6.4, 2.5 Hz, 2H).

13C NMR (101 MHz, CDCl): § 200.04, 175.03, 159.45, 144.63, 140.68, 134.93,
132.98, 129.48, 129.10, 128.91, 128.29, 126.96, 124.95, 119.35, 116.14, 111.47, 65.39,
55.36, 54.25, 42.95, 39.93.

HRMS (ESI) m/z: [M+H]" calcd. for C26H24NO», 382.1802; found, 382.1803.
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(2-(3-Bromophenyl)-5-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
y)(phenyl)methanone (11)
A white solid (305 mg, 71% yield), m.p. 138-140 °C.

Br

'H NMR (400 MHz, CDCl3): & 7.68 — 7.65 (m, 3H), 7.41 —
7.36 (m, 3H), 7.27 (t,J=7.3 Hz, 5H), 7.19 (d, J= 7.5 Hz, 2H),
6.99 (t,J=7.9 Hz, 1H), 4.23 (s, 2H), 2.70 (dt, J=7.0, 3.5 Hz,
2H), 2.55 (dt, J= 6.4, 3.6 Hz, 2H).

13C NMR (101 MHz, CDCl3): § 199.65, 173.84, 144.36,
141.10, 134.82, 133.22, 132.37, 130.01, 129.76, 129.06, 128.95, 128.43, 127.06,
125.26, 124.93, 122.64, 65.50, 54.09, 42.93, 39.87.

HRMS (ESI) m/z: [M+H]" calcd. for C25sH21BrNO, 430.0801; found, 430.0805.

(2-(2-Fluorophenyl)-5-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
y)(phenyl)methanone (1m)
A white solid (232 mg, 63% yield), m.p. 174-177 °C.

'H NMR (400 MHz, CDCL): § 7.69 (d, J = 7.3 Hz, 2H),
7.41 — 7.35 (m, 3H), 7.30 — 7.21 (m, 6H), 7.12 — 7.07 (m,
1H), 6.94 (td, J= 7.5, 0.9 Hz, 1H), 6.83 — 6.79 (m, 1H), 4.24
(s, 2H), 2.75 (dt, J = 7.3, 3.7 Hz, 2H), 2.65 — 2.60 (m, 2H).
13C NMR (101 MHz, CDCls): § 198.59, 172.22, 158.82 (d,
J=247.7 Hz), 144.57, 135.14, 132.90, 130.82 (d, J = 8.2 Hz), 129.21 (d, J = 3.3 Hz),
128.92 (d, J = 5.9 Hz), 128.18, 127.54 (d, J = 15.6 Hz), 127.03, 124.95, 124.06 (d, J =
3.4 Hz), 115.77, 115.56, 65.44, 54.70, 43.12, 39.54.

19F NMR (376 MHz, CDCI3): 5 -113.45.

HRMS (ESI) m/z: [M+H]" calcd. for C2sHaiFNO, 370.1602; found, 370.1610.

Phenyl(5-phenyl-2-(thiophen-3-yl)-3-azabicyclo[3.1.1]hept-2-en-1-yl)methanone
(1m)

A white solid (225 mg, 63% yield over two steps), m.p. 149-
151 °C.

TH NMR (400 MHz, CDCL): § 7.74 —7.72 (m, 2H), 7.45 — 7.42

(m, 1H), 7.39 — 7.30 (m, 6H), 7.27 — 7.24 (m, 1H), 7.19 — 7.17

(m, 2H), 7.13 (dd, J=5.1, 2.9 Hz, 1H), 4.19 (s, 2H), 2.61 (dt, J
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=7.2,3.6 Hz, 2H), 2.56 — 2.51 (dt, J= 6.5, 3.5 Hz, 2H).
13C NMR (101 MHz, CDCLz): § 200.91, 169.83, 144.63, 140.33, 135.23, 133.12,
129.18, 128.89, 128.47, 127.09, 126.95, 126.10, 125.80, 124.96, 65.08, 54.06, 42.74,
40.00.

HRMS (ESI) m/z: [M+H]" calcd. for C23HaNOS, 358.1260; found, 358.1260.

(2-Phenethyl-5-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-yl)(phenyl)methanone (10)
A yellow solid (309 mg, 65% yield), m.p. 112-115 °C.

'"H NMR (400 MHz, CDCl3): 6 7.89 — 7.83 (m, 2H), 7.54 (t,
J=17.4Hz, 1H), 743 (t, /=7.6 Hz, 2H), 7.32 (t,J=7.5 Hz,
2H), 7.25 -7.17 (m, 3H), 7.16 — 7.05 (m, 5H), 4.01 (s, 2H),
2.97 —2.90 (m, 2H), 2.66 — 2.58 (m, 2H), 2.48 (dt, J = 6.9,
3.5 Hz, 2H), 2.41 (dt, J= 6.3, 3.5 Hz, 2H).

13C NMR (101 MHz, CDCl3): 3 200.73, 175.59, 144.66, 141.38, 135.45, 133.50,
128.99, 128.80, 128.76, 128.42, 128.37, 126.76, 125.97, 124.87, 64.56, 54.09, 42.63,
39.64, 39.18, 32.10.

HRMS (ESI) m/z: [M+H]" caled. for C27H26NO, 380.2014; found, 380.2006.

(5-(4-(tert-Butyl)phenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
y)(phenyl)methanone (1p)
A white solid (277 mg, 68% yield), m.p. 188-190 °C.

'H NMR (400 MHz, CDCL): § 7.67 (d, J = 7.4 Hz, 2H),
7.42 —7.39 (m, 4H), 7.35 (t, J = 7.4 Hz, 1H), 7.25 — 7.21
(m, 2H), 7.16 — 7.14 (m, SH), 4.24 (s, 2H), 2.69 (dt, J =
7.0, 3.5 Hz, 2H), 2.56 — 2.52 (m, 2H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCly): 5 200.06, 175.20, 149.86, 141.57, 139.54, 134.92,
132.92, 129.35, 129.18, 128.34, 128.24, 126.78, 125.79, 124.68, 65.41, 54.28, 42.54,
40.03, 34.64, 31.49.

HRMS (ESI) m/z: [M+H]* caled. for CaoH3oNO, 408.2322; found, 408.2322.

(5-(]1,1'-Biphenyl]-4-yl)-2-phenyl-3-
azabicyclo[3.1.1]hept-2-en-1-yl)(phenyl)methanone (1q)
A white solid (256 mg, 60% yield), m.p. 195-197 °C.
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THNMR (400 MHz, CDCl3): 8 7.68 (d,J=7.5Hz, 2H), 7.59 (t,J=7.6 Hz, 4H), 7.46
— 7.41 (m,4H),7.37 — 7.32 (m, 2H), 7.29 — 7.22 (m, 4H), 7.18 — 7.15 (m, 3H), 4.28
(s, 2H), 2.72 (dt, J = 6.8, 3.5 Hz, 2H), 2.62 — 2.57 (m, 2H).

3C NMR (101 MHz, CDCl3): 8 199.98, 175.18, 143.65, 140.87, 139.98, 139.48,
134.86, 132.98, 129.41, 129.19, 128.91, 128.37, 128.26, 127.67, 127.42, 127.19,
126.79, 125.45, 65.35, 54.22,42.76, 40.02.

HRMS (ESI) m/z: [M+H]" calcd. for C31H26NO, 428.2009; found, 428.2012.

(5-(4-Fluorophenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
yD)(phenyl)methanone (1r)
A white solid (244 mg, 66% yield), m.p. 199-202 °C.

'H NMR (400 MHz, CDCL): § 7.67 — 7.65 (m, 2H), 7.42 —
7.39 (m, 2H), 7.37 — 7.33 (m, 1H), 7.23 (t, J = 7.7 Hz, 2H),

7.17 —7.13 (m, 5H), 7.08 — 7.02 (m, 2H), 4.20 (s, 1H), 2.66
(dt,J=17.0,3.5 Hz, 2H), 2.56 — 2.51 (m, 2H).

13C NMR (101 MHz, CDCl3): 5 199.86, 175.19, 161.82 (d, J = 245.2 Hz), 140.42 (d,
J=13.1Hz), 139.37, 134.79, 133.02, 129.46, 129.18, 128.33 (d, J = 10.8 Hz), 126.78,
126.59 (d, /= 8.0 Hz), 115.90, 115.69, 65.38, 54.11, 42.45, 39.94.

YF NMR (376 MHz, CDCl3): 5 -115.66.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH21FNO, 370.1602; found, 370.1603.

(5-(4-Bromophenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
yD)(phenyl)methanone (1s)
A white solid (227 mg, 53% yield), m.p. 189-191 °C.

'H NMR (400 MHz, CDCL): 5 7.66 (d, ] = 7.4 Hz, 2H), 7.49
(d, J=8.3 Hz, 2H), 7.40 (dd, J = 6.6, 2.9 Hz, 2H), 7.35 (t, ] =
7.4 Hz, 1H), 7.23 (t, ] = 7.7 Hz, 2H), 7.17 — 7.13 (m, 3H),
7.07 (d,J = 8.3 Hz, 2H), 4.19 (s, 2H), 2.65 (dt, ] = 6.9, 3.5 Hz,
2H), 2.56 — 2.51 (m, 2H).
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3C NMR (101 MHz, CDCl3): & 199.77, 175.13, 143.61, 139.32, 134.73, 133.04,
132.03, 129.48, 129.17, 128.38, 128.28, 126.81, 126.76, 120.82, 65.11, 54.05, 42.65,
39.77.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH21BrNO, 430.0801; found, 430.0805.

Phenyl(2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-yl)methanone (1t)

A white solid (745 mg, 81% yield), m.p. 137-140 °C.
AN O H NMR (400 MHz, CDCls): 5 7.65 — 7.58 (m, 2H), 7.38 — 7.30

0
H (m, 3H), 7.20 (t, J = 7.7 Hz, 2H), 7.12 — 7.08 (m, 3H), 4.22 (d, J
C ) =2.0 Hz, 2H), 2.76 - 2.68 (m, 1H), 2.60 (t, /= 6.3, 3.7 Hz, 2H),

1t 2.19 - 2.09 (m, 2H).

13C NMR (101 MHz, CDCl;3): 5 200.71, 175.33, 139.84, 134.87,
132.82,129.13, 128.24, 128.16, 126.67, 58.51, 57.50, 35.80, 31.01.
HRMS (ESI) m/z: [M+H]" calcd. for CioHisNO, 276.1388; found, 276.1381.

1-(2,5-Diphenyl-3-azabicyclo[3.1.1]hept-2-en-1-yl)ethan-1-one (1v)
A white solid (292 mg, 64% yield), m.p. 123-125 °C.
'H NMR (400 MHz, CDCl): 3 7.44 — 7.36 (m, 7H), 7.31
—7.25 (m, 1H), 7.21 — 7.16 (m, 2H), 4.13 (s, 2H), 2.49 —
2.45 (m, 2H), 2.37 - 2.31 (m, 2H), 1.76 (s, 3H).

1v 3C NMR (101 MHz, CDCl3): § 200.07, 143.71, 137.77,

134.70, 134.67, 132.01, 129.41, 128.32, 127.06, 126.82,

126.66, 120.78, 65.10, 54.13, 42.62, 21.23.
HRMS (ESI) m/z: [M+H]" calcd. for C20H20NO, 290.1545; found, 290.1537.

(2-Phenyl-5-(p-tolyl)-3-azabicyclo[3.1.1]hept-2-en-1-yl)(p-tolyl)methanone (1w)

A white solid (265 mg, 70% yield), m.p. 128-131 °C.

'H NMR (400 MHz, CDCl3): 6 7.58 (d, J = 8.2 Hz, 2H),
7.45 —7.42 (m, 2H), 7.20 — 7.15 (m, 5H), 7.10 (d, J = 8.1
Hz, 2H), 7.03 (d, /= 8.1 Hz, 2H), 4.22 (s, 2H), 2.65 (dt, J =
6.8, 3.4 Hz, 2H), 2.55- 2.51 (m, 2H), 2.35 (s, 3H), 2.27 (s,

1w

3H).
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3C NMR (101 MHz, CDCl3): 8 199.73, 175.24, 143.69, 141.72, 139.53, 136.48,
132.35, 129.51, 129.28, 129.27, 128.92, 128.26, 126.74, 124.82, 65.49, 54.11, 42.52,
40.01, 21.68, 21.19.

HRMS (ESI) m/z: [M+H]" calcd. for C27H26NO, 380.2009; found, 380.2013.

(4-Fluorophenyl)(5-(4-fluorophenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
yDmethanone (1x)
A white solid (314 mg, 81% yield), m.p. 194-197 °C.
'"H NMR (400 MHz, CDCl3): 3 7.68 (dd, J= 8.3, 5.6 Hz,
2H), 7.39 - 7.37 (m, 2H), 7.17 - 7.13 (m, 5H), 7.05 (t, J =
8.6 Hz, 2H), 6.90 (t, J = 8.5 Hz, 2H), 4.20 (s, 2H), 2.65 (d,
x J=17.3 Hz, 2H), 2.54 - 2.51 (m, 2H).

3C NMR (101 MHz, CDCl3): 5 198.25, 174.84, 165.33 (d,
J=255.6 Hz), 161.83 (d, J = 245.3 Hz), 140.29 (d, J = 3.2 Hz), 139.26, 131.78 (d, J =
9.4 Hz), 131.24 (d, J = 3.0 Hz), 129.58, 128.44, 126.69, 126.56 (d, J= 8.0 Hz), 115.81
(d,J=21.4Hz), 115.48 (d, J=21.9 Hz), 65.37, 54.00, 42.44, 39.85.
F NMR (376 MHz, CDCl;): 5 -104.57, -115.56.
HRMS (ESI) m/z: [M+H]" calcd. for C2sH20F2NO, 388.1507; found, 388.1508.

(4-Chlorophenyl)(5-(4-chlorophenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-
y)methanone (1y)
A white solid (335 mg, 80% yield), m.p. 193-195 °C.
'TH NMR (400 MHz, CDCl3): & 7.60 — 7.57 (m, 2H), 7.41
(dd, J=6.5, 3.1 Hz, 2H), 7.35 — 7.32 (m, 2H), 7.22 - 7.16
(m, 5H), 7.13 -7.10 (m, 2H), 4.19 (s, 2H), 2.65 (dt, J= 6.5,
Ty 3.3 Hz, 2H), 2.54 (dt, J = 6.4, 3.6 Hz, 2H).

13C NMR (101 MHz, CDCl3): 6 198.53, 174.61, 142.89,
139.38, 139.17, 133.05, 132.81, 130.47, 129.66, 129.09, 128.63, 128.48, 126.67,
126.39, 65.12, 53.98, 42.57, 39.72.
HRMS (ESI) m/z: [M+H]" calcd. for C25H20C12NO, 420.0916; found, 420.0928.

(3-Methoxyphenyl)(5-(3-methoxyphenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-
1-yl)methanone (1z)
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A colorless oil (345 mg, 84% yield).

'TH NMR (400 MHz, CDCl3): 6 7.41 (dd, J = 6.0, 2.6
Hz, 2H), 7.29 (t, J= 7.9 Hz, 1H), 7.22 — 7.16 (m, 5H),
7.12 (t,J=7.9 Hz, 1H), 6.90 (dd, /= 8.1, 2.5 Hz, 1H),
6.82 - 6.78 (m, 2H), 6.73 (s, 1H), 4.22 (s, 2H), 3.81 (s,
3H), 3.74 (s, 3H), 2.69 — 2.65 (m, 2H), 2.53 (dt, J = 6.5, 3.2 Hz, 2H).

3C NMR (101 MHz, CDCl3): & 199.85, 175.06, 160.10, 159.39, 146.31, 139.49,
136.17, 130.00, 129.41, 129.16, 128.37, 126.73, 121.94, 119.57, 117.23, 113.21,
111.99, 110.96, 65.34, 55.44, 55.34, 54.19, 42.94, 40.01.

HRMS (ESI) m/z: [M+H]" calcd. for C27H26NO3, 412.1907; found, 412.1917.

1z

(5-(4-Bromophenyl)-2-phenyl-3-azabicyclo[3.1.1]hept-2-en-1-yl)(3,5-
dimethylphenyl)methanone (1aa)
A white solid (288 mg, 63% yield), m.p. 224-226 °C.

'H NMR (400 MHz, CDCL): § 7.49 (d, J = 8.4 Hz,
2H), 7.39 (dd, J = 6.5, 2.9 Hz, 2H), 7.24 (s, 2H), 7.18
~7.15 (m, 3H), 7.08 — 7.05 (m, 2H), 6.98 (s, 1H), 4.19
(s, 2H), 2.62 (dt, J = 6.5, 3.3 Hz, 2H), 2.53 — 2.49 (m,

1aa

2H), 2.20 (s, 6H).

