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I. Supplemental Tables

Table S1. Screening of Reaction Conditions for Azidyl Radical®

CF
N;—I—O o

(o] 3 [Cu] (10 mol %) )J\

L CPA (10 mol %) _ N” N CF,
N~ N CF, * O e H
H H SOlVent, 25 C "luph

24-48 hr
N3
Ph 1a 4a 5A

OO R)-A7: Ar =1- h

pe A8 Ar=9-
0" “OH (R)-A8: Ar = 9-phenanthrenyl

OO (R)-A9: Ar = 1-Pyrenyl
Ar

entry CPA  Additve  solvent  yield (%)° ee (%)°

Ar

(S)-A10: Ar = Ph
O:PfOH (S)-Ad: Ar = 4-PhCgH,
(S)-A5: Ar = 1-Pyrenyl

1 (R)-A7 - 1,4-dioxane 82 7

2 (R)-A8 - 1,4-dioxane 80 13
3 (R)-A9 - 1,4-dioxane 85 33
4 (S)-A10 - 1,4-dioxane 82 13
5 (S)-A4 - 1,4-dioxane 81 0
6 (S)-A5 - 1,4-dioxane 86 71

7 (S)-A5 - THF 77 55
8  (S)-A5 - EA 20 42
9°  (S)-A5 - 1,4-dioxane 42 3
10°  (S)-A5 - 1,4-dioxane 36 23
11" (S)-A5 - 1,4-dioxane 84 84
12°  (S)-A5 - 1,4-dioxane 83 79
13" (S)-A5  3AMS 1,4-dioxane 84 83
14" (S)-A5  4AMS 1,4-dioxane 85 88
15" (S)-A5 5AMS 1,4-dioxane 62 75
16" (S)-A5  4AMS 14-dioxane 86 89
17" (S)-A5  4AMS 1,4-dioxane 85 92
18"%  (S)-A5  4AMS 1,4-dioxane 84 90

®Reaction conditions: 1a (0.05 mmol), 2 (1.2 equiv), Cul (10 mol %), CPA (10 mol %), solvent (1.0
mL), 25°C, 24 hr under argon.
®Yield based on *H NMR analysis of the crude product using CH,Br; as an internal standard.



°Ee value based on HPLC analysis.

dCu(CH3CN)4BF4 (10 mol %) was employed at 25°C for 48 hr.
°CuBr (10 mol %) was employed was employed at 25°C for 48 hr.
'1,4-Dioxane (2.0 mL) was employed.

91,4-Dioxane (4.0 mL) was employed.

"1.2 Equiv of Na,CO; was added.

'1.2 Equiv of NaHCO; was added.

11.2 Equiv of KHCO; was added.

“molecular sieves (50.0 mg) was added.



Il. Supplemental Schemes

CF3 Ar
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M o
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Scheme S1. Asymmetric Diamination of Alkene with NFSI

Abbreviations: NFSI, N-fluorobenzenesulfonimide; TMSOAc, trimethylsilyl acetate.
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Scheme S2. Mechanistic Study
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lll. Supplemental Experimental Procedures

1. General information

All reactions were carried out under argon atmosphere using Schlenk techniques. Reagents were
purchased at the highest commercial quality and used without further purification, unless
otherwise stated. Cu(CHsCN)4BF, and Cul were purchased from Sigma-Aldrich. Chiral phosphoric
acid (CPA) was purchased from Daicel Chiral Technologies (China). 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) or iodine. NMR spectra were
recorded on Bruker DRX-500 and DPX 400 spectrometer at 400 or 500 MHz for *H NMR, 100 or
125 MHz for **C NMR and 376 MHz for *>F NMR in CDCl; and acetone-dg with tetramethylsilane
(TMS) as internal standard. The chemical shifts are expressed in ppm and coupling constants are
given in Hz. Data for "H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet;
d, doublet; t, triplet; g, quarter; p, pentet, m, multiplet; br, broad), coupling constant (Hz),
integration. Data for 3C NMR are reported in terms of chemical shift (5, ppm). Mass spectrometric
data were obtained using Bruker Apex IV RTMS. Enantiomeric excess (ee) was determined using
Agilent high-performance liquid chromatography (HPLC) with a Hatachi detector (A = 320, 254,
230 or 214 nm). Column conditions are reported in the experimental section below. X-ray
diffraction was measured on a 'Bruker APEX-Il CCD' diffractometer with Cu-Ka radiation.



2. Procedures for synthesis of substrates
Substrates 1a—1l, 1p—1s, 1u, and 1v were prepared according to reported procedures.'?

Synthesis of 1m, 1n and 1o
S-1m was prepared according to reported procedures.”

F3C
[0}
NCO HJ\N CE

FaC
PhJ\/VNHZ

iPr,NEt, DCM, 0 °C to rt
S-1m 1m

L J

To a stirred solution of S-1m (2.0 mmol) and iPr,NEt (2.0 mmol) in anhydrous CH,Cl, (4.0 mL) was
slowly added 1-isocyanato-3,5-bis(trifluoromethyl)-benzene (2.0 mmol) at 0 °C. Then the reaction
mixture was warmed to room temperature and stirred for an additional 1 h. After complete
conversion (monitored by TLC), the crude mixture was directly purified by silica gel column
chromatography (eluent: petroleum ether/CH,CI, = 100/1 to 1/2, using petroleum ether (100%) to
remove CH,ClI, for sample loading at first) to afford 1m (1.72 mmol, 86% yield).

( 1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-phenylpent-4-
¢ en-1-yhurea (1m, 86% yield)
Nj\NQCF 'H NMR (500 MHz, CDCl3) 8 7.70 (s, 3H), 7.41 (s, 1H), 7.34 (dd, J = 5.0,
H o H * | 3.5Hz, 2H), 7.31-7.26 (m, 2H), 7.26—7.20 (m, 1H), 5.49 (s, 1H), 5.25 (d,
J = 0.5 Hz, 1H), 5.01 (d, J = 1.0 Hz, 1H), 3.23 (dd, J = 13.0, 7.5 Hz, 2H),
1m 2.51 (t, J = 7.5 Hz, 2H), 1.73-1.59 (m, 2H).
\ ) 'C NMR (125 MHz, CDCl,) d 155.6, 147.3, 140.7, 140.5, 132.3 (q, J =
33.3 Hz), 128.5, 127.7, 126.1, 123.2 (q, J = 272.8 Hz), 118.7 (d, J = 3.0 Hz), 116.0 (t, J = 3.6 Hz),
113.1, 40.0, 32.6, 28.3.
F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).
HRMS (ESI) m/z calcd. for CyoH1oFgN,O [M + H]" 417.1396, found 417.1392.

S-1n-1 and S-10-1 were prepared according to reported procedures.3



o)

C Oy -
—R
(0] | N N
R&
Pd(PPhs) AcOH PPhs, THF, 0°C tort = 4

Dioxane, 80 °Cc s 1n-1, R = 3-CH, % -
S-10-1, R = 4-CH, L cN\”/OEt S-1n-2, R = 3-CH,

\\

EtO N S§-10-2, R=4-CH;
(@]
L
_NoHg'HO g H
EtOH, 80 °C .
S-1n, R = 3-CH, iPr,NEt, DCM, 0 °C to rt o O 1n, R = 3-CH,4
S-10, R = 4-CH, J 1oR=4-CH,

To a solution of S-1n-1 (0.57 g, 3.0 mmol), O-Phthalimide (0.44 g, 3.0 mmol), and PPh3 (0.79 g,
3.0 mmol) in 20.0 mL THF was added diethyl azodicarboxylate (0.5 mL, 3.0 mmol) at 0 °C. The
mixture was allowed to warm to room temperature for 18 h, evacuated the solvent and purified by
silica gel column chromatography (eluent: petroleum ether/EtOAc = 20:1-5:1) to give S-1n-2 (0.8 g,
83%).

To a solution of S-1n-2 (0.64 g, 2.0 mmol) in EtOH (15.0 mL) was added hydrazine monohydrate
(0.4 mL, 6.0 mmol) at room temperature. The reaction mixture was stirred and heated to reflux for
2 h. After cooling down to room temperature, the mixture was filtered and the filtrate was
concentrated in vacuo to afford crude amine, which was not purified for the next step.

Urea substrates 1n and 1o were obtained by the similar procedure for the compound 1m.

2-(5-(m-tolyl)hex-5-en-1-yl)isoindoline-1,3-dione (S-1n-2, 83%

o
) 'H NMR (500 MHz, CDCls) & 7.85-7.80 (m, 2H), 7.72-7.67 (m, 2H),

§-1n2 7.22-7.13 (m, 3H), 7.07 (d, J = 5.0 Hz, 1H), 5.26 (s, 1H), 5.08 (s, 1H),
3.73 (t, J = 7.5 Hz, 2H), 2.55 (t, J = 7.5 Hz, 2H), 2.33 (s, 3H), 1.91-1.80 (m, 2H).
¥C NMR (125 MHz, CDCl;) & 168.3, 147.3, 140.9, 137.8, 133.8, 132.1, 128.2, 126.8, 123.14,
123.10, 112.6, 37.7, 32.6, 27.0, 21.4.