3C NMR (101 MHz, CDCl3): 8 200.07, 143.71, 137.77, 134.70, 134.67, 132.01,
129.41, 128.32, 127.06, 126.82, 126.66, 120.78, 65.10, 54.13, 42.62, 21.23.

HRMS (ESI) m/z: [M+H]" calcd. for C27H2sBrNO, 458.1114; found, 458.1117.
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4. Supplementary optimization of the reaction conditions

Table S1. Screening of chiral Brensted acid catalyst

cat. (10 mol%)
HE1 (3 eq.)

mesitylene (0.05 M)
50°C,48 h

R R
e OO, OO
C2, R = 1-naphthyl O\F’//o O\F’//O
b C3, R = 9-anthryl 07 NHTF 07" NHTS
" c4,R=3,5/CF3),CeHs OO ‘O
R R

C7, R = 9-[10-[(3,5-(CF3),CgH3)]anthryl]

C5, R = 9-anthryl C6, R = 9-anthryl
entry? Cat. yield (%)° ee (%)°
1 None 0 0
2 c1 49 70
3 C2 82 76
4 C3 74 90
5 c4 85 77
6 C5 66 -28
7 Ccé 50 -8
8 C7 78 94

4Reaction conditions: 1a (0.05 mmol), HE1 (0.15 mmol) and catalyst (10 mol%) in mesitylene (1
mL) at 50 °C for 48 h. ®Yield were determined by '"H NMR analysis of the crude reaction mixture
using triphenylmethane as an internal standard. °The ee values were determined by chiral HPLC
analysis.

Table S2. Screening of reductant

S
C7 (10 mol%) >_©,R
hydrogen source (3 eq.) N
H
mesitylene (0.05 M)
50°C, 48 h BT1,R=F
BT2, R = OH
entry? hydrogen source yield (%)° ee (%)° ROzCHCOZR
1 BT1 8 6 Me N Me
2 BT2 45 46 H
3 HE1 78 94 HE1, R = Et
4 HE2 66 93 HE2, R = Me
5 HE3 62 72 HE3, R = {Bu

aReaction conditions: 1a (0.05 mmol), hydrogen source (0.15 mmol) and C7 (10 mol%) in
mesitylene (1 mL) at 50 °C for 48 h. ®Yield were determined by 'H NMR analysis of the crude
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reaction mixture using triphenylmethane as an internal standard. °The ee values were determined by
chiral HPLC analysis.

Table S3. Optimization of Hantzsch ester equivalents

C7 (10 mol%)

HE1 (x eq.)
mesitylene (0.05 M)
50°C,48h
entry? HE1 (x eq.) yield (%)° ee (%)°

1 1.0 75 (75) 94
2 1.5 78 (77) 94
3 2.0 81 (76) 94
4 25 81 (78) 94
5 3.0 78 (76) 94

aReaction conditions: 1a (0.05 mmol), HE1 and C7 (10 mol%) in mesitylene (1 mL) at 50 °C for
48 h. ®Yield were determined by 'H NMR analysis of the crude reaction mixture using
triphenylmethane as an internal standard. Isolated yield was provided in parentheses. “The ee values

were determined by chiral HPLC analysis.

Table S4. Evaluation the effect of solvent

C7 (10 mol%)

HE1 (2.5 eq.)
mesitylene (0.05 M)
1a temp., time
entry? solvent temp. (°C) time (h) yield (%)° ee (%)°
1 benzene 50 48 78 92
2 PhCF5 50 48 81 90
3 mesitylene 50 48 81 94
4 toluene 50 48 78 92
5 EtOAc 50 48 45 84
6 THF 50 48 39 84
7 CH,Cl, 50 48 62 86
8 mesitylene 60 48 80 92
9 mesitylene 70 48 86 87
10 mesitylene 80 48 85 80
1" mesitylene 50 24 78 94
12 mesitylene 50 72 94(89) 94
13 mesitylene (0.01 M) 50 72 75 94
14 mesitylene (0.1 M) 50 72 81 94

aReaction conditions: 1a (0.05 mmol), HE1 (0.125 mmol) and C7 (10 mol%) in solvent. *Yield were
determined by "H NMR analysis of the crude reaction mixture using triphenylmethane as an internal
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standard. Isolated yield was provided in parentheses. “The ee values were determined by chiral
HPLC analysis.

Table S5. Evaluation of catalyst loading

N O C7 (x mol%)
AN

o) HE1 (2.5 eq.)
O mesitylene (0.05 M)
Q 50°C, 72 h
1a (0.05 mmol)
entry X yieldNMR (%) ee (%)
1 1 77 90
2 5 93 93
3 10 94 94

aReaction conditions: 1a (0.05 mmol), HE1 (0.125 mmol) and C7 (x mol%) in mesitylene (1 mL).
®Yield were determined by 'H NMR analysis of the crude reaction mixture using triphenylmethane

as an internal standard. “The ee values were determined by chiral HPLC analysis.
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5. Synthetic procedures and characterization of C7

Scheme S3. Synthesis of C7. C7a was prepared according to the reported procedure!®,

HO ;oM Pd(PPhs), (10 mol%)
KsPO4 (12 eq.)

OO DME, 85°C,3d

HCI (40 eq.)

L
y

CHCI3/MeOH (1/1)
60°C,12h

3,5-(CF3)2CgH3B(OH); (5 eq.)
Pd(PPhs)s (10 mol%)
KCOj (5 eq.), THF/H,0 (1/11)
90°C,2d

nBuyNBr3 (2.2 eq.)

L

CHCI3/MeOH (4/1), 1 h

1) CI3P=NTf (2 eq.)
DMAP (4 eq.)
CH,Cl,, 0°Ctort,3 h
2) NaOH (10 eq.)
1,4-dioxane, H,O
40°C, 12 h

A 250 mL round- bottom flask was charged with C7a (3.10 g, 5 mmol),9-anthracene
boronic acid (6.66 g, 30 mmol) and K3PO4 (12.72 g, 60 mmol) in air. Then the flask
was evacuated and refilled with argon triple times. Next, DME (100 mL) was added
under argon atmosphere and the flask was quickly evacuated and refilled with argon
triple times. Finally, Pd(PPh3)4 (578 mg, 10 mol%) was added under argon atmosphere
and again quickly evacuated and refilled with argon three times. Upon completion, the
reaction mixture was stirred at 85 °C for 3 d. After cooling to room temperature, H.O
and CH>Cl, were added and the layers were separated. The aqueous layer was extracted
with CH2Cl,, the combined extracts were dried over Na>SO4 and evaporated under
reduced pressure. Purification of the residue by repeated column chromatography on
silica gel (petroleum ether/CH>Cl, = 2/1) to afford C7b as a yellow solid.

To a solution of C7b in a mixture of CHCI3 (50 mL) and MeOH (50 mL) was treated

with conc. HCl (25 mL) and heated to 60 °C for 12 h. After cooling to room
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temperature, diluted with CH2Cl,. The separated aqueous layer was extracted with
CH:Cl,. The combined organic layer was dried over anhydrous Na>SOg, filtered and
evaporated under reduced pressure. The residue was purified by silica gel flash
chromatography (petroleum ether/CH2Cl = 2/1) to give C7¢ as a white solid (2.40 g,
76% yield over two steps).

To a solution of C7¢ (2.21 g, 3.5 mmol) in a mixture of CHCI3 (20 mL) and MeOH (5
mL), tetrabutylammonium tribromide (3.71 g, 7.7 mmol) was added slowly in batches.
The resulting mixture was stirred for 1 h at room temperature. The reaction was
quenched with 1N HCI (aq.), and extracted with CH>Cl,. The combined organic layers
were dried with anhydrous Na>SOs4 and then concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel (petroleum ether/CH>Cl, = 5/1)
to give C7d as a light-yellow solid (2.24 g, 81% yield).

A 250 mL round-bottom flask was charged with C7d (2.0 g, 2.5 mmol), 3,5-
Bis(trifluoromethyl)benzene boronic acid (3.22 g, 12.5 mmol) and KoCOs (1.7 g, 12.5
mmol) in air. Then the flask was evacuated and refilled with argon three times. Next,
THF/H20 (50 mL) was added under argon atmosphere and the flask was quickly
evacuated and refilled with argon triple times. Finally, Pd(PPh3)4 (289 mg, 10 mol%)
was added under argon atmosphere and again quickly evacuated and refilled with argon
triple times. Upon completion, the reaction mixture was stirred at 90 °C for 48 h. After
cooling to room temperature, H>O and CH2Cl, were added and the layers were separated.
The aqueous layer was extracted with CH>Cl,, the combined extracts were dried over
Na»SO4 and evaporated under reduced pressure. Purification of the residue by repeated
column chromatography on silica gel (petroleum ether/CH>Cl, = 5/1) to afford C7e
(2.53 g, 96% yield) as a light-yellow solid.

To an oven-dried round-bottom flask was charged with C7e (2.11 g, 2.0 mmol). After
evacuating and refilling with argon three times, anhydrous CH>Cl» (40 mL) was added.
To this solution was added DMAP (977 mg, 8.0 mmol) and TfN=PCIl; (628 uL, 4.0
mmol) dropwise at 0 °C. The mixture was then stirred at room temperature for 3 h.
After full consumption of C7e, to the suspension of C7e was added 1,4-dioxane (20
mL) and 2 M NaOH (aq.) (10 mL, 20 mmol). The suspension was stirred at 40 °C for
12 h. The solution was cooled to room temperature and carefully acidified to pH<7 with
6 N HCI (aq.). The mixture was extracted by CH2Clz.and the combined organic layer

was washed with brine, dried over anhydrous Na,SOs, filtrated and concentrated. The
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crude product was purified by a flash chromatography on silica gel (petroleum
ether/EtOAc = 1/1) to give the desired product C7, which sometime existed as a salt
form.

The pure C7 was obtained by re-dissolving it in CHCl,, stirring with conc. HCI
overnight. Upon completion, the mixture was diluted with CH>Cl; and the separated
aqueous layer was extracted with CH>Cls, the combined organic layer was washed with
distilled water for three times and evaporated under reduced pressure to afford C7 as a
pale white foam (2.25 g, 90% yield over two steps).

'TH NMR (400 MHz, CDCl3): 5 8.01 (d, J= 6.3 Hz, 2H), 7.91 (s, 1H), 7.87 — 7.83 (mm,
3H), 7.72 - 7.66 (m, 4H), 7.38 — 7.22 (m, 10H), 7.24 — 7.22 (m, 2H), 7.01 (s, 2H), 3.80
(brs, 1H), 3.23 (dt, J = 16.4, 8.2 Hz, 2H), 3.09 (ddd, /= 16.4, 7.7, 4.2 Hz, 2H), 2.66 —
2.59 (m, 2H), 2.50 — 2.37 (m, 8H).

3C NMR (101 MHz, CDCl3): 8 146.49, 144.67, 142.07, 141.73, 141.62, 141.10,
140.44, 140.36, 139.37, 139.34, 139.30, 139.27, 134.94, 134.44, 134.00, 133.90,
133.18, 133.08, 132.77, 132.65, 132.46, 132.32, 132.13, 132.11, 131.99, 131.85,
131.80, 131.58, 131.52, 131.29, 131.10, 130.98, 130.95, 130.30, 130.13, 130.10,
130.05, 129.96, 129.86, 129.72, 129.33, 128.63, 128.24, 128.15, 127.72, 127.46,
127.34, 126.84, 126.79, 126.64, 126.52, 126.40, 126.27, 126.17, 126.04, 125.83,
125.49, 125.46, 125.17, 125.01, 124.86, 124.75, 124.63, 124.35, 122.76, 122.30,
122.15, 122.04, 121.92, 121.52, 119.56, 116.36, 113.15, 61.22, 39.45, 38.42, 29.40,
18.67.

YF NMR (376 MHz, CDCl;3): 5 -62.61, -62.64, -62.73, -63.00, -78.12.

3P NMR (162 MHz, CDCls): § -15.28.

HRMS (ESI) calcd for [M+H]+ CssHaoF15sNOsPS, m/z: 1250.2120; found: 1250.2120.
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6. Synthesis and characterization of 3-aza-BCHeps

General procedure for asymmetric reduction

C7 (10 mol%) N \\
HE1 (2.5¢eq.) 7S
mesitylene (0.05 M) @

50°C,72 h 2

An oven-dried 25 mL Schlenk tube equipped with a magnetic stir bar was charged with
imine 1 (0.2 mmol, 1.0 equiv.), Hantzsch ester (0.5 mmol, 2.5 equiv.), and C7 (10
mol%). The tube was evacuated and backfilled with argon three times. Mesitylene (4
mL) was then added, and the mixture was stirred at 50 °C for 72 h. After cooling to
room temperature, chloranil (0.2 mmol, 1.0 equiv.) was added, and the mixture was
stirred for an additional 20 min. The reaction was quenched with saturated aqueous
NaHCOs3. The mixture was washed with aqueous NaOH (2 M, 2 x 10 mL), the aqueous
phase was extracted with CH2Cl; (3 x 10 mL), and the combined organic layers were
dried over Na>SOu, filtered. The filtrate was concentrated under reduced pressure, and
the residue was purified via column chromatography on silica gel (petroleum
ether/EtOAc/CH2Cly = 11/1/1 to 2/1/1) basified with triethylamine to give product 2.
(For those samples with unsatisfactory purity, additional separation was achieved by
preparative TLC.)

The racemic products were synthesized with (rac)-C7 (5 mol%) as catalyst.
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Characterization of 3-aza-BCHeps

(R)-(2,5-Diphenyl-3-azabicyclo[3.1.1]heptan-1-yl)(phenyl)methanone

H
N \\\O

0]

O

2a

According to the general procedure, 2a was obtained as a white solid in 92% yield with
94% ee, m.p. 147-150 °C, [a]] -20.0 (¢ 0.5, CHCL).

TH NMR (400 MHz, CDCl3): & 7.57 (d,J=7.6 Hz, 2H), 7.45 (t,J=7.4 Hz, 1H), 7.35
— 7.30 (m, 4H), 7.24 — 7.14 (m, 8H), 4.85 (s, 1H), 3.41 (d, J=11.5 Hz, 1H), 3.36 (d,
J=11.5Hz, 1H), 2.88 — 2.80 (m, 1H), 2.73 — 2.68 (m, 2H), 2.53 (d, J=9.6 Hz, 1H),
2.42 (brs, 1H).

13C NMR (101 MHz, CDCl3): 5 202.49, 146.22, 141.51, 136.53, 132.47, 128.63,
128.52, 128.34, 128.30, 127.82, 127.36, 126.42, 125.18, 64.43, 56.84, 54.18, 46.50,
42.59, 33.21.

HRMS (ESI) m/z: [M+H]" calced. for C2sH24NO, 354.1852; found, 354.1851.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8
mL/min, A = 254 nm, tg (minor) = 12.8 min, tr (major) = 20.0 min, ee = 94%.

Chiral HPLC spectrum of (rac)-2a

DAD1 F, Sig=260,4 Ref=360,100 (DengMX\DMX...25 2025-10-31 22-33-25\IA-NEW-7030-0.8-40-DMX-1-293-12-RAC.D)

mAU - 3
25 Peak RetTime Type Width Area Height Area ‘v’-“r §
20 # [min] [min] [mAU*s] [mAU] % I S
] ) el ERREEEL lramenamend frrmemmnans | e | | | i
15 1 11.968 BB 8.2695 1222.87678 68.69626 49.7321 ‘ | f\
2 18.349 BB ©.4155 1235.24194  45,39318 50.2679 | { \
10 - |1
Totals : 2457.31873 114.88944 [ 1
5 I
0 - = \
E s mh i = — — S
T T T T
2.5 5 T:5 10 125 15 171.5 20 225 min
Chiral HPLC spectrum of (R)-2a
DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...0.8-25 2025-10-31 22-33-25\A-NEW-7030-0.8-40-DMX-1-293-12.0)
mAU 2 ]
= 8
af Peak RetTime Type Width Area Height Area ﬁ
300 - #  [min] [min]  [mAU*s] [mAU) %
L R R E [osnmesnnes Jommennees [-emnnes \ |
1 1 12.271 BB 9.2874 70.51679 3.71552  2.9745 |
200 3 2 18.879 BB ©.4282 2300.17627 82.27278 97.8255
150 -
= Totals : 2370.69306  85.93830
100 b=
il ~
50— i
0 - = s T, S =
T T Tk T E L
25 5 15 10 12.5 15 17.5 20 225 min



(R)-Phenyl(5-phenyl-2-(p-tolyl)-3-azabicyclo[3.1.1]heptan-1-yl)methanone

According to the general procedure, 2b as obtained as a pale yellow solid in 85% yield
with 92% ee, m.p. 139-141 °C, [a]} -10.0 (¢ 0.5, CH2CL).

'H NMR (400 MHz, CDCl3): § 7.62 (d, J= 7.6 Hz, 2H), 7.46 (t,J= 7.4 Hz, 1H), 7.33
(t,J=7.8 Hz, 4H), 7.24 — 7.17 (m, 3H), 7.08 (d, /= 7.9 Hz, 2H), 6.96 (d, /= 7.9 Hz,
2H), 4.83 (s, 1Hz), 3.40 (d, J=11.5 Hz, 1H), 3.34 (d, /= 11.6 Hz, 1H), 2.83 (dd, J =
9.4,5.7Hz,1H),2.73 — 2.68 (m, 2H), 2.52 (d, J=9.6 Hz, 1H), 2.44 (brs, 1H), 2.24 (s,
3H).

3C NMR (101 MHz, CDCl3): § 202.38, 146.29, 138.40, 137.39, 136.50, 132.45,
129.01, 128.69, 128.50, 128.30, 127.17, 126.38, 125.16, 64.22, 56.89, 54.24, 46.59,
42.58,33.10, 21.16.

HRMS (ESI) m/z: [M+H]" calcd. for C26H26NO, 368.2009; found, 368.2009.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A =254 nm, tr (minor) = 12.9 min, tr (major) = 24.6 min, ee = 92%.

Chiral HPLC spectrum of (rac)-2b

DADI A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...35 203-11-04 17-35-28\1A-New—7030-0. 8-35-DMX-1-293-11-RAC. D)
mAU { Y
L Peak Ret Type Width Area Height E
60 #  [min] [min] mAlU#xs ] [mAl] L] 5
b b o e e B el G ihiroy o
40 4 1 12.821 BB 0.3055 1634. 85381 B1.B6375 49.9477
2 24.851 BB 0.8024 1638. 07715 41. 68785 50.0523
90 Totals : 3272.73096 123. 35160
5 i i ,
T T T T T
5 10 15 20 _ 25 mi
Chiral HPLC spectrum of (R)-2b
DADI A, Sig=254, 4 Ref=360, 100 (D:\CHEM32\...0.8-352025-11-04 17-35-28\IA-New-7030-0. 8-35-DMX-1-293-11.D)
mAU 2
200 Peak RetTime Type Width Area Height Area
# [min] min] [mAUs] mAU] ¥
150 | |
1 12.852 BB 0. 3063 386.11673 19. 22697 3. 8568
2 24.590 BB 0.6190 9624. 85742 236.42068 96. 1431
100 %
- Totals 1.00110e4 255. 64765 o
50 o~
0
T T T T T ‘
5 10 15 20 25 mi
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(R)-(2-(4-Methoxyphenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-
yD)(phenyl)methanone

According to the general procedure, 2¢ as obtained as a pale yellow solid in 80% yield
with 78% ee, m.p. 126-129 °C, [a]] -2.0 (¢ 0.5, CH2CL).

H NMR (400 MHz, CDCL3): § 7.60 (d, J = 7.4 Hz, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.33
(t,J=7.6 Hz, 4H), 7.24 — 7.20 (m, 1H), 7.19 - 7.17 (m, 2H), 7.11 (d, J = 8.7 Hz, 2H),
6.68 (d, J=8.7 Hz, 2H), 4.80 (s, 1H), 3.70 (s, 3H), 3.39 (d, J=11.6 Hz, 1H), 3.32 (dd,
J=11.5,1.3 Hz, 1H), 2.84 (dd, J=9.5, 7.1 Hz, 1H), 2.73 (dd, J = 8.7, 1.4 Hz, 1H),
2.68 (dd, J=8.4,7.1 Hz, 1H), 2.54 — 2.52 (m, 2H).

13C NMR (101 MHz, CDCl3): 8 202.40, 159.06, 146.23, 136.54, 133.45, 132.45,
128.62, 128.50, 128.44, 128.31, 126.39, 125.15, 113.67, 63.93, 56.80, 55.22, 54.23,
46.83,42.50, 32.87.

HRMS (ESI) m/z: [M+H]" calcd. for C26H26NO2, 384.1958; found, 384.1958.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8
mL/min, A = 254 nm, tr (minor) = 16.4 min, tr(major) = 30.2 min, ee = 78%.

Chiral HPLC spectrum of (rac)-2¢

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\...-35 205-11-04 17-35-28\IA-New-7030-0. 8-35-DMX-1-293-8-RAC. D)
mAU 2

Height
[mAU]

40 Peak RetTime Type Width Area
min] [min]  [mAU*s]

30 | | | | |
1 16.258 BB 0.4210 1485.61621 53.33561 50.2961

20 2 30.055 BB 0.7516 1468.12202 20.75807 49.7039

Area

10 Totals : 2953.73914 83.09368

0

min

Chiral HPLC spectrum of (R)-2¢

DAD1 A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-0.83 2025-11-04 17-35-28\1A-New—7030-0. 8-35-DMX-1-293-8. D)
mAU
50 I ype Width Area Height Area
min] mAU*s] [mal

40 |

; 0.4349 366,37 12. 76153 10. 8680 s
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(R)-(2-([1,1'-Biphenyl]-4-yl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

According to the general procedure, 2d as obtained as a white solid in 91% yield with
90% ee, m.p. 165-168 °C, [a]h +56.0 (¢ 0.5, CH2CL).

'H NMR (400 MHz, CDCl3): 8 7.61 — 7.59 (m, 2H), 7.49 — 7.47 (m, 2H), 7.44 —7.36
(m, 5H), 7.33 — 7.27 (m, 5H), 7.26 — 7.16 (m, SH), 4.88 (s, 1H), 3.41 (d, /= 11.6 Hz,
1H), 3.36 (d,J=11.5 Hz, 1H), 2.85 (dt, /=9.5, 3.2 Hz, 1H), 2.72 — 2.68 (m, 2H), 2.53
(d, /J=9.5Hz, 1H), 2.42 (brs, 1H).

3C NMR (101 MHz, CDCl3): & 202.44, 146.20, 140.77, 140.65, 140.49, 136.50,
132.51, 128.77, 128.69, 128.51, 128.32, 127.79, 127.29, 127.05, 126.98, 126.41,
125.17, 64.06, 56.81, 54.19, 46.34, 42.60, 33.28.

HRMS (ESI) m/z: [M+H]" caled. for C31H2sNO, 430.2165; found, 430.2166.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (major) = 11.4 min, tr (minor) = 19.4 min, ee = 90%.

Chiral HPLC spectrum of (rac)-2d

DADL A, Sig=254, 1 Ref=360, 100 (D:\CHEM32\. .. 30-0. 810 2025-10-20 14-24-53\1-1B-1-293-1-7030-0, 8-10-EAD)
; © S
mAU 3 E
1 =
100 4 Peak RetTime Type Width Area Height
] #  [min] [min] [ [mAl §
80  memplcpeemrolmees lbosscvl bnpogeursrd bephirmres: Lrpssanno
oo X 1 11.578 BB 0. B73 48 130.41682 19. 5466
60 7: 2 19.010 BB 0.8220 6122. 18994 108.21416 50. 4534
09 r1otals : 1.21344e4  238.63099
20 4
I ; S
T T T T T T T T
2.5 5 7.5 10 12.5 15 17.5 20 22.5  mi
Chiral HPLC spectrum of (R)-2d
DADI A, Sig=254, 4 Ref=360, 100 (D:\CHEM32\. .. 1=7036:0. 840 2025-10-20 14-24-53\1-1B-1-293-1-7030-0, 6-1)
mAU ] g
250 Peak Re me Type Widih Area Height Area
200 : . AGka] | Mmdb] &
- 11.398 BB 0135e4 288.30804 95.2106
150 2 19.429 BB 0.8215 654.61804 11. 40813 4. 7894
1004 1otals 1.36682¢4 299, 71617 g
50 3 5
0
T T T T T T T T T
2.5 5 7.5 10 12.5 15 17.5 20 22,5 mi
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(R)-Methyl 4-(1-benzoyl-5-phenyl-3-azabicyclo[3.1.1]heptan-2-yl)benzoate

H O/COgMe
N w\

According to the general procedure, 2e as obtained as a white solid in 92% yield with
95% ee, m.p. 163-166 °C, [a]] +24.0 (¢ 0.5, CH.Cl).

'"H NMR (400 MHz, CDCl3): & 7.84 — 7.82 (m, 2H), 7.59 — 7.57 (m, 2H), 7.48 —
7.43 (m, 1H), 7.32 (t,J=7.6 Hz, 4H), 7.28 — 7.26 (m, 2H), 7.24 — 7.19 (m, 1H), 7.18
— 7.15 (m, 2H), 4.91 (s, 1H), 3.85 (s, 3H), 3.40 (d,J=11.7 Hz, 1H), 3.38 (d,J=11.7
Hz, 1H) 2.83 — 2.76 (m, 1H), 2.74 — 2.69 (m, 2H), 2.49 (d, J = 9.5 Hz, 1H), 2.36 (brs,
1H).

13C NMR (101 MHz, CDCl3): § 202.16, 166.95, 147.01, 146.04, 136.29, 132.76,
129.65, 129.52, 128.69, 128.57, 128.48, 127.51, 126.53, 125.18, 64.02, 56.71, 54.08,
52.17,46.16, 42.64, 33.44.

HRMS (ESI) m/z: [M+H]" calcd. for C27H26NOs3, 412.1907; found, 412.1906.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (minor) = 20.9 min, tr (major) = 26.1 min, ee = 95%.

Chiral HPLC spectrum of (rac)-2e

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-293-4-RAC.D)
mAU - ~ s
1 Peak RetTime Type Width Area Height Area <
203 #  [min] [min]  [mAU*s] [mau] %
I [ P (- [ [wmmmsen |
15 1 15.047 BB ©.3722 93.40842  3.78066  2.4999
7 2 23.686 BB ©.5386 3643.08789 104.81555 97.5001
107: Totals : 3736.49632 107.79621
55
0 -
T T T T T U T T
5 10 15 20 25 mi

Chiral HPLC spectrum of (R)-2e

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-17 16-58-05\|A-NEW-7030-0.8-40-DMX-1-293-4.D)

mAU =
250 Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [maAU] %
200 R B B R D B EE et
1 20.909 BB  ©.5292 326.58167  9.48299  2.6856
150 2 26.124 BBA  ©.6354 1.18338e4  286.76434 97.3144
100 Totals : 1.21604e4  296.16733
=1
50 =
o
o~
0 ! —
T T T T T T
5 10 15 20 25 mil
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(R)-(2-(4-Fluorophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)

(phenyl)methanone

According to the general procedure, 2f as obtained as a pale yellow solid in 87% yield
with 96% ee, m.p. 169-174 °C, [a]} -18.0 (¢ 0.5, CH2CL).

TH NMR (400 MHz, CDCl3): & 7.58 (d,J=7.5Hz, 2H), 7.46 (t,J=7.4 Hz, 1H), 7.33
(t,J=7.7 Hz, 4H), 7.22 (t, J= 7.3 Hz, 1H), 7.18 — 7.15 (m, 4H), 6.83 (t, J = 8.6 Hz,
2H), 4.83 (s, 1H), 3.40 (d, /= 11.4 Hz, 1H), 3.34 (d, /= 11.4 Hz, 1H), 2.83 (dd, J =
9.4,7.1 Hz, 1H), 2.73 (d,J= 8.8 Hz, 1H), 2.70 — 2.66 (m, 1H), 2.51 (d, /J=9.6 Hz, 1H),
2.46 (brs, 1H).

13C NMR (101 MHz, CDCl3): & 202.31, 162.27 (d, J=246.1 Hz), 146.06, 137.25 (d,
J=3.1 Hz), 136.42, 132.67, 129.04 (d, J = 8.1 Hz), 128.59 (d, J = 6.5 Hz), 128.42,
126.50, 125.17, 115.29, 115.08, 63.71, 56.67, 54.12, 46.63, 42.51, 32.99.

F NMR (376 MHz, CDCl;): & -114.52.

HRMS (ESI) m/z: [M+H]" calcd. for CasH23FNO, 372.1758; found, 372.1759.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A =254 nm, tr (minor) = 12.7 min, tr (major) = 19.6 min, ee = 96%.

Chiral HPLC spectrum of (rac)-2f

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-293-2-RAC.D)
mAU o
Peak RetTime Type Width Area Height Area 1
80 #  [min] [min]  [mau*s] [mau] % %
conlrm I Bl [ [ [ | 3
60 ] 1 12.686 BB ©.2753 1759.95386  98.89716 49.8869 ®
2 195.6e4 BB 0.4377 1767.93274  62.17764 50.1131
40 Totals : 3527.88660 160.27480
20
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Chiral HPLC spectrum of (R)-2f

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-17 16-58-05\|A-NEW-7030-0.8-40-DMX-1-293-2.D)

mAU 5
50;3 Peak RetTime Type Width Area Height Area
E #  [min] [min]  [mAU*s] [mAU] %
I [ [ mmmmmae Jowmmmmmine Jemmeass [
40_5 1 12.744 BB 9.2889 43.16534 2.27982  2.0672
3 2 19.646 BB 0.4419 2044.896060 71.82376 97.9328
304
El Totals : 2088.06133 73.30358
204 <
] R
10 b
0 Moy : . -
L L LTI T ' T T | S T T T T
2.5 5 7.5 10 125 15 17.5 20 22.5 mil




(R)-(2-(4-Chlorophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

According to the general procedure, 2g as obtained as a pale yellow solid in 86% yield
with 94% ee, m.p. 137-140 °C, [a]% +10.0 (c 0.5, CH2Cl).

'"H NMR (400 MHz, CDCl3): & 7.62 — 7.60 (m, 2H), 7.49 — 7.46 (m, 1H), 7.37 —
7.31 (m, 4H), 7.24 — 7.21 (m, 1H), 7.18 — 7.10 (m, 6H), 4.83 (s, 1H), 3.40 (d, J =
11.4 Hz, 1H), 3.35 (d, J=11.4 Hz, 1H), 2.80 (dd, J=9.5, 6.5 Hz, 1H), 2.73 — 2.66 (m,
2H), 2.49 (d, J=9.5 Hz, 1H), 2.29 (brs, 1H).

13C NMR (101 MHz, CDCl3): & 202.16, 146.05, 140.22, 136.30, 133.37, 132.70,
128.79, 128.66, 128.52, 128.43, 128.40, 126.46, 125.14, 63.65, 56.67, 54.05, 46.32,
42.52,33.15.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23CINO, 388.1463; found, 388.1461.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (minor) = 13.6 min, tr (major) = 23.4 min, ee = 94%.

Chiral HPLC spectrum of (rac)-2g

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...25 2025-10-31 22-33-25\IA-NEW-7030-0.8-40-DMX-1-293-13-RAC.D)
mAU g
354
304 Peak RetTime Type Width Area Height Area §
ok B v T e B e O S &
20 1 13.548 BB ©.3128 796,28491 38,91827 49,9326
154 2 23.554 BBA  ©.5337 798.43457 22.96842 56.0674
10 Totals : 1594.71948  61.87869
53
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Chiral HPLC spectrum of (R)-2g
DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...0.8-25 2025-10-31 22-33-25\IA-NEW-7030-0.8-40-DMX-1-293-13.D)
mAU >
1755 Peak RetTime Type Width Area Height Area
150 - #  [min] [min]  [mAU*s] [mAU] %
gk ceefeaees o [ [rommeees I-nneeeee |
1 13.562 BB 9.3214 202.85141 9.64416  2.8487
1004 2 23.387 BBA  ©.5490 6938.00586 193.19901 97.1593
75 Totals : 7140.85727 202.84317
50 o
o
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(R)-(2-(4-Bromophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

According to the general procedure, 2h as obtained as a pale yellow solid in 88% yield
with 93% ee, m.p. 103-105 °C, [a]% +16.0 (c 0.5, CH2Cl).

'"H NMR (400 MHz, CDCl3): § 7.60 — 7.58 (m, 2H), 7.50 — 7.46 (m, 1H), 7.37 —
7.31 (m, 4H), 7.27 (d, J = 8.3 Hz, 2H), 7.22 (t, /= 7.4 Hz, 1H), 7.18 — 7.15 (m, 2H),
7.07 (d, J = 8.4 Hz, 2H), 4.82 (s, 1H), 3.40 (d, /= 11.5 Hz, 1H), 3.35 (d, /= 11.5 Hz,
1H), 2.79 (dd, /=9.5, 6.3 Hz, 1H), 2.73 — 2.66 (m, 2H), 2.50 (d, J = 9.6 Hz, 1H), 2.22
(brs, 1H).

13C NMR (101 MHz, CDCl3): 8 202.16, 146.03, 140.67, 136.31, 132.76, 131.41,
129.16, 128.70, 128.57, 128.49, 126.52, 125.17, 121.65, 63.70, 56.66, 54.02, 46.33,
42.55, 33.20.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23BrNO, 432.0958; found, 432.0958.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8
mL/min, A =210 nm, tr (minor) = 14.4 min, tr (major) = 27.5 min, ee = 93%.