5 2-(5-(p-tolyl)hex-5-en-1-yl)isoindoline-1,3-dione (S-10-2, 89% vyield)
/@JL/\/\N;D '"H NMR (500 MHz, CDCl;) & 7.92-7.81 (m, 2H), 7.79-7.61 (m, 2H),
4 7.29 (d, J =5.0 Hz, 2H), 7.14 (d, J = 5.0 Hz, 2H), 5.28 (s, 1H), 5.08 (s,

So2 1H), 3.75 (t, J = 7.5 Hz, 2H), 2.57 (t, J = 7.5 Hz, 2H), 2.35 (s, 3H), 1.94—

1.82 (m, 2H).
3C NMR (125 MHz, CDCl,) 5 168.3, 146.9, 137.9, 137.1, 133.8, 132.0, 128.9, 125.9, 123.1, 111.9,
37.7,32.5, 27.0, 21.0.



1-(4-(m-tolyl)pent-4-en-1-yl)-3-(3-(trifluoromethyl)phenyl)urea (1n, 67%
i yield)
”)L”QCF H NMR (500 MHz, CDCls) 5 7.51 (s, 1H), 7.43 (d, J = 10.0 Hz, 1H), 7.26 (t, J
= 7.5 Hz, 1H), 7.22-7.10 (m, 5H), 7.06 (d, J = 5.0 Hz, 1H), 5.47 (s, 1H), 5.22
1n (s, 1H), 4.98 (s, 1H), 3.19 (dd, J = 10.0, 5.0 Hz, 2H), 2.47 (t, J = 7.5 Hz, 2H),
2.31 (s, 3H), 1.66—1.55 (m, 2H).
F NMR (376 MHz, CDCl3) & —62.7 (s, 3F).
HRMS (ESI) m/z calcd. for CaoH,F3N,O [M + H]* 363.1679, found 363.1668.

o @\ 1-(4-(p-tolyl)pent-4-en-1-yI)-3-(3-(trifluoromethyl)phenyl)urea (10, 74%
N cr,|  Vield)
'H NMR (500 MHz, CDCl3) 8 7.52 (s, 1H), 7.46 (d, J = 5.0 Hz, 1H), 7.32—7.20
(m, 5H), 7.10 (d, J = 10.0 Hz, 2H), 5.26 (t, J = 5.0 Hz, 1H), 5.23 (s, 1H), 4.97
to (s, 1H), 3.21 (dd, J = 10.0, 5.0 Hz, 2H), 2.49 (t, J = 6.9 Hz, 2H), 2.31 (s, 3H),
1.67-1.57 (m, 2H).
F NMR (376 MHz, CDCl;) 5 —62.6 (s, 3F).
HRMS (ESI) m/z calcd. for CoH»,FsN,O [M + H]* 363.1679, found 363.1668.

Synthesis of 1w and 1x

B(OH), cN
CN
on >
CHO, Pd(OAc),, K,CO3, X-Phos OH OH, PPTS LAH
ﬁ:‘% CH3CN3/H,0, 80 °C toluene, 100 °C Et,0,0°Ctort
Br (0]
CHO o\)(
S-1w S-1x

CF3

F3C CF,
NH Q
2 NCO PR o
N" N CF3 PR
FiC g oH CF4COOH NTON CF3
s . Ehdlatael g
iPr,NEt, DCM, 0 °C to rt CHCIy/H,0, 1t

o)

Ok °
S-2x
(0]
1w

S-1w was prepared according to reported procedures.l’2

To a solution of S-1w (12.0 mmol) in toluene (24.0 mL) was added neopentyl glycol (36.0 mmol)
and PPTS (1.98 mmol) under argon. Then the reaction was stirred for 18 h at 100 °C. After
complete conversion (monitored by TLC), the reaction mixture was extracted with EtOAc. The
combined organic layers were concentrated in vacuo. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to get S-1x (10.8 mmol, 90% yield).
To a suspension of LiAIH4 (456.0 mg, 12.0 mmol) in Et,O (36.0 mL) at 0 °C was slowly added a
solution of S-1x (6.0 mmol) in Et,O (4.0 mL). Then the mixture was warmed to room temperature
and stirred for additional 3 h. The reaction mixture was quenched by slow portionwise addition of
water (1 mL) in Na,SO,4 (8.0 g) at 0 °C. The reaction mixture was warmed to room temperature,
stirred for additional 30 min, filtered and concentrated in vacuo to afford S-2x, which was directly



used in the next reaction without further purification.