Chiral HPLC spectrum of (rac)-2h

DAD1 C, Sig=210,4 Ref=360,100 (DengMX\DMX...-30 2025-10-20 13-16-53\IA-NEW-7030-0.8-40-DMX-1-293-3-RAC.D)

mAU ?
200

Peak RetTime Type Width Area Height Area %
#  [min] [min] [mAU*s] [mAU] % ~
STV R P [ e A [[E— | o
1 14.337 BB ©.3318 5821.48137 267.58920 50.1842
100 2 27.554 BB ©.6331 5778.67098 141.31300 49.8158
50 Totals : 1.16001ed4  408.90221
0 =7 g
T T T T T 5
5 10 15 20 25 mi

Chiral HPLC spectrum of (R)-2h

DAD1 C, Sig=210.4 Ref=360,100 (DengMX\DMX...-0.8-30 2025-10-20 13-16-53\IA-NEW-7030-0.8-40-DMX-1-293-3.D)

mAU 2
1754
150 4 Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
1259 [P — oo [P o !
100 4 1 14.371 BB B8.3315 262.51147 12.17577 3.3585
2 27.460 BB 0.6254 7572.40527 186.60043 96.6495
755
504 Totals : 7834.91675 198.77620 ]
-
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(R)-Phenyl(5-phenyl-2-(m-tolyl)-3-azabicyclo[3.1.1]heptan-1-yl)methanone

According to the general procedure, 2i as obtained as a pale yellow solid in 84% yield
with 97% ee, m.p. 144-147 °C, [0]3 -18.0 (¢ 0.5, CH2CL).

'H NMR (400 MHz, CDCls): § 7.59 — 7.57 (m, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.36 —
7.31 (m, 4H), 7.23 (t,J= 7.4 Hz, 1H), 7.19 (d, /= 7.1 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H),
7.01 — 6.94 (m, 3H), 4.80 (s, 1H), 3.41 (d, J=11.6 Hz, 1H), 3.35 (d, /= 11.6 Hz, 1H),
2.84 (dd, J=9.5, 5.8 Hz, 1H), 2.74 — 2.68 (m, 2H), 2.54 (d, J=9.5 Hz, 1H), 2.44 (brs,
1H), 2.20 (s, 3H).

13C NMR (101 MHz, CDCl3): 3 202.44, 146.27, 141.35, 137.82, 136.69, 132.39,
128.63, 128.53, 128.51, 128.25, 128.21, 128.15, 126.39, 125.17, 124.28, 64.44, 56.86,
54.20,46.54,42.61, 33.13, 21.48.

HRMS (ESI) m/z: [M+H]" calcd. for C26H26NO, 368.2009; found, 368.2008.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8
mL/min, A = 254 nm, tr (major) = 15.0 min, tr (minor) = 16.6 min, ee = 97%.

Chiral HPLC spectrum of (rac)-2i

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...25 2025-10-31 22-33-25\|A-NEW-7030-0.8-40-DMX-1-293-10-RAC.D)

mAU © <
80 | Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
——————————————— e LS
60 1 15.186 BB 8.3490 2269.58462 99.92814 49.9437

2 16.579 BB ©.3784 2275.09937 92.68376 50.0563
40
Totals : 4545.08398 192.6039¢
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Chiral HPLC spectrum of (R)-2i

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...0.8-25 2025-10-31 22-33-25\|A-NEW-7030-0.8-40-DMX-1-293-10.D)

mAU 1 ©
300 Peak RetTime Type Width Area Height Area
2501 #  [min] [min]  [mAU*s] [mAU] %
=z=z]mnonnen |zzemlammnans lemsmmsnand lzzszmpnr=s l=zzmnnes |
200 1 15.026 BB 9.3555 8321.32324 357.57986 98.5766
2 16.622 BB 9.3597 120.15485 5.23556 1.4234
150
Totals : 8441.47810 362.81542
100 8
©
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e
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(R)-(2-(3-Methoxyphenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone
OMe

According to the general procedure, 2j as obtained as a pale yellow solid in 84% yield
with 96% ee, m.p. 145-148 °C, [a]} -14.0 (¢ 0.5, CH2CL).

'H NMR (400 MHz, CDCl3): § 7.62 — 7.60 (m, 2H), 7.45 (t, J= 7.4 Hz, 1H), 7.33 (t,
J=7.6 Hz, 4H), 7.24 —7.20 (m, 1H), 7.18 = 7.16 (m, 2H), 7.08 (t, /= 7.9 Hz, 1H), 6.81
(d, J=17.7 Hz, 1H), 6.73 — 6.67 (m, 2H), 4.84 (s, 1H), 3.63 (s, 3H), 3.40 (d, J=11.7
Hz, 1H), 3.36 (d, /= 11.5 Hz, 1H), 2.81 (dt, /J=9.4, 3.3 Hz, 1H), 2.73 — 2.68 (m, 2H),
2.52 (d, J=9.5 Hz, 1H), 2.45 (brs, 1H).

13C NMR (101 MHz, CDCl3): 3 202.32, 159.41, 146.19, 143.12, 136.55, 132.47,
129.36, 128.66, 128.50, 128.30, 126.40, 125.16, 119.49, 113.50, 112.99, 64.31, 56.73,
55.14, 54.12, 46.27, 42.60, 33.30.

HRMS (ESI) m/z: [M+H]" calcd. for Ca6H26NO2, 384.1958; found, 384.1957.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A =254 nm, tr (major) = 19.1 min, tr (minor) = 26.5 min, ee = 96%.

Chiral HPLC spectrum of (rac)-2j

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX._..-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-293-7-RAC.D)
mAU _E =] .

60 Peak RetTime Type Width Area Height Area z

; #  [min] [min]  [mAU*s] [mAU] % ~
50 i) ki s i it Jeieatiecii B |

El 1 19.089 BB ©.4539 2118.83521 71.47136 50.0083
407; 2 26.415 BB 0.6189 2118.13501 52.70663 49,9917
30

3 Totals : 4236.97021 124.17799
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Chiral HPLC spectrum of (R)-2j
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DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-293-7.D)

mAU =
200 Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
150 mmeelemeeee- [ o J=mmmmneen f-mmmmnees [--nnneee i

1 19.074 BB ©9.4553 6983.90527 235.93864 97.9968
2 26.531 BB 9.6083 142.76086 3.58718 2.0032

100
Totals : 7126.66614 239.52582
50
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(R)-(2-(3-Chlorophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)

26.531

(phenyl)methanone

According to the general procedure, 2k as obtained as a pale yellow solid in 79% yield
with 95% ee, m.p. 124-127 °C, [a]3 +2.0 (c 0.5, CH2Cl).

'H NMR (400 MHz, CDCL3): & 7.59 (d, J = 7.6 Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.36
—7.31 (m, 4H), 7.25 - 7.20 (m, 2H), 7.17 (d, J= 7.3 Hz, 2H), 7.12 - 7.09 (m, 1H), 7.06
—7.00 (m, 2H), 4.81 (s, 1H), 3.41 — 3.34 (m, 2H), 2.80 (dd, /= 9.3, 5.4 Hz, 1H), 2.71
—2.65 (m, 2H), 2.48 (d, J=9.5 Hz, 1H), 2.32 (brs, 1H).

3C NMR (101 MHz, CDCl): & 202.20, 146.04, 143.92, 136.37, 134.13, 132.68,
129.47, 128.65, 128.51, 128.41, 127.87, 127.63, 126.46, 125.63, 125.16, 63.68, 56.58,
53.98, 46.06, 42.53, 33.32.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23CINO, 388.1463; found, 388.1461.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (major) = 14.5 min, tr (minor) = 19.3 min, ee = 95%.

Chiral HPLC spectrum of (rac)-2k

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-31 22-33-25\|A-NEW-7030-0.8-40-DMX-1-293-9-RAC.D)
mAU o ~
~
1004 Peak RetTime Type Width Area Height Area b
#  [min] [min] [mau*s] [mau] % e
g0 B B
1 14.475 BB ©.3169 2420.62817 118.19515 49.7164
60 -1 2 19.172 BB ©.4265 2448.24658 BB.57874 50.2836
40 Totals : 4868.87476 206.77390
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Chiral HPLC spectrum of (R)-2k
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DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-31 22-33-25\|IA-NEW-7030-0.8-40-DMX-1-293-9.D)

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
R P [ E— [nmmmmrns f-zmnnznns —— [
1 14.487 BB 0.3150 4823.31519 196.36911 97.7359

2 19.270 BB 0.4227  93.20390 3.41206  2.2641

Totals : 4116.51909 199.78117
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(R)-(2-(3-Bromophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

According to the general procedure, 21 as obtained as a pale yellow solid in 79% yield
with 96% ee, m.p. 125-128 °C, [a]% +8.0 (c 0.5, CH2Cl).

H NMR (400 MHz, CDCL): & 7.60 — 7.58 (m, 2H), 7.50 — 7.45 (m, 1H), 7.41 (t, J =
1.7 Hz, 1H), 7.37 — 7.31 (m, 4H), 7.27 — 7.20 (m, 2H), 7.18 — 7.16 (m, 2H), 7.07 (d, J
=7.8 Hz, 1H), 6.99 (t, J= 7.8 Hz, 1H), 4.80 (s, 1H), 3.41 — 3.35 (m, 2H), 2.80 (dd, J =
9.5,6.0 Hz, 1H), 2.72 — 2.66 (m, 2H), 2.49 (d, J = 9.5 Hz, 1H), 2.32 (brs, 1H).

3C NMR (101 MHz, CDCl): & 202.20, 146.02, 144.13, 136.39, 132.70, 130.84,
130.57, 129.79, 128.65, 128.53, 128.43, 126.49, 126.09, 125.18, 122.42, 63.65, 56.55,
54.00, 46.09, 42.52, 33.30.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23BrNO, 432.0958; found, 432.0956.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (major) = 15.1 min, tr (minor) = 21.6 min, ee = 96%.

Chiral HPLC spectrum of (rac)-21

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-30 2025-10-20 13-16-53\IA-NEW-7030-0.8-40-DMX-1-293-6-RAC.D)
mAU o
60
Peak RetTime Type Width Area Height Area
50 #  [min] [min]  [mAU*s] [mAU] %
40 e o e Jossmareey |zmmsmomoen [Eomeomes |
1 15.132 BB ©.3212 1414.14160 67.83435 49.1483
304 2 21.496 BB ©.4751 1463.1543@ 47.53502 50.8517
20 Totals : 2877.29596 115.36937
104
0
— T
25 5 7.5 10

Chiral HPLC spectrum of (R)-21

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-30 2025-10-20 13-16-53\IA-NEW-7030-0.8-40-DMX-1-293-6.D)

mAU <
200‘2 Peak RetTime Type Width Area Height Area
1754 # [min] [min]  [mAU*s] [mau] %
1503 e e e L e e e b
125_% 1 15.134 BB ©.3332 4768.88086 221.51870 97.7512
100 E| 2 21.592 BB @.4745 109.71050 3.51120  2.2488
75% Totals : 4878.59136 225.82190
503 8
E ]
254 -
E o~
03 5 T : —
——— T T — T T — — — r — —
25 5 7.5 10 12.5 16 17.5 20 225 mi
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(R)-(2-(2-Fluorophenyl)-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

F

H
N \“@

0]

O

2m

According to the general procedure, 2m as obtained as a pale yellow solid in 68% yield
with 22% ee, m.p. 172-175 °C, [a]} -30.0 (¢ 0.5, CH2CL).

'"H NMR (400 MHz, CDCl3): § 7.66 — 7.64 (m, 2H), 7.53 — 7.48 (m, 1H), 7.47 — 7.43
(m, 1H), 7.35-7.31 (m, 4H), 7.24 — 7.20 (m, 1H), 7.19 - 7.17 (m, 2H), 7.15 — 7.09 (m,
1H), 7.08 — 7.04 (m, 1H), 6.76 (ddd, J=10.4, 8.1, 1.1 Hz, 1H), 5.16 (s, 1H), 3.40 (d, J
=11.9 Hz, 1H), 3.34 (d, J = 11.9 Hz, 1H), 2.85 (dd, J= 9.3, 5.7 Hz, 1H), 2.77 — 2.71
(m, 2H), 2.57 (d, /= 9.6 Hz, 1H), 2.42 (brs, 1H).

13C NMR (101 MHz, CDCl3): 6 201.80, 160.15 (d, J = 246.6 Hz), 146.12, 136.15,
132.59, 129.35 (d, J = 8.6 Hz), 128.95 (d, J = 4.2 Hz), 128.54 (d, /= 4.3 Hz), 128.29,
128.32 (d, J=13.3 Hz), 126.47, 125.15, 124.29 (d, /= 3.4 Hz), 115.50, 115.27, 57.67
(d,J=2.4 Hz), 56.87, 53.85, 46.61, 42.64, 33.45.

YF NMR (376 MHz, CDCl3): 5 -116.00.

HRMS (ESI) m/z: [M+H]" calcd. for CosH23FNO, 372.1758; found, 372.1757.

HPLC analysis: DAICEL CHIRALPAK IG, n-hexane/isopropanol = 70/30, 0.8
mL/min, A = 254 nm, tg (minor) = 16.5 min, tg (major) = 21.5 min, ee = 22%.

Chiral HPLC spectrum of (rac)-2m

DADI A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...25 203-11-06 09-39-49\T-I1G-1-7030-0. 8-20-DMX-1-293-14-RX.D)
)

mAU 1 =
] Type Width Area eight Area =
1 = [ad A [mAU] ]
30 4 s I, L g .
| 25 BB 0 176 43, 20
1 : 70 B 17 35
otals 78. 7690

20

370

10 4

0

2.5 5 7.5 10 12.5 15 17.5 20 22.5 mi

Chiral HPLC spectrum of (R)-2m
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DADI A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...1.0-252025-11-06 09-39-49\T-IG-1-7030-0. 8-20-DMX-1-293-4. D)

fi. 60884 38.8075
9.00706 61.1925

L L e e e L A e e o A B B B e B e e e N S RN s S
2.9 5 7.5 10 12.5 15 17.5 20 22.5 mi

(R)-Phenyl(5-phenyl-2-(thiophen-2-yl)-3-azabicyclo[3.1.1]heptan-1-yl)

methanone

According to the general procedure, 2n as obtained as a pale yellow solid in 81% yield
with 95% ee, m.p. 173-176 °C, [a]} -24.0 (¢ 0.5, CH2Cly).

'H NMR (400 MHz, CDCl3): 3 7.62 — 7.60 (m, 2H), 7.49 — 7.45 (m, 1H), 7.37 — 7.31
(m, 4H), 7.24 — 7.20 (m, 1H), 7.18 — 7.15 (m, 2H), 7.12 (dd, J = 5.0, 3.0 Hz, 1H), 7.04
—7.03 (m, 1H), 6.90 (dd, /= 5.0, 1.2 Hz, 1H), 4.96 (s, 1H), 3.36 (d, /= 11.6 Hz, 1H),
3.30(d,J=11.7 Hz, 1H), 2.75 (dd, J=9.3, 5.8 Hz, 1H), 6 2.70 — 2.65 (m, 2H), 2.53 (d,
J=9.4Hz, 1H), 2.36 (brs, 1H).

3C NMR (101 MHz, CDCl3): & 202.52, 146.18, 142.53, 136.46, 132.54, 128.53,
128.38, 126.50, 126.42, 125.80, 125.16, 122.27, 60.22, 56.56, 53.82, 45.87, 42.72,
33.24.

HRMS (ESI) m/z: [M+H]" calcd. for C23H22NOS, 360.1417; found, 360.1414.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (minor) = 15.0 min, tg (major) = 23.7 min, ee = 95%.

Chiral HPLC spectrum of (rac)-2n

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-17 16-58-05\IA-NEW -7030-0.8-40-DMX-1-293-5-RAC.D)
mAU o
30 =
Peak RetTime Type Width Area Height Area 2
254 #  [min] [min]  [mAU*s] [mauU] % 2
S B S Jessasanss [imemseamion froestsee |
20 1 15.021 BB ©.3452 773.89499 34.30029 50.8928
15 2 23.731 BB ©.5372 771.65334 22.08911 49.9080
10 Totals : 1544.94824  56.38940
5 -
0+ T
T T T T T T T T T
5 10 15 20 25 min|

Chiral HPLC spectrum of (R)-2n
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3
g ¢

PRV B ISP B P

@
(=]

20

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
1 15.847 BB 8.3722 93.48842 3.78066 2.4999
2 23.686 BB 9.5386 3643.08789 104.01555 97.5801

Totals : 3736.49632 187.79621

15.047

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX._..-0.8-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-293-5.D)

min|
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(R)-(2-phenethyl-5-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)(phenyl)methanone

According to the general procedure, 20 as obtained as a white solid in 76% yield with
93% ee, m.p. 152-155 °C, [a]D -32.0 (¢ 0.5, CH2CL).

H NMR (400 MHz, CDCls): 5 7.91 — 7.83 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.43 (t,
J=1.7Hz, 2H), 7.31 (t,J="7.5 Hz, 2H), 7.24 — 7.09 (m, 6H), 7.00 (d, /= 6.8 Hz, 2H),
3.71 (dd, J=9.7, 2.8 Hz, 1H), 3.26 (d, J = 12.4 Hz, 1H), 3.17 (dd, J = 12.3, 1.7 Hz,
1H), 2.86 — 2.79 (m, 2H), 2.66 — 2.43 (m, 5H), 1.79 — 1.70 (m, 1H), 1.64 — 1.55 (m,
1H).

13C NMR (101 MHz, CDCl3): § 202.32, 146.04, 141.39, 135.77, 133.01, 128.77,
128.72, 128.51, 128.36, 128.31, 126.35, 125.86, 125.06, 59.16, 56.50, 53.44, 45.99,
42.89, 34.14, 32.94, 32.37.

HRMS (ESI) m/z: [M+H]" calcd. for C27H2sNO, 382.2171; found, 382.2165.

HPLC analysis: DAICEL CHIRALPAK ID, n-hexane/isopropanol = 70/30, 1.0

mL/min, A = 254 nm, tr (major) = 7.2 min, tr (minor) = 8.9 min, ee = 93%.

Chiral HPLC spectrum of (rac)-20

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\...0-1.0 2026-07-11 15-27-11\7030-1.0-30-ID-NEW-DMX-1-390-RAC.D)
mAU - b
i g
124 Peak RetTime Type Width Area Height Area i =
I ©
104 #  [min] [min]  [mAU*s] [mAU] % (1
B P s e P J-emmnnen | |
8 1 7.174 BB 09.2329 219.7155@ 13.71682 50.0874 |‘ ‘I Ik
6 2 8.824 BB @.3100 218.94855 10.38498 49.9126 11 { "
E [ | |
4 3 Totals : 438.66405  24.10181 ‘l “‘ "‘
i [ A
24 It % / \
A / \,‘77 i S
03— — N\ — - —tL —_—
T T T T T T T T T T T r T T T T T T T v T
2 4 6 8 10 12 miny

Chiral HPLC spectrum of (R)-20

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHemSZ\....f:) 2026-07-11 15-27-11\7030-1.0-30-ID-NEW-DMX-1-390-CHRIAL D)

mAU §
i
150 Peak RetTime Type Width  Area Height  Area [
125 - #  [min] [min] [mAU*s] [mAU] % [ 1
e e Srias |srmmmmsana |mmmmimmmnns |mmmemn | ||
1005 1 7.164 BB ©.2015 2465.81519 184.99850 96.2501 I
753 2 8.871 BB  ©.2967 96.06785  4.77543  3.7499 ‘ \
50 Totals : 2561.88303 189.77393 " |
25 @
i «©
0 e - e T S
: : : - . - ; : - : . : ; ; :
2 4 6 8 10 12 min|
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(R)-(5-(4-(tert-Butyl)phenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-
yD)(phenyl)methanone

According to the general procedure, 2p as obtained as a pale yellow solid in 93% yield
with 95% ee, m.p. 189-192 °C, [a]} -24.0 (¢ 0.5, CH.CL).

'H NMR (400 MHz, CDCL3): § 7.57 (d, J = 7.5 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.37
(d, J=8.2Hz, 2H), 7.32 (t,J = 7.6 Hz, 2H), 7.23 — 7.12 (m, 7H), 4.86 (s, 1H), 3.42 (d,
J=11.6 Hz, 1H), 3.38 (d, J=11.6 Hz, 1H), 2.84 (dd, J=9.3, 6.4 Hz, 1H), 2.74 — 2.68
(m, 2H), 2.55 — 2.53 (m, 2H), 1.33 (s, 9H).

3C NMR (101 MHz, CDCl): & 202.57, 149.20, 143.12, 141.54, 136.57, 132.40,
128.59, 128.31, 128.26, 127.77, 127.36, 125.38, 124.87, 64.42, 56.77, 54.20, 46.54,
42.18, 34.53, 33.30, 31.47.

HRMS (ESI) m/z: [M+H]" caled. for C20H32NO, 410.2478; found, 410.2477.

HPLC analysis: DAICEL CHIRALPAK IG, n-hexane/isopropanol = 75/25, 0.8

mL/min, A = 254 nm, tg (minor) = 14.5 min, tg (major) = 16.4 min, ee = 95%.

Chiral HPLC spectrum of (rac)-2p

DAD1 A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-40 2B5-11-03 16-04-37\T-1G-1-7525-0. 8-40-DMX-1-294-4-RX.D)
mAU & g
Peak RetTime Type Width Are: Height :
15 = [min] [min] [mAU®s] mAll % i
I
] I 14.348 BR  0.6975 934.51636  20.28505 49.6263
10 4 2 16.403 B 0.7634 948.59210  18.463T7 50.3737
54 Totals : 1883, 10846 38. 74882
04
T T T T T T T
2.5 5 10 12.5 i 17 20 mi

Chiral HPLC spectrum of (R)-2p

DAD1 A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-0.86t2025-11-03 16-04-37\T-1G-1-7525-0. 8-40-DMX-1-29:

3.D)

mAU

Peak RetTime Type Width Area Height Area
80 Fplitiily, ~ o fuin]  [nAChell, o JO0WUL 3
5 1 14.533 BB 0.6056 135.31049 3.11017 2. 5689
60 2 16.371 BB 0.7088 5132,04492 107.53405 97.4311
40 Totals : 5267. 35541 110. 64422
20
0
T T T T T
2.5 5 7.5 10 12.5
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(R)-(5-(|1,1'-Biphenyl]-4-yl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-
yD)(phenyl)methanone

According to the general procedure, 2q as obtained as a white solid in 91% yield with

90% ee, m.p. 170-172 °C, [o]% -38.0 (¢ 0.5, CH,Cl).

'H NMR (400 MHz, CDCL3): § 7.59 — 7.55 (m, 6H), 7.47 — 7.42 (m, 3H), 7.36 — 7.30
(m, 3H), 7.27 — 7.25 (m, 2H), 7.22 — 7.15 (m, SH), 4.87 (s, 1H), 5 3.46 (d, J= 11.6 Hz,
1H), 3.41 (d, J= 11.6 Hz, 1H), 2.87 (dd, J= 9.5, 5.6 Hz, 1H), 2.77 — 2.71 (m, 2H), 2.56

(d, J=9.5Hz, 1H), 2.22 (brs, 1H).

BC NMR (101 MHz, CDCl3): § 202.46, 145.26, 141.47, 140.98, 139.44, 136.53,
132.52, 128.88, 128.66, 128.37, 128.33, 127.87, 127.39, 127.31, 127.17, 125.68, 64.44,

56.76, 54.20, 46.58, 42.41, 33.33.

HRMS (ESI) m/z: [M+H]" caled. for C31HasNO, 430.2165; found, 430.2165.

HPLC analysis: DAICEL CHIRALPAK OD-H, n-hexane/isopropanol = 85/15, 0.8

mL/min, A = 254 nm, tg (minor) = 14.7 min, tg (major) = 17.2 min, ee = 90%.

Chiral HPLC spectrum of (rac)-2q

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\.. H-1 2026-04-30 15-42-19\T-ODH-2-8515-0.8-35-DMX-2-43-4-RAC.D)
mAU § 8
1 Peak RetTime Type Width Area Height Area i} :
a0 ] #  [min] [min]  [mAU*s] [mAU] % "ﬁ". ;‘”ﬁ\
] S s [mmrs|mmmmmme [mmmmrnmene [mmmmmmnnan [mmimmmmon | | [ A
60 -1 1 14.496 BB ©.6939 4821.76855 183.88659 50.0047 [ A |\
2 17.335 BB ©.8539 4820.86816 84.21478 49.9953 [\ |
40— | “". \
] Totals : 9642.63672 188.02136 | | \
20 | \ / \\\
0- - =1 S
T T T T T T T T
25 5 7.5 10 125 15 175 20 min
Chiral HPLC spectrum of (R)-2q
DAD1 A, Sig=254 4 Ref=360,100 (D:\Chem32\... 5-ODH-1 2026-04-30 15-42-19\T-ODH-2-8515-0.8-35-DMX-2-43-4.D)
wn
13
Peak RetTime Type Width Area Height Area flaci
# [min] [min]  [mAU*s] [mAU] % fid
weeefseee o |- | -ome e [---mmee | o
1 14.687 BB  0.6921 674.80079 14.72187 5.8066 |
2 17.225 BB ©.8547 1.27883e4  224.44783 94.9934 |
i
~ | \
Totals : 1.34623e4  239.16970 2 |
<
o] e
e L e — — 41_/ e — - S~ —
T T T T T T
25 5 75 10 12.5 15 175 20 min|
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(R)-(5-(4-Fluorophenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

.\\\O

0]

O

H
N

2r

According to the general procedure, 2r as obtained as a pale yellow solid in 79% yield
with 92% ee, m.p. 149-152 °C, [a]} -18.0 (¢ 0.5, CH2CL).

H NMR (400 MHz, CDCL3): & 7.57 — 7.55 (m, 2H), 7.47 — 7.42 (m, 1H), 7.31 (t, J =
7.6 Hz, 2H), 7.20 — 7.11 (m, 7H), 7.03 — 6.97 (m, 2H), 4.84 (s, 1H), 3.38 (d, J=11.5
Hz, 1H), 3.33 (d, J=11.4 Hz, 1H), 2.86 —2.79 (m, 1H), 2.71 — 2.66 (m, 2H), 2.48 (d,
J=9.5Hz, 1H), 2.36 (brs, 1H).

3C NMR (101 MHz, CDCl): § 202.33, 161.52 (d, J = 244.5 Hz), 142.03 (d, J = 3.1
Hz), 141.47,136.44, 132.54, 128.65, 128.34 (d, J = 2.7 Hz), 127.86, 127.34, 126.75 (d,
J=8.0 Hz), 115.43, 115.22, 64.35, 56.85, 54.08, 46.53, 42.09, 33.30.

F NMR (376 MHz, CDCI3): & -116.56.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23FNO, 372.1758; found, 372.1757.

HPLC analysis: DAICEL CHIRALPAK IG, n-hexane/isopropanol = 75/25, 0.8

mL/min, A = 254 nm, tr (minor) = 17.4 min, tr (major) = 19.7 min, ee = 92%.

Chiral HPLC spectrum of (rac)-2r

DAD1 A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-40 2P5-11-03 16-04-37\T-IG-1-7525-0. 8-40-DMX-1-294-6-R/C. D)
| W =]
mAU &
30 4 Peak RetTime Type Width Ares Height Area 9
i % [min] [min]  [mAU#s [mAU] %
254 |
20 3 1 17.345 BB 0.6104 1434, 46631  34.69272 49.9841
219,809 BB 0.6907 1434, 80774  30.61835 50,0059
154
Totals : 2869. 27405 65.31107
10 4
5
03
T T T T T T
2.5 5 7.5 10 12.5

Chiral HPLC spectrum of (R)-2r

DADL A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-0.8€12025-11-03 16-04-37\T-1G-1-7525-0. 8-40-DMX-1-2946. D)
mAU 3
150 3 Peak RetTime Type Width Area Height Area
125 3 & [minl [min]  [mAUss] [mAU] %
E |
100 4 1 17.386 BB 0. 60 76337 8.15226  3.9575
75 3 2 19,670 BB  0,6545 8002.86914 180.76579 96,0425
503 Totals : 8332.63251 188, 91806
25
04
T T T T T T
28 5 7.5 10 12.5 15
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(R)-(5-(4-Bromophenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)
(phenyl)methanone

H
N n\@

0]

O

Br
2s

According to the general procedure, 2s as obtained as a pale yellow solid in 87% yield
with 92% ee, m.p. 192-195 °C, [a]} -26.0 (¢ 0.5, CH2Cl).

TH NMR (400 MHz, CDCl3): 6 7.56 (d, J= 7.6 Hz, 2H), 7.44 (d, /= 8.2 Hz, 3H), 7.31
(t,J=7.7Hz, 2H), 7.19 — 7.13 (m, 5H), 7.04 (d, J = 8.3 Hz, 2H), 4.83 (s, 1H), 3.37 (d,
J=11.4 Hz, 1H), 3.31 (d, J=11.4 Hz, 1H), 2.82 (dd, /= 9.3, 5.5 Hz, 1H), 2.70 — 2.65
(m, 2H), 2.47 (d, J= 9.5 Hz, 1H), 2.36 (brs, 1H).

3C NMR (101 MHz, CDCl): & 202.20, 145.21, 141.37, 136.37, 132.57, 131.60,
128.64, 128.35, 128.33, 127.87, 127.32, 127.04, 120.27, 64.32, 56.57, 54.05, 46.34,
42.27,33.15.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH23BrNO, 432.0958; found, 432.0958.
HPLC analysis: DAICEL CHIRALPAK IG, n-hexane/isopropanol = 75/25, 0.8

mL/min, A = 254 nm, tg (minor) = 20.4 min, tg (major) = 22.1 min, ee = 92%.

Chiral HPLC spectrum of (rac)-2s

DAD1 A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-40 2B5-11-03 16-04-37\T-1G-1-7525-0, 8-40-DMX-1-294-3-RX. D)

Signal 1: DAD1 A, Sig=254,4 Ref=360, 100

5 Peak RetTime Type Width Area Height Area
30 #  [min) [min] [mATI*s] [mAU] E
| : s e
20 1 20.614 BB 0.6343 1754, 54883  42.43851 49,9833
2 22.467 BB 0.7101 1755.71790  38.34777 50.0167

3510. 26672 80. 78629

Chiral HPLC spectrum of (R)-2s

DADL A, Sig=254, 4 Ref=360, 100 (D:\CHEM32\...-0.8612025-11-03 16-04-37\T-1G-1-7525-0. 8-40-DMX-1-2944. D)

mAU
Feak RetTime Type Width Arca Height Arca
40 3 #  [min] [min]  [mAU*s] [mau] )
|
30 1 20.379 BB 0.4870 122, 76675 3.04091  4.2495
' 2 22,071 BB 0.7660 2766. 21338  53.61099 95,7505
20 . y .
Totals : 2B88. 98013 56. 65190
104
0
T T T T -
5 10 15 20 25 mi
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(R)-Phenyl(2-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)methanone

H
N \\\O

)

2t

According to the general procedure, 2t as obtained as a white solid in 68% yield with
73% ee, m.p. 84-87 °C, [a] +30.0 (¢ 0.5, CH.Cly).

'"H NMR (400 MHz, CDCl3): § 7.56 (dd, J = 8.3, 1.2 Hz, 2H), 7.47 — 7.41 (m, 1H),
7.31(t,J=7.7Hz, 2H), 7.18 — 7.10 (m, 5H), 4.80 (s, 1H), 3.46 —3.39 (m, 1H), 3.34 (d,
J=11.3 Hz, 1H), 2.70 — 2.62 (m, 1H), 2.44 — 2.38 (m, 4H), 2.28 — 2.20 (m, 1H).

3C NMR (101 MHz, CDCl3):  202.86, 141.75, 136.53, 132.28, 128.59, 128.16,
128.16, 127.62, 127.26, 65.25, 57.77, 49.38, 42.94, 30.09, 28.83.

HRMS (ESI) m/z: [M+H]" calcd. for Ci19H20NO, 278.1545; found, 278.1537.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8
mL/min, A = 254 nm, tr (minor) = 8.2 min, tr (major) = 10.0 min, ee = 73%.

Chiral HPLC spectrum of (rac)-2t

"DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\...W-0.8-25 2026-07-11 15-04-03\[A-NEW-7030-0.8-DMX-1-394-RAC.D)

mAU 1 - 2
] ?2 <
o
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| # [min] [min]  [mAU*s] [mau] % | |
|
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] | | | \
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] " I I W
03— ——— S e _ —_— ) — I |
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10 12 mi

Chiral HPLC spectrum of (R)-2t

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\...A-NEW-0.8-25 2026-07-11 15-04-03\IA-NEW-7030-0.8-DMX-1-394.D)

mAU é
140 - Peak RetTime Type Width Area Height Area ,Ei,
120 # [min] [min] [mAU*s] [mau] % |
1004 ] Jomes] et |esemeeszas [z [22smms |
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60 ‘
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40 5 [
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0 4 . R e PP e R | ),. :\.,7 S / % —
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(R)-(2,5-Diphenyl-3-azabicyclo[3.1.1]heptan-1-yl)(thiophen-2-yl)methanone

H
N LC
@%ﬁo

2u

According to the general procedure, 2u as obtained as a white solid in 86% yield with
93% ee, m.p. 176-179 °C, [a]D -42.0 (¢ 0.5, CH2CL).