To a stirred solution of S-2x (ca. 5.21 mmol) and iPr,NEt (5.21 mmol) in anhydrous CH,CI, (13.0
mL) was slowly added 1-isocyanato-3,5-bis(trifluoromethyl)-benzene (5.21 mmol) at 0 °C. Then
the reaction mixture was warmed to room temperature and stirred for an additional 1 h. After
complete conversion (monitored by TLC), the crude mixture was directly purified by silica gel
column chromatography (eluent: petroleum ether/CH,CI, = 100/1 to 1/5, using petroleum ether
(100%) to remove CH,CI, for sample loading at first) to afford 1w (4.3 mmol, 83% vyield).

To a solution of 1w (3.0 mmol) in H,O (3.0 mL)/CHCI; (50.0 mL) was added CF;COOH (6.0 mL).
The mixture was stirred for 3 h at room temperature. After complete reaction, the mixture was
guenched by NaHCO3 (aq). The organic layer was separated, dried, filtered and concentrated in
vacuo. The residue thus obtained was purified by silica gel column chromatography (eluent:
petroleum ether/EtOAc = 20/1 to 5/1) to afford 1x (2.22 mmol, 74% yield).

4-(3-formylphenyl)-2,2-dimethylpent-4-enenitrile (S-1w)

'H NMR (500 MHz, CDCl3) & 10.03 (s, 1H), 7.90 (s, 1H), 7.81 (d, J = 7.5 Hz, 1H),
7.68 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H), 5.52 (s, 1H), 5.38 (s, 1H), 2.80 (s,
2H), 1.28 (s, 6H).

CHo 1 B¢ NMR (125 MHz, CDCl;) d 192.2, 142.9, 142.5, 136.6, 132.6, 129.6, 129.3,
127.1, 124.3, 120.1, 45.4, 32.9, 27.1.

CN

S-1w

4-(3-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl)-2,2-dimethylpent-4-enenitrile

CN
(S-1x)
'"H NMR (500 MHz, CDCl3) 8 7.52 (s, 1H), 7.44 (dt, J = 6.5 Hz, J = 2.0 Hz, 1H),
o 7.37-7.32 (m, 2H), 5.47 (s, 1H), 5.40 (s, 1H), 5.31 (s, 1H), 3.77 (d, J = 11.0 Hz,
s oJ( 2H), 3.65 (d, J = 11.0 Hz, 2H), 2.77 (s, 2H), 1.30 (s, 3H), 1.24 (s, 6H), 0.81 (s,
3H).

*C NMR (125 MHz, CDCl;) 5 143.6, 141.8, 138.8, 128.5, 126.9, 125.6, 124.2, 118.9, 101.6, 77.7,
453, 33.4,30.3, 27.1, 23.1, 21.9.

1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-(3-(5,5-dimethyl-1,3-dioxan-2-yl)
o Q phenyl)-2,2-dimethylpent-4-en-1-yl)urea (1w)
N ¢k 'H NMR (500 MHz, CDClg) 8 7.75 (s, 2H), 7.67 (s, 1H), 7.46—7.44 (m, 3H),
7.42-7.39 (m, 1H), 6.62 (s, 1H), 5.49 (s, 1H), 5.32 (s, 1H), 5.12 (s, 1H), 3.82
o (t, J = 6.5 Hz, 1H), 3.78 (d, J = 11.0 Hz, 2H), 3.72 (d, J = 11.0 Hz, 2H), 2.73
oJ( " (d, 3 =6.5Hz, 2H), 2.48 (s, 2H), 1.32 (s, 3H), 0.94 (s, 6H), 0.82 (s, 3H).
¥C NMR (125 MHz, CDCl;) 5 154.9, 145.6, 144.1, 140.9, 138.3, 132.1,
131.9 (q, J = 33.0 Hz), 129.5, 128.5, 125.8, 123.2 (q, J = 271.1 Hz), 118.9, 117.9, 115.5, 102.2,
77.9, 48.3,45.2, 35.9, 30.3, 26.1, 22.9, 21.7.
F NMR (376 MHz, CDCl;) 5 -63.0 (s, 6F).
HRMS (ESI) m/z calcd. for CgHa3FgN,O5 [M + H]* 559.2391, found 559.2390.