TH NMR (400 MHz, CDCl5): 6 7.51 (dd, J=4.9, 0.8 Hz, 1H), 7.47 (d, J= 3.6 Hz, 1H),
7.32 (t,J="1.5Hz, 2H), 7.29 — 7.21 (m, 3H), 7.20 — 7.13 (m, 5H), 7.00 (dd, J=4.8, 4.0
Hz, 1H), 4.83 (s, 1H), 3.40 (d, /= 11.6 Hz, 1H), 3.35 (dd, J=11.4, 1.3 Hz, 1H), 2.83
(dd, J=9.4,7.0 Hz, 1H), 2.68 (dd, J= 8.8, 1.3 Hz, 1H), 2.65 — 2.59 (m, 1H), 2.48 (d, J
=9.5 Hz, 1H), 2.18 (brs, 1H).

13C NMR (101 MHz, CDCl3): § 194.77, 146.14, 142.76, 141.37, 133.25, 132.20,
128.53, 128.34, 127.88, 127.85, 127.31, 126.45, 125.19, 64.87, 56.81, 54.02, 45.90,
42.61, 33.12.

HRMS (ESI) m/z: [M+H]" calcd. for C23H22NOS, 360.1422; found, 360.1415.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 70/30, 1.0

mL/min, A = 254 nm, tr (minor) = 7.4 min, tr (major) = 9.3 min, ee = 93%.

Chiral HPLC spectrum of (rac)-2u

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\...0-1.0 2026-07-11 11-31-26\7030-1.0-30-IC-NEW-DMX-1-391-RAC.D)
AU o
g & ©
704 Peak RetTime Type Width Area Height Area ‘ﬁ o
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I B L EEREE Eis Pl Dot | | \
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k| i 1
304 | I‘ [
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E |
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Chiral HPLC spectrum of (R)-2u

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\....0 2026-07-11 11-31-26\7030-1.0-30-IC-NEW-DMX-1-391-CHRIAL.D)

mAU ﬁ
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E [
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(R)-1-(2,5-Diphenyl-3-azabicyclo[3.1.1]heptan-1-yl)ethan-1-one

H
N u‘@

0]
Kr\\'ﬂe
2v

According to the general procedure, 2v as obtained as a white solid in 67% yield with
95% ee, m.p. 112-114 °C, [a]} -38.0 (¢ 0.5, CH2Cly).
'TH NMR (400 MHz, CDCl3): § 7.45 — 7.40 (m, 2H), 7.38 — 7.33 (m, 4H), 7.32 - 7.21
(m, 2H), 7.19 — 7.14 (m, 2H), 4.56 (s, 1H), 3.33 (d, /= 11.7 Hz, 1H), 3.26 (dd, J=11.5,
1.8 Hz, 1H), 2.70 (dd, J=9.4, 7.3 Hz, 1H), 2.44 (dd, /= 8.7, 1.8 Hz, 1H), 2.39 (d, J =
9.4 Hz, 1H), 2.33 (dd, /= 8.5, 7.4 Hz, 1H), 2.26 (brs, 1H), 1.74 (s, 3H).
3C NMR (101 MHz, CDCl): & 209.96, 146.17, 141.64, 128.78, 128.51, 128.14,
127.30, 126.42, 125.13, 63.41, 56.78, 54.39, 45.19, 41.55, 31.13, 26.23.
HRMS (ESI) m/z: [M+H]" calcd. for C20H22NO, 292.1701; found, 292.1693.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 70/30, 1.0

mL/min, A =230 nm, tr (minor) = 7.3 min, tr (major) = 9.2 min, ee = 95%.

Chiral HPLC spectrum of (rac)-2v

DAD1 D, Sig=230,4 Ref=360,100 (D:\Chem32\...0-1.0 2026-07-11 11-31-26\7030-1.0-30-IC-NEW-DMX-1-389-RAC.D)
mAU j ﬁ 9
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1004 B e o J=mnen | ( i
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Chiral HPLC spectrum of (R)-2v
DAD1 D, Sig=230,4 Ref=360,100 (D:\Chem32\....0 2026-07-11 11-31-26\7030-1.0-30-IC-NEW-DMX-1-389-CHRIAL.D)
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(R)-(2-Phenyl-5-(p-tolyl)-3-azabicyclo[3.1.1]heptan-1-yl)(p-tolyl)methanone

H
N C
@%«O
Me

2w

According to the general procedure, 2w as obtained as a pale yellow solid in 93% yield
with 93% ee, m.p. 142-146 °C, [0]3 -22.0 (¢ 0.5, CH.CL).

TH NMR (400 MHz, CDCl3): § 7.53 (d, J = 8.2 Hz, 2H), 7.23 — 7.19 (m, 2H), 7.18 —
7.12 (m, 7H), 7.09 — 7.06 (m, 2H), 4.87 (s, 1H), 3.40 (d, J=11.5 Hz, 1H), 3.35 (d, J =
11.6 Hz, 1H), 2.80 (dd, /= 9.5, 5.9 Hz, 1H), 2.72 — 2.66 (m, 3H), 2.49 (d, J = 9.6 Hz,
1H), 2.36 (s, 3H), 2.34 (s, 3H).

3C NMR (101 MHz, CDCl): & 201.97, 143.27, 143.19, 141.52, 135.90, 133.84,
129.16, 129.00, 128.83, 128.27, 127.73, 127.34, 125.07, 64.38, 56.83, 54.11, 46.39,
42.21,33.41,21.70, 21.15.

HRMS (ESI) m/z: [M+H]" caled. for C27H2sNO, 382.2165; found, 382.2163.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (minor) = 13.2 min, tr (major) = 19.2 min, ee = 93%.

Chiral HPLC spectrum of (rac)-2w

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-30 2025-11-28 11-15-02\|A-NEW-7030-0.8-40-DMX-1-294-8-Rac.D)
mAU 3
- | @
80 5 i -
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50 S s || i = | EeeEaE e [ | ‘ | x
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Chiral HPLC spectrum of (R)-2w
DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX... 2025-11-28 11-15-02\IA-NEW -7030-0.8-40-DMX-1-294-8-Chiral.D)
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(R)-(4-Fluorophenyl)(5-(4-fluorophenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-

yD)methanone

H
N
@%ﬁo
F

2x

According to the general procedure, 2x as obtained as a pale yellow solid in 81% yield
with 92% ee, m.p. 173-176 °C, [0} -12.0 (¢ 0.5, CH2CL).

'TH NMR (400 MHz, CDCl3): & 7.60 — 7.55 (m, 2H), 7.20 — 7.17 (m, 2H), 7.16 — 7.09
(m, 5H), 7.03 — 6.94 (m, 4H), 4.79 (s, 1H), 3.38 (d, /= 11.5 Hz, 1H), 3.32 (d,J=11.5
Hz, 1H), 2.85 (dd, J=9.5, 6.0 Hz, 1H), 2.68 — 2.62 (m, 2H), 2.45 (d, J= 9.5 Hz, 1H),
2.34 (brs, 1H).

BC NMR (101 MHz, CDCl;): 6 200.82, 165.21 (d, J=254.5 Hz), 161.54 (d, J = 244.6
Hz), 141.89 (d, J = 3.1 Hz), 141.33, 132.74 (d, J = 3.0 Hz), 131.28 (d, J = 9.2 Hz),
128.40, 127.99, 127.31, 126.74 (d, J = 8.0 Hz), 115.50 (d, J = 8.4 Hz), 115.28 (d, J =
8.0 Hz), 64.50, 56.76, 53.94, 46.55, 42.00, 33.38.

F NMR (376 MHz, CDCl3): 6 -105.62, -116.46.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH22F2NO, 390.1664; found, 390.1663.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tr (minor) = 12.3 min, tr (major) = 14.7 min, ee = 92%.

Chiral HPLC spectrum of (rac)-2x

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-17 16-58-05\|A-NEW-7030-0.8-40-DMX-1-294-1-RAC.D)
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Chiral HPLC spectrum of (R)-2x
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DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-17 16-58-05\|A-NEW-7030-0.8-40-DMX-1-294-1.D)
mAU 3 ©®
2004
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i IR R [ P [Rs—— Jmmmmenns fmernee [
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(R)-(4-Chlorophenyl)(5-(4-chlorophenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-
yD)methanone

H
N n“@
@%ﬁo
Cl

2y

According to the general procedure, 2y as obtained as a pale yellow solid in 92% yield
with 91% ee, m.p. 174-176 °C, [a]5 -6.0 (¢ 0.5, CH.CL).

'H NMR (400 MHz, CDCl3): § 7.45 — 7.42 (m, 2H), 7.28 — 7.22 (m, 4H), 7.15 - 7.10
(m, 5H), 7.06 — 7.03 (m, 2H), 4.76 (s, 1H), 6 3.34 (d,/J=11.4 Hz, 1H), 3.27 (d,J=11.4
Hz, 1H), 2.80 (dt, J=9.4, 3.2 Hz, 1H), 2.63 — 2.58 (m, 3H), 2.41 (d, /= 9.6 Hz, 1H).
13C NMR (101 MHz, CDCl3): 3 201.02, 144.41, 140.95, 139.00, 134.60, 132.38,
130.07, 128.74, 128.69, 128.52, 128.15, 127.33, 126.66, 64.31, 56.39, 53.95, 46.42,
42.13, 33.22.

HRMS (ESI) m/z: [M+H]" calcd. for C2sH22CI:NO, 422.1073; found, 422.1074.
HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A =254 nm, tr (minor) = 14.9 min, tr (major) = 17.0 min, ee = 91%.

Chiral HPLC spectrum of (rac)-2y

, Sig=254,4 Ref=360, en -10- -58- 5 z -0.8-40-] -1-204-2] ]
DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-294-2-RAC.D
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Chiral HPLC spectrum of (R)-2y
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DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-17 16-58-05\IA-NEW-7030-0.8-40-DMX-1-294-2.D)

mAU
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(R)-(3-Methoxyphenyl)(5-(3-methoxyphenyl)-2-phenyl-3-azabicyclo
[3.1.1]heptan-1-yl)methanone

H
N \\\O
Meo@%ﬁo

2z

According to the general procedure, 2z as obtained as a pale yellow solid in 85% yield
with 93% ee, m.p. 96-99 °C, [a]} -30.0 (c 0.5, CH,CL).

'TH NMR (400 MHz, CDCl3): § 7.25 — 7.23 (m, 1H), 7.22 — 7.13 (m, 7H), 7.01 — 6.97
(m, 2H), 6.76 (dd, J=17.9, 2.1 Hz, 2H), 6.71 — 6.68 (m, 1H), 4.83 (s, 1H), 3.80 (s, 3H),
3.73 (s, 3H), 6 3.39 (d, /= 11.6 Hz, 1H), 3.34 (d, /= 11.6 Hz, 1H), 2.80 (dd, J = 9.5,
6.0 Hz, 1H), 2.70 — 2.64 (m, 2H), 2.49 (d, J = 9.5 Hz, 1H), 2.39 (brs, 1H).

3C NMR (101 MHz, CDCl): & 202.32, 159.74, 159.47, 147.90, 141.54, 137.81,
129.57, 129.22, 128.32, 127.78, 127.36, 121.09, 119.00, 117.52, 112.91, 111.52,
111.15,64.41, 56.72, 55.40, 55.28, 54.12, 46.51, 42.59, 33.25.

HRMS (ESI) m/z: [M+H]" caled. for C27H2sNOs, 414.2064; found, 414.2062.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 254 nm, tg (minor) = 16.4 min, tg (major) = 21.9 min, ee = 93%.

Chiral HPLC spectrum of (rac)-2z

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-25 2025-10-31 22-33-25\|A-NEW-7030-0.8-40-DMX-1-294-9-RAC D)
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Chiral HPLC spectrum of (R)-2z
DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...-0.8-25 2025-10-31 22-33-25\IA-NEW-7030-0.8-40-DMX-1-294-9.D)
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(R)-(5-(4-Bromophenyl)-2-phenyl-3-azabicyclo[3.1.1]heptan-1-yl)(3,5-
dimethylphenyl)methanone

H
N
@%{O
Br

2aa

According to the general procedure, 2aa as obtained as a pale yellow solid in 86% yield
with 86% ee, m.p. 225-228 °C, [a]} -26.0 (¢ 0.5, CH2CL).

TH NMR (400 MHz, CDCl3): 6 7.43 (d, J= 8.3 Hz, 2H), 7.22 — 7.15 (m, 5H), 7.12 (s,
2H), 7.08 — 7.03 (m, 3H), 4.84 (s, 1H), 3.37 (d, /= 11.4 Hz, 1H), 3.33 (d, J=11.9 Hz,
1H), 2.77 (dd, J=9.4, 7.2 Hz, 1H), 2.70 — 2.66 (m, 1H), 2.62 (d, J= 8.8 Hz, 1H), 2.42
(d,J=9.5Hz, 1H), 2.29 — 2.27 (m, 7H).

3C NMR (101 MHz, CDCl): & 202.81, 145.29, 141.63, 137.85, 136.45, 134.21,
131.58, 128.29, 127.80, 127.38, 127.09, 126.42, 120.24, 64.20, 56.60, 54.08, 46.03,
42.24,33.47,21.34.

HRMS (ESI) m/z: [M+H]" caled. for C27H27BrNO, 460.1271; found, 460.1268.
HPLC analysis: DAICEL CHIRALPAK IG, n-hexane/isopropanol = 75/25, 0.8

mL/min, A = 254 nm, tg (minor) = 14.5 min, tr (major) = 18.4 min, ee = 86%.

Chiral HPLC spectrum of (rac)-2aa

DADI A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-40 2B5-11-03 16-04-37\T-1G-1-7525-0. 8-40-DMX-1-294-5-RK. D)
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50 u ¥ =
,,,,, .
40 0. 20848 50,2116
0 08055 49. 7884
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204 Totals : 4737.33032 112, 28904
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Chiral HPLC spectrum of (R)-2aa

DADL A, Sig=254,4 Ref=360, 100 (D:\CHEM32\...-0.8612025-11-03 16-04-37\T-IG-1-7525-0. 8-40-DMX-1-2945. D)
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e A S S T e e S e AR J S S | T
2.5 5 7.5 10 12.5 15
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7. Gram Scale Synthesis and Synthetic transformations

a) Gram scale synthesis

C7 (10 mol%)
HE1 (2.5 eq.)
mesitylene (0.05 M)
50°C,72h
1a
(2 mmol scale) 95%, 94% ee

An oven-dried 25 mL Schlenk tube equipped with a magnetic stir bar was charged with
imine 1 (2 mmol, 1.0 equiv.), HE1 (5 mmol, 2.5 equiv.), and C7 (10 mol%). The tube
was evacuated and backfilled with argon three times. Mesitylene (40 mL) was then
added, and the mixture was stirred at 50 °C for 72 h. After cooling to room temperature,
chloranil (2 mmol, 1.0 equiv.) was added, and the mixture was stirred for an additional
30 min. The reaction was quenched with saturated aqueous NaHCO3. The mixture was
washed with aqueous NaOH (2 M, 2 x 20 mL) to remove tetrachloroquinol, then
extracted with CH2Clx (3 x 20 mL), the combined organic layers were dried over
NaxS0s4, and filtered. The filtrate was concentrated under reduced pressure, and the
residue was purified via column chromatography on silica gel basified with
triethylamine (petroleum ether/EtOAc/CH>Cl> = 11/1/1) to afford product 2a (670 mg,
95% yield, 94% ee).

C7 (10 mol%)
HE1 (2.5 eq.)

mesitylene (0.05 M)
50°C,72h

1f
(1 mmol scale) 84%, 96% ee

An oven-dried 25 mL Schlenk tube equipped with a magnetic stir bar was charged with
imine 1 (1 mmol, 1.0 equiv.), HE1 (2.5 mmol, 2.5 equiv.), and C7 (10 mol%). The tube
was evacuated and backfilled with argon three times. Mesitylene (20 mL) was then
added, and the mixture was stirred at 50 °C for 72 h. After cooling to room temperature,

chloranil (1 mmol, 1.0 equiv.) was added, and the mixture was stirred for an additional
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30 min. The reaction was quenched with saturated aqueous NaHCO3. The mixture was
washed with aqueous NaOH (2 M, 2 x 10 mL) to remove tetrachloroquinol, then
extracted with CH2Clx (3 x 10 mL), the combined organic layers were dried over
NaxS0s4, and filtered. The filtrate was concentrated under reduced pressure, and the
residue was purified via column chromatography on silica gel basified with
triethylamine (petroleum ether/EtOAc/CH2Cl> = 10/1/1) to afford product 2f (312 mg,
84% yield, 96% ee).

b) Synthesis of chiral bicyclo[2.1.1]hexanes

¢ )
N \\
P DPPH (2.2 eq.), K,COj (2.0 eq.)

° Lo i
THF/H,O =1/1 (0.1 M), 60 °C, 12 h O o<\ 4 Ao
2 Q enantiopurity retention Q
3 3a CCDC 2544448

Me Cl

@ a a Dhone
(1o 1o 1 o 1 o
@ & (P P
3a, 86%, 94% ee 3b, 77%, 91% ee 3c, 90%, 94% ee 3d, 85%, 96% ee

To a Schlenk tube (10 mL) with a magnetic stir bar, the 3-aza-BCHep 2 (0.1 mmol, 1
equiv.), THF (0.5 mL), H>O (0.5 mL), DPPH (O-(diphenylphosphoryl)hydroxylamine,
0.22 mmol, 2.2 equiv.), K2CO; (0.2 mmol, 2 equiv.) was added sequentially. The
reaction mixture was stirred at 60 °C for 18 h (monitored by TLC). The reaction was
cooled to room temperature, diluted with 2 mL of water, extracted with CH2Cl2 (3 x 5
mL). The combined organic layers were then saturated with brine, dried over Na;SO4
and concentrated by evaporation. The residue was purified by preparative TLC

(petroleum ether/EtOAc = 10/1) to afford the product 3.

(R)-(2,4-Diphenylbicyclo[2.1.1]hexan-1-yl)(phenyl)methanone (3a)

A white solid (31 mg, 86% yield, 94% ee), m.p. 88-91 °C, [a]% +12.0 (c 0.5, CH2CL).
TH NMR (400 MHz, CDCL): 6 7.69 (d, J= 7.4 Hz, 2H), 7.46 (t,J = 7.4 Hz, 1H), 7.36
—7.30 (m, 6H), 7.27 —7.22 (m, 1H), 7.21 —7.09 (m, 5H), 4.12 (dd, /= 8.9, 3.8 Hz, 1H),
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2.64 (ddd, J = 10.3, 9.1, 2.6 Hz, 1H), 2.55 — 2.46 (m, 2H), 2.41 (ddd, J = 11.2, 4.3,
3.1Hz, 1H), 2.36 (dd, J=5.5, 2.9 Hz, 1H), 2.18 (d, J= 6.1 Hz, 1H).

13C NMR (101 MHz, CDCl3): 3 202.18, 142.36, 141.56, 137.20, 132.67, 128.53,
128.48, 128.43, 128.42, 127.95, 126.72, 126.69, 126.09, 61.06, 52.03, 50.45, 49.81,
41.65, 41.36.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sH22NaO, 361.1563; found, 361.1571.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 90/10, 0.8
mL/min, A = 254 nm, tr (minor) = 8.7 min, tr (major) = 9.3 min, eec = 94%.

Chiral HPLC spectrum of (rac)-3a

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\..IC-1 2025-11-22 14-16-03\|C-1-9010-0.8-30-DMX-1-300-RAC(2).D)

mAU o >
@
120 5 ;b
Peak RetTime Type Width Area Height Area I
100 - #  [min] [min]  [mAU*s] [mAU] % | I\
Pl ] PSR PSR SeT BESeRee [
80 - 1 8.665 BV 8.1671 1448.68665 132.95541 49.8719 ‘ “ 1
60 2 9.339v8 ©0.1802 1456.12732 122.92312 50.1281 | | | ‘\
| |
| |
40 Totals : 2904.81396 255.87853 \‘ \ I‘ |
|
s | |
20 (Y "‘
0 e _ / —y/ -
T T T T T ¥
2 4 6 8 10 miny

Chiral HPLC spectrum of (R)-3a

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\...0.8-30-IC-1 2025-11-22 14-16-03\IC-1-8010-0.8-30-DMX-1-300.D)

mAU N
Signal 1: DAD1 A, Sig=254,4 Ref=360,108 ﬁ
800 -] - g &
1 Peak RetTime Type Width Area Height Area | “
600 # [min] [min] [mAU*s] [mAU] % [ |
] N R J-mmmeenae [ommenneees [-emeee | \
1 8.661 BB ©.1646 321.38950 30.09950 2.8230 ‘ ‘I
400 ] 2 9.322 8B ©.1846 1.10634e4  918.29626 97.177@ |\
1 | A
|
200 - Totals : 1.13848e4 948.39576 s |
o |
o |
0 o | N
T T r T T 1 r T T r T T
2 4 6 8 10 miny

(R)-4-Phenyl-2-(p-tolyl)bicyclo[2.1.1]hexan-1-yl)(phenyl)methanone (3b)

A white foam (27 mg, 77% yield, 91% ee), [a]5 +20.0 (c 0.5, CH2CL).

'TH NMR (400 MHz, CDCl5): & 7.73 (d, J= 7.9 Hz, 2H), 7.48 (t,J=7.1 Hz, 1H), 7.38
—7.31 (m, 6H), 7.27 - 7.21 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 7.00 (d, /= 8.0 Hz, 2H),
4.10 (dd, J= 8.7, 3.3 Hz, 1H), 2.68 — 2.59 (m, 1H), 2.58 — 2.44 (m, 2H), 2.41 — 2.36
(m, 2H), 2.24 (s, 3H), 2.16 (d, /= 6.7 Hz, 1H).

13C NMR (101 MHz, CDCl3): 3 202.19, 142.45, 138.47, 137.19, 136.22, 132.65,
129.11, 128.51, 128.49, 128.46, 127.81, 126.65, 126.09, 61.13, 52.04, 50.11, 49.74,
41.57,41.44,21.05.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sH24NaO, 375.1719; found, 375.1722.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 90/10, 0.8

mL/min, A = 254 nm, tr (minor) = 8.8 min, tr (major) = 10.1 min, ee = 91%.
62



Chiral HPLC spectrum of (rac)-3b

DAD1 A, Sig=254,4 Ref=360,100 (D:\Chem32\._EW 2026-01-03 11-46-48\IC-NEW-9010-0.8-30-DMX-1-314-2A-RAC D)
mAU = )
E 3
604 ﬁ S
Peak RetTime Type Width Area Height Area || ﬁ
504 # [min] [min]  [maU*s] [mau] % “ | ‘\ I‘
= T, St I i fiznnreres R, I - ‘ ‘
40- 1 8.808 BB  ©.1652 752.25989  71.25593 49.6867 [ ‘l |
30 2 10.048 BB 0.1941 764.18835 61.08956 50.3933 |‘ “ |‘ ‘|
|
| |
20 Totals : 1516.44824 132.26549 o I\ ‘.‘
10 “I |\ [ \‘
[\ ]
1 R S—— S il N L \_'_
T T T T T
2 4 6 8 10 mir|
Chiral HPLC spectrum of (R)-3b
DAD1 A, Sig=254,4 Ref=360,100 (D:'\ChemSZ\“.ZOZS-m-DS 11-46-48\IC-NEW-9010-0.8-30-DMX-1 -314—2A—CH\RALD)
mAU 3 ™
350% Peak RetTime Type Width Area Height Area H
300 4 #  [min] [min]  [mAu*s] [mAu] % | “
250 4 e e e L ) e L | [
1 8.836 88 ©.1714 245.86787 21.83603 4.4222 |1
200 = 2 10.083 88 0.1944 5313.95801 423.42368 95.5778 [
150 [
100 Totals : 5559.82588 445.25370 © | .“
50 s \
0 E| P 8
T T T T T
2 4 6 8 10 min|

(R)-2-(4-Chlorophenyl)-4-phenylbicyclo[2.1.1]hexan-1-yl)(phenyl)methanone (3¢)
A white foam (36 mg, 90% yield, 94% ee), [0]; +29.0 (c 1.0, CH2Cl).

'H NMR (400 MHz, CDCl3): 5 7.79 — 7.71 (m, 2H), 7.55 — 7.50 (m, 1H), 7.44 — 7.31
(m, 6H), 7.30 — 7.24 (m, 1H), 7.20 — 7.15 (m, 2H), 7.15 — 7.09 (m, 2H), 4.10 (dd, J =
8.9, 3.8 Hz, 1H), 2.67 (ddd, J=11.6,9.1, 2.7 Hz, 1H), 2.53 (dd, /= 9.4, 6.4 Hz, 1H),
2.47 —2.39 (m, 2H), 2.35 (ddd, J=11.3, 4.3, 3.0 Hz, 1H), 2.22 (ddd, /= 7.3, 2.6, 1.6
Hz, 1H).

13C NMR (101 MHz, CDCl3): 3 201.79, 142.04, 140.07, 137.03, 132.89, 132.49,
129.27, 128.62, 128.56, 128.52, 128.38, 126.79, 126.06, 61.04, 52.01, 49.82, 41.56,
41.53.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sHa1CINaO, 395.1173; found, 395.1175.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 90/10, 0.8

mL/min, A = 254 nm, tr (minor) = 8.3 min, tr (major) = 9.4 min, ee = 94%.

Chiral HPLC spectrum of (rac)-3c

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...25 2025-12-30 19-22-55\IC-NEW-9010-0.8-25-DMX-1-314-2B-RAC.D)
mAU 2 £
] ]
120 g @
100 _: Peak RetTime Type Width Area Height Area | | H
1 # [min] [min] [mAU*s] [mau] % | | ‘\ |
T B LTt PSR 1 (|
1 1 8.288 BB 9.1528 1321.96802 134.30711 50.4488 ‘ | |
60 2 9.385 BB 9.1748 1298.44763 114.80488 49.5512 [ l‘ |‘ “
3 i1 f i
40 1 Totals : 2620.41565 249.11120 || | “.
20 | " \
0 : —_— l/ I& — /.‘ \¥rﬁ —_—
T T T T T T
2 4 6 8 10 miny
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Chiral HPLC spectrum of (R)-3¢

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX...0.8-25 2025-12-30 19-22-55\IC-NEW-9010-0.8-25-DMX-1-314-2B.D)
mAU 3 ﬁ
1200 4 Peak RetTime Type Width Area Height Area ﬁ‘
# [min] [min]  [mAU*s] [mAU] X | |
1000  =eeefemeees R PR Joeemmnnea Jommennee [ommmeee [ [
1 8.294 BB ©.1528 564.93829 57.42488 3.1037 | ‘I
800 i 2 9.378 BB ©.1830 1.76371e4 1501.64258 96.8963 | |
600 4 ‘I ‘|
Totals : 1.82020e4 1559.86746 [
400 |
3 |
200 N |
@ f
0 Lt / —
T T T T T
2 4 6 8 10 m

(R)-2-(3-Methoxyphenyl)-4-phenylbicyclo[2.1.1]hexan-1-yl)(phenyl)methanone
(3d)

A white foam (31 mg, 85% yield, 96% ee), [a]; +4.0 (¢ 1.0, CH2Cly).

'TH NMR (400 MHz, CDCl): 6 7.73 (d, J= 7.3 Hz, 2H), 7.47 (t, J = 7.4 Hz, 1H), 7.37
—7.29 (m, 6H), 7.28 — 7.21 (m, 1H), 7.10 (t, J = 7.8 Hz, 1H), 6.77 (d, /= 7.7 Hz, 1H),
6.69 — 6.66 (m, 2H), 4.10 (dd, J= 8.7, 3.7 Hz, 1H), 3.63 (s, 3H), 2.63 (td, J=10.1, 9.0,
2.5 Hz, 1H), 2.53 — 2.44 (m, 2H), 2.41 — 2.33 (m, 2H), 2.19 (d, J = 6.0 Hz, 1H).

3C NMR (101 MHz, CDCl): & 202.03, 159.53, 143.20, 142.32, 137.20, 132.69,
129.37, 128.51, 128.49, 128.43, 126.68, 126.07, 120.21, 113.88, 112.12, 61.02, 55.14,
51.99, 50.43,49.72,41.71, 41.36.

HRMS (ESI) m/z: [M+Na]" calcd. for C2sH24NaO», 391.1669; found, 391.1672.
HPLC analysis: DAICEL CHIRALPAK IC, n-hexane/isopropanol = 90/10, 0.8

mL/min, A = 254 nm, tr (minor) = 11.4 min, tr (major) = 13.0 min, ee = 96%.

Chiral HPLC spectrum of (rac)-3d

DAD1 B, Sig=254,4 Ref=360,100 (DengMX\DMX_..25 2025-12-30 19-22-55\IC-NEW-9010-0.8-25-DMX-1-314-2C-RAC.D)
mAU | §
Peak RetTime Type Width Area Height Area FTL =
80 #  [min] [min]  [mAU*s] [mAU] % I '5,_
1 e et |zmmm | 22mmmes s | 2emmmmnans |zzznznm- | [ o
60 - 1 11.398 BB 0.2071 1392.85474 104.77665 50.0125 |l n
] 2 12.971 BB ©.3467 1392.15662 61.34792 49,9875 [ [\
40 I\ | [\
Totals : 2785.01135 166.12457 i [\
b [\
20 | ’." \
0 -1 - = B Lt \\__F__4l A
T —T T T T T T
2 4 6 8 10 12 14 min
Chiral HPLC spectrum of (R)-3d
DAD1 B, Sig=254.,4 Ref=360,100 (DengMX\DMX...0.8-25 2025-12-30 19-22-55\IC-NEW-9010-0.8-25-DMX-1-314-2C.D)
mAU N
350 4 g
300 4 Peak RetTime Type Width Area Height Area f
# [min] [min]  [mAU*s] [mAU] % ||
250 - e B [ammmmsnss [pmmomens | ||
2004 1 11.412 BB ©.2051 175.51035 13.37836 1.9622 [ |
2 12.972 BB ©.3530 8769.15918 388.34995 98.6378 [
150 = 'l
. | 1
100 2 Totals : 8944.66953 393.72830 o [
50— & I A
0 — e =i N
T T T T T T T
2 4 6 8 10 12 14 miny
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¢) Synthetic transformation

N
wPh NaBH, (5 eq.)
MeOH,0°Ctort,5h

Ph

91%, dr = 2:1

A 10 mL round bottom flask equipped with a magnetic stir bar was charged with 2a
(0.1 mmol, 1.0 equiv.) and MeOH (1 mL). Then, NaBH4 (0.5 mmol, 5 equiv.) was
added at 0 °C and the reaction was stirred at room temperature for 5 h before quenched
with saturated aq. NH4Cl (2 mL), and extracted with CH2Cl> (3 x 5 mL). The
combined organic layers were washed with brine, dried over anhydrous Na>SO4 and
filtered. The residue was purified by preparative TLC (petroleum ether/EtOAc = 1/2)
to afford the product 4 as a white foam (32.3 mg, 91%, dr = 2:1).
(2,5-Diphenyl-3-azabicyclo[3.1.1]heptan-1-yl)(phenyl)methanol (4 major)

A white foam, 92% ee, [a]D -20.0 (¢ 0.5, CHCL).

'"H NMR (400 MHz, CDCl3): 8 7.35 — 7.27 (m, 6H), 7.24 — 7.16 (m, 7H), 6.86 (d,
J=6.4 Hz, 2H), 4.39 (s, 1H), 3.79 (s, 1H), 3.16 (s, 2H), 2.79 (d, /= 8.7 Hz, 1H), 2.72
— 2.67 (m, 1H), 2.52 (d, J=9.1 Hz, 1H), 1.88 — 1.84 (m, 1H).

3C NMR (101 MHz, CDCl3): & 147.26, 141.24, 128.79, 128.53, 128.41, 128.12,
128.02, 127.89, 127.75, 126.15, 125.38, 64.59, 56.99, 47.42, 41.98, 40.79, 29.97.
HRMS (ESI) m/z: [M+H]" calcd. for C25sH26NO, 356.2009; found, 356.2010.

HPLC analysis: DAICEL CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, 1.0
mL/min, A =210 nm, tr (minor) = 7.6 min, tr (major) = 11.6 min, ee = 92%.

Chiral HPLC spectrum of (rac)-(4 major)

DAD1 C, 8ig=210.4 Ref=360,100 (DenghX\DMX_0-1.0-40 2026-02-03 22-24-07\DMX-313-A-8020-1.0-0DH-1-RAC D)

§ Peak RetTime Type Width Area Height Area
N #  [min] [min]  [mAU*s] [mAU] %
20 1 8.948 BB 0.9157 2129.75963  34.61985 48.5906

5 2 12.133 BB 1.1585 2253.31299  23.13188 51.4094
i5 4

4383.87282 57.75093
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Chiral HPLC spectrum of (R)-(4 major)
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DAD C. Sig=210.4 Ref=360,100 {DengMXIDMX__0-40 2026-02-03 22-24-07\0MX~313-A-8020-1.0-0DH-1-CHRIAL D)

mALU
Peak RetTime Type Width Area Height Area
B0 # [min] [min]  [mAU*s] [mau] %
——————————————— jtedtafesan el alln Junszad)
B0 - 1 7.565 BB 0.5174 428.57578 11.17489 4.1832
2 11.595 BB 1.4395 1.60163e4 108.95636 95.8968
40 =

Totals : 1.6444%4  112.13125
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(2,5-Diphenyl-3-azabicyclo[3.1.1]heptan-1-yl)(phenyl)methanol (4 minor)

A white foam, 98% ee, [a]} -52.0 (c 0.5, CH.CL).