1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-(3-formylphenyl)-2,2-dimethylp

ent-4-en-1-yl)urea (1x)
iNQCF H NMR (400 MHz, CDCls) 5 10.00 (s, 1H), 7.89 (s, 1H), 7.81 (s, 2H), 7.73

N s
oK (d, J =7.2 Hz, 1H), 7.66 (t, J = 2.8 Hz, 2H), 7.49 (t, J = 3.6 Hz, 1H), 7.43 (s,
1H), 5.35 (s, 1H), 5.28 (t, J = 6.0 Hz, 1H), 5.13 (s, 1H), 2.98 (d, J = 6.0 Hz,

cHo  ix 2H), 2.52 (s, 2H), 0.76 (s, 6H).

3C NMR (125 MHz, CDCl;) & 193.3, 155.3, 144.7, 144.0, 140.6, 136.3,
132.8, 132.2 (g, J = 33.0 Hz), 129.9, 129.4, 125.9, 123.1 (q, J = 271.2 Hz), 118.9, 118.4, 115.7,
50.0, 44.5, 35.7, 25.5.

F NMR (376 MHz, CDCl;) 5 -63.1 (s, 6F).

HRMS (ESI) m/z calcd. for Cp3HasFsN,O, [M + H]* 473.1658, found 473.1660.

Synthesis of 1y

F3C

GNCO CFs
CN 0
P b Q
. , . N7 N CF,
Et,0,0°Ctort iProNEt, DCM, 0 °C to rt H H
Br Br
S-2aa Br 1aa

CFs o
o B(OH), JL
L Pd(OAC),, KoCO3, X-Phos H H CF3
N
NN CFs CHaCNy/H,0, 80 °C
CO,Et

Br 1aa

S-2aa was prepared according to reported procedures.l‘2

To a stirred solution of S-2aa (4.0 mmol) and iPr,NEt (4.0 mmol) in anhydrous CH,CI, (10.0 mL)
was slowly added 1-isocyanato-3,5-bis(trifluoromethyl)-benzene (4.0 mmol) at 0 °C. Then, the
reaction mixture was stirred for additional 60 min at O °C. After complete conversion (monitored by
TLC), the crude mixture was directly purified by silica gel column chromatography (eluent:
petroleum ether/EtOAc = 100/1 to 10/1, using petroleum ether (100%) to remove CH,CI, for
sample loading at first) to afford 1aa (3.6 mmol, 90% vyield).

To a solution of 1aa (2.0 mmol), 3-ethoxycarbonylphenylboronic acid (3.0 mmol), K,CO3 (6.0 mmol)
and 2-dicyclohexylphosphino-2',4",6"-triisopropylbiphenyl (X-Phos, 0.16 mmol) in CH3CN/H,O (6.0
mL/3.0 mL) was added Pd(OAc), (0.08 mmol). Then the flask was briefly evacuated and backfilled
with argon three times. Upon completion, the flask was sealed and the reaction mixture was stirred
at 80 °C for 12 h under argon atmosphere. Next, the reaction mixture was cooled to room
temperature and extracted with EtOAc. The combined organic layers were washed with brine,
dried over Na,SO, and concentrated in vacuo to afford a crude product, which was further purified
by flash chromatography (eluent: petroleum ether/EtOAc = 100/1 to 7/1) to give 1y (0.4 mmol, 20%



yield).

CF, 1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-bromo-2,2-dimethylpent-4-en-
0 1-yl)urea (laa)
QJ\H ¢k, | H NMR (500 MHz, CDCl3) 5 7.87 (s, 2H), 7.49 (s, 1H), 6.92 (s, 1H), 5.98
(s, 2H), 5.10 (t, J = 7.5 Hz, 1H), 3.25 (d, J = 8.0 Hz, 2H), 2.45 (s, 2H),
1.01 (s, 6H).
13C NMR (125 MHz, CDCl,) 5 155.4, 140.4, 132.4 (q, J = 33.0 Hz), 128.8, 123.1 (q, J = 271.1 Hz),
121.3,118.7, 116.0, 50.3, 49.2, 35.8, 25.3.
F NMR (376 MHz, CDCl3) 5 —63.2 (s, 6F).