'TH NMR (400 MHz, CDCl): 6 7.59 (d, J= 7.2 Hz, 2H), 7.39 (t, J = 7.4 Hz, 2H), 7.34
—7.29 (m, 1H), 7.25 — 7.22 (m,4H), 7.19 — 7.12 (m, 2H), 7.11 — 7.08 (m, 2H), 7.00
(d, J=7.1 Hz, 2H), 4.61 (s, 1H), 4.31 (s, 1H), 3.23 — 3.17 (m, 2H), 2.53 — 2.47 (m,
1H), 2.19 (d, J=9.0 Hz, 1H), 2.06 — 1.96 (m, 3H), 1.36 (d, /=9.2 Hz, 1H).

13C NMR (101 MHz, CDCl3): 3 147.45, 143.72, 141.55, 128.52, 128.45, 128.28,
128.00, 127.63, 127.47, 127.32, 125.97, 125.18, 63.95, 57.28, 46.77, 43.63, 38.70,
31.83.

HRMS (ESI) m/z: [M+H]" caled. for CasH26NO, 356.2009; found, 356.2011.

HPLC analysis: DAICEL CHIRALPAK IF, n-hexane/isopropanol = 70/30, 1.0

mL/min, A =214 nm, tr (minor) = 9.4 min, tr (major) = 13.6 min, ee = 98%.

Chiral HPLC spectrum of (rac)-(4 minor)

DAD1 A, Sig=214,4 Ref=360,100 (DengMX\DMX___026-02-05 16-47-0MDMX-1-313-B-1-T-IF-1-7030-1.0-30-RAC(1) D)

mAL - = ™ 5
& =
100 4 Peak RetTime Type Width Area Height Area -
#  [min] [min]  [mAU*s] [mau] % o
e I I e L) P

" - - » ,,,,,,,,i
1 9.461 MM 9.5498 4138.40137 125.22818 49.1328

60 2 13.627 BB 9.5620 4276.33789 111.37179 50.8680

Totals : 8406.73926 236.59196
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Chiral HPLC spectrum of (R)-(4 minor)

DAL A Sig=214,4 Ref=360,700 [DengMXDMX..026-02-05 164 7-07OMIC1-313-8-1-TIF-1-7030-1.030RCHRIAD)
mal 3
300 44 Peak RetTime Type Width Area Height Area
250 ,,‘,', ,!TT!,‘,,,,‘,FTT%,‘ETT?” ,,Téﬂ,,,|,,,,?,,|
200 1 9.648 BB 9.3896 188.11981 3.44993 8.7941
2 13.658 BB 9.5543 1.350879%e4 357.94620 99.2059
150 3
1003 Totals : 1.36168e4 361.39613
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ZT

Ph
o 0 CH3PPh3Br (2.5 eq.) on
tBuOK (2.5 eq.), THF, r.t.
2a 73%, 95% ee

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with the
methyltriphenylphosphonium bromide (0.25 mmol, 2.5 equiv.) and THF (1.0 mL), add
solution of BuOK (0.25 mL, 2.5 equiv.) in THF (1.0 M) dropwise at roommate
temperature. The resultant mixture was stirred at room temperature for 2 h. Then, add
solution of 2a (0.1 mmol, 1.0 equiv.) in THF (1 mL) dropwise and stir for 12 h at room
temperature. After the reaction was complete, dilute with saturated aqueous NH4Cl and
CH2CL. Extract the aqueous layer with CH2Clx (3 % 5 mL). The combined organic
layers were dried with Na>xSOs, concentrate the combined organic extracts in vacuo.
The residue was purified by preparative TLC (petroleum ether/EtOAc = 2/1) to afford
the product 5 as a colorless oil (25.8 mg, 73% yield, with 95% ee), [a]H -38.0 (c 0.5,
CH2CL).

(R)-2,5-Diphenyl-1-(1-phenylvinyl)-3-azabicyclo[3.1.1]heptane (5)

'"H NMR (400 MHz, CDCl3): 6 7.34 (t,J = 7.5 Hz, 2H), 7.26 — 7.18 (m, 11H), 7.05 —
7.03 (m, 2H), 5.03 (s, 1H), 4.78 (s, 1H), 4.40 (s, 1H), 3.36 (d, /= 11.6 Hz, 1H), 3.28 (d,
J =114 Hz, 1H), 2.83 — 2.79 (m, 1H), 2.68 (t, J = 8.0 Hz, 1H), 2.63 — 2.57 (m, 1H),
2.33 (d,J=9.2 Hz, 1H).

3C NMR (101 MHz, CDCl3): & 152.72, 146.92, 141.04, 128.50, 128.28, 128.01,
127.75, 127.63, 127.25, 126.30, 125.37, 114.95, 64.63, 56.68, 48.46, 47.27, 42.50,
35.41.

HRMS (ESI) m/z: [M+H]" calcd. for CasH26N, 352.2060; found, 352.2060.

HPLC analysis: DAICEL CHIRALPAK IA, n-hexane/isopropanol = 70/30, 0.8

mL/min, A = 214 nm, tg (minor) = 6.9 min, tr (major) = 8.2 min, ee = 95%.

Chiral HPLC spectrum of (rac)-5
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DADT A, Sig=214,4 Rel=400,100 (DengMXDMX. -1.0-40 2026-02-02 22-28-30DMX-1-315-T-1A-3-7030-0.6-RAC.D)

mAU ] - 2

100 Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAu] %
0 R
1 6.828 BV 8.2432 1925.62451 115.11498 49.3926
60 2 B8.2e6 VB ©.2696 1972.98462 107.77978 50.6074
40

Totals : 3898.68913 222.89468
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Chiral HPLC spectrum of (R)-5

DAD1 A, Sig=214.4 Rér:&m,mn IfDeng-M)(‘.DM)(._..dﬂ 2026-02-02 22-28-30\DMX-1-315-T-1A-3-7030-0.8-40-CHRIAL D}
mAL 2
400 7 Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
300 e Josefesieta st [irstetas [-emee [
1 6.855 BB 0.2657 214.03663 11.68587 2.6899
2 8.179 BB ©.2528 7743.12793 454.47372 97.31e1
200 4
Totals : 7957.16396 466.15960
100 “
©
o
a —— -
T T T T T T T T T T T T T T T T T T T T
2 4 & 8 10 12 14 iy

d) Late-stage modification of apixaban via coupling with 3-aza-BCHep

OMe
“ @/Br apixaban (1.2 eq.) H B
"3 Pay(dba)s (5 mol%) H NN N0
NI
Ph Xantphos (10 mol%), 100 °C o m
2h Cs,CO3 (1.5 eq.), 1,4-dioxane Ph ND
6, 73% ©

2h (0.06 mmol, 1.0 equiv.), apixaban (0.072 mmol, 1.2 equiv.), Cs2CO3 (0.09 mmol,
1.5 equiv.), xantphos (0.006 mmol, 0.1 equiv.) and Pdx(dba); (5 mol%) were
sequentially added to dried 10 mL Schlenk tube. And then the tube was evacuated and
filled with argon (repeated for three times). Anhydrous dioxane (1 mL) was added
under argon flow. The tube was sealed and the reaction was heated at 100 °C. After 36
h, the reaction was quenched with saturated aqueous NH4Cl solution and extracted with
CH>Clz. The combined organic layers were washed with brine, dried over anhydrous
NaxSOq, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (CH2Cl,/MeOH = 20/1) to afford the
product 6 (35.6 mg, 73% yield) as a white solid.

'TH NMR (400 MHz, CDCl3): 5 8.68 (s, 1H), 7.59 (d, J= 7.6 Hz, 2H), 7.49 — 7.43 (m,
5H), 7.35-7.31 (m, 6H), 7.26 — 7.21 (m, 3H), 7.18 (d, /= 6.7 Hz, 4H), 6.95 (d, /= 8.7
Hz, 2H), 4.83 (s, 1H), 4.11 (t, J = 6.4 Hz, 2H), 3.82 (s, 3H), 3.60 — 3.58 (m, 2H), 3.41
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—3.25 (m, 4H), 2.86 — 2.82 (m, 1H), 2.73 — 2.66 (m, 2H), 2.54 — 2.50 (m, 3H), 2.16
(brs, 1H), 1.94 — 1.90 (m, 4H).

13C NMR (101 MHz, CDCl3): 3 202.33, 170.21, 160.01, 159.56, 157.34, 146.19,
141.50, 141.28,139.95,137.39, 137.11, 136.47,133.71, 132.55, 132.45, 128.65, 128.51,
128.38, 128.11, 126.91, 126.85, 126.41, 126.25, 125.88, 125.17, 119.44, 113.87, 63.99,
56.75, 55.66, 54.16, 51.68, 51.25, 46.67, 42.53, 33.02, 32.93, 23.59, 21.50, 21.37.
HRMS (ESI) m/z: [M+H]" calcd. for CsoH47NsOs, 811.3602; found, 811.3605.

e) 3-aza-BCHeps as chiral secondary amine catalyst

1) Catalyst (10 mol%) Catatalyst yield (%) ee (%)

PhCO,H (10 mol%)
mme \ THF, -10 °C, 24 h 2f 93 68
+ .
N \ 2) NaBH,, MeOH 4 (major) 49 44
o 4 (minor) 79 40

A mixture of a,f-unsaturated aldehydes (0.3 mmol, 3 equiv.), Catalyst (10 mol%) and
PhCO:H (0.01 mmol) as a cocatalyst which could promote the formation of iminium in
THF (0.2 mL) was stirred for 30 min at room temperature. Then, the indole (0.1 mmol,
1 equiv.) was added and the reaction mixture was stirred for 24 h (monitored by TLC)
at-10 °C. The resulting mixture was stirred for 30 min after MeOH (0.2 mL) and NaBH4
(0.3 mmol, 3 equiv.) was added. The reaction mixture was quenched with saturated
aqueous NH4Cl, extracted with CH2Cl2 (3 x 5 mL). The combined organic layers were
then saturated with brine, dried over Na;SO4 and concentrated by evaporation. The
residue was purified by preparative TLC to afford the product 7 as a light yellow oil.
The spectroscopic data were consistent with those reported in the literature!®.
(R)-(3-(2-Methyl-1H-indol-3-yl)butan-1-ol) (7)

H NMR (400 MHz, CDCL): 5 7.74 (brs, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.24 (d, J =
7.9 Hz, 1H), 7.10 — 7.01 (m, 2H), 3.58 — 3.45 (m, 2H), 3.20 — 3.10 (m, 1H), 2.35 (s,
3H),2.16 —2.07 (m, 1H), 1.97 (dt, J=13.5, 6.7 Hz, 1H), 1.42 (d, /= 7.2 Hz, 3H).

3C NMR (101 MHz, CDCls): & 135.65, 130.50, 127.34, 120.82, 119.37, 118.95,
115.37, 110.52, 62.07, 39.55, 27.96, 21.53, 12.18.

HRMS (ESI) m/z: [M+H]" caled. for Ci3HisNO, 204.1383; found, 204.1389.

HPLC analysis: DAICEL CHIRALPAK AS-H, n-hexane/isopropanol = 90/10, 1.0

mL/min, A =230 nm, tr (minor) = 17.8 min, tr (major) = 25.3 min, ee = 68%.

Chiral HPLC spectrum of (rac)-7
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DAD1 D, Sig=230,4 Ref=360,100 (D\Chem32\...0 2025-12-29 22-12-08\T-ASH-2-9010-1.0-30-DMX-1-299-13-RAC.D)

mAU %
17543
150
Peak RetTime Type Width Area Height Area
125 #  [min] [min]  [mAU*s] [mau] %

100 ceneanneans e B [=mmnanes foemmeenes [-emmnes [

1 17.687 BB ©.5519 6862.63525 193.44749 49.6671
754 2 25.216 88 8.8110 6954.62695 134.55063 50.3329

Totals : 1.38173e4 327.99812
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Chiral HPLC spectrum of (R)-7 (entry 1)

DAD1 D, Sig=230,4 Ref=360,100 (D:\Chem32\...1.0-30 2025-12-29 22-12-08\T-ASH-2-90101.0-30-DMX-1-299-10.D)

mAU
70
60 Peak RetTime Type Width Area Height Area
50 3 # [min] [min] [mAU*s] [mau] %
wesfemnnaes L [--mmmeees [=mmeemeees f--mmmmv |
40 - 1 17.761 BB ©.5353 780.42128  22.35383 16.1425
304 2 25.350 BB @.8087 4854.14355  78.21878 83.8575 T
20 Totals : 4834.56476 100.57253
10 1
0 s /
T

T T T T
5 10 15 20 25 min

>17 761

Chiral HPLC spectrum of (R)-7 (entry 2)

DADA D, 5ig=230,4 Ref=360,100 (DAChem32\...1.0-30 2025-12-29 22-12-08\T -ASH-2-9010-1.0-30-DMX-1-313-1.0)

mAU

80 Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
60 ) e et Eorenzanaa [ sroomeznan lmmasznn |
1 17.769 BB ©.5463 1959.00171 55.70200 28.0278
a0 2 25.346 BB ©.81S5 5030.48584 96.92320 71.9722

Totals : 6989.48755 152.62521
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Chiral HPLC spectrum of (R)-7 (entry 3)

DAD1 D, Sig=230,4 Ref=360,100 (D:\Chem32\.1.0-30 2025-12-20 22-12-08\T-ASH-2-0010-1.0-30-DMX-1-313-2.D)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

804 1 17.766 BB ©.5521 3204.59033 98.71590 30.0489
2 25.326 BB ©.8189 7462.83594 143.47021 69.9591

Totals : 1.86674e4  234.18612
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8. Crystal data and structure refinement for 2a and 3a

The crystal structure of 2a has been deposited at the Cambridge Crystallographic Data

Centre (CCDC: 2544558).
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Table 1 Crystal data and structure refinement for 2a.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

p/°

V/°
Volume/A3
Z
Pealeg/cm’

2a
C2sH23NO
353.44
100.0(2)
monoclinic
P2,
5.94400(10)
12.2599(3)
12.9284(3)
90
102.0390(10)
90
921.41(3)

2

1.274
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wmm-! 0.595

F(000) 376.0

Crystal size/mm? 0.31 x 0.3 x0.25

Radiation CuKa (A =1.54178)

20 range for data collection/°6.99 to 136.434

Index ranges -7<h<7,-14<k<14,-15<1<15
Reflections collected 28238

Independent reflections 3371 [Rint = 0.0310, Rsigma = 0.0160]
Data/restraints/parameters ~ 3371/1/247

Goodness-of-fit on F? 1.048

Final R indexes [[>=2c (I)] Ri=0.0276, wR2=0.0696

Final R indexes [all data] R1=0.0279, wR> = 0.0697

Largest diff. peak/hole / ¢ A30.16/-0.15

Flack parameter 0.03(17)

The crystal structure of 3a has been deposited at the Cambridge Crystallographic Data
Centre (CCDC: 2544448).

Prob
Temp

507%
100K

Inn

68 Y

260925)

PLATON-Dec 13 4:41:40 2025 - (VERSION

Z -146 dmx2025121101 Om P 21 21 21 R = 0.04 RES= 0 149 X

Table 1 Crystal data and structure refinement for 3a.

Identification code 3a
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Empirical formula C25H220
Formula weight 338.42
Temperature/K 100.0(2)

Crystal system orthorhombic
Space group P212,2,

a/A 6.1895(2)

b/A 19.8168(6)

c/A 29.5819(8)

o/° 90

pB/° 90

v/° 90

Volume/A3 3628.40(19)

Z 8

Pealeg/cm’ 1.239

w/mm-! 0.566

F(000) 1440.0

Crystal size/mm? 0.26 x 0.21 x 0.2
Radiation CuKa (A =1.54178)

20 range for data collection/°5.368 to 136.976

Index ranges -7<h<7,-23<k<23,-35<1<35
Reflections collected 60379

Independent reflections 6686 [Rint = 0.0869, Rsigma = 0.0401]
Data/restraints/parameters ~ 6686/0/469

Goodness-of-fit on F? 1.068

Final R indexes [[>=26 (I)] Ri1=0.0367, wR2 =0.0817

Final R indexes [all data] Ri1=0.0437, wR> = 0.0849

Largest diff. peak/hole / ¢ A~ 0.14/-0.20

Flack parameter -0.06(16)
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