Ethyl3-(5-(3-(3,5-bis(trifluoromethyl)phenyl)ureido)-4,4-dimethylpent

CF;
o -1l-en-2-yl)benzoate (1y)
N oF, 'H NMR (400 MHz, CDCls) 5 8.09 (s, 1H), 7.94 (s, 2H), 7.86 (d, J = 8.0 Hz,
HoH 1H), 7.67 (d, J = 7.2 Hz, 1H), 7.55 (s, 1H), 7.43 (t, J = 7.6 Hz, 2H), 5.43 (s,
1y 1H), 5.17 (s, 1H), 4.89 (t, J = 7.2 Hz, 1H), 4.42 (q, J = 7.2 Hz, 2H), 2.82 (d,
co,Et J = 6.4 Hz, 2H), 2.55 (s, 2H), 1.41 (t, J = 7.2 Hz, 3H), 0.87 (s, 6H).

) ~ BC NMR (125 MHz, CDCl3) 5 168.2, 155.0, 144.6, 143.0, 141.2, 132.0 (q,
J=33.0 Hz), 131.2, 130.3, 129.2, 128.3, 126.6, 123.3 (q, J = 271.0 Hz), 118.4, 117.9, 115.2, 61.8,
48.9, 44.0, 35.8, 25.9, 14.2.

F NMR (376 MHz, CDCl3) 5 -63.0 (s, 6F).

HRMS (ESI) m/z calcd. for CasH,p7FsN,O3 [M + H]" 517.1920, found 517.1921.

Synthesis of 1t, 1z, 1za, 1bb-1hh

CN RB(OH), CN Rik \ NCO
Pd(OAc),, K;CO3, X-Phos LAH NH
CH3CNg/H20, 80 °C Et,0,0°Ctort iPr,NEt, DCM, 0 °C to rt A@
R
s-1

Br

£ Q).
NN CF3 N 3
H H H H H H
< J O e
> 1cc X=F
g ® S
1t 12 1za O
N
H H Fs
H H 3
1dd 1ee Z2e) 1ff 199, Ar =
N ‘ o Ar 1hh, Ar =Bn




S-1 and S-2 were prepared according to reported procedures.'?

To a stirred solution of S-2 (2.0 mmol) and iPr,NEt (2.0 mmol) in anhydrous CH,CI, (5.0 mL) was
slowly added 1-isocyanato-3,5-bis(trifluoromethyl)-benzene (2.0 mmol) at 0 °C. Then, the reaction
mixture was warmed to room temperature and stirred for an additional 1 h. After complete
conversion (monitored by TLC), the crude mixture was directly purified by silica gel column
chromatography (eluent: petroleum ether/CH,CI, = 100/1 to 1/5, using petroleum ether (100%) to
remove CH,CI, for sample loading at first) to give urea substrates 1t, 1z, 1za, and 1bb-1hh.

2,2-dimethyl-4-(naphthalen-2-yl)pent-4-en-1-amine (S-2t)
(1.01 g, 76% overall yield in two steps).
'"H NMR (400 MHz, CDCl;) & 8.19-8.17 (m, 1H), 7.86-7.84 (m, 1H), 7.75 (d, J =
O 8.0 Hz, 1H), 7.51-7.46 (m, 2H), 7.45-7.38 (m, 2H), 5.43 (d, J = 2.0 Hz, 1H), 5.26 (d,
s-2t O J =8.0 Hz, 1H), 2.62 (s, 2H), 2.33 (s, 2H), 0.89 (br s, 2H), 0.79 (s, 6H).
*C NMR (100 MHz, CDCl,) & 145.9, 142.3, 134.0, 130.9, 128.5, 127.3, 126.0,
125.8, 125.6, 125.2, 119.9, 52.7, 47.6, 36.4, 25.3.

NH,

2,2-dimethyl-4-(3-styrylphenyl)pent-4-enenitrile (S-1z)

(740 mg, 81% yield).

'"H NMR (500 MHz, CDCl;) 8 7.53 (d, J = 8.0 Hz, 3H), 7.46 (d, J = 8.0 Hz, 1H),
7.37 (t, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.13
(d, J = 1.5 Hz, 2H), 5.50 (s, 1H), 5.33 (s, 1H), 2.80 (s, 2H), 1.28 (s, 6H).

¥C NMR (125 MHz, CDCl3) 5 143.9, 142.2, 137.6, 137.2, 129.1, 128.8, 128.7,
128.4,127.8, 126.6, 125.8(2), 125.8(1), 124.8, 124.7, 118.9, 45.5, 33.3, 27.1.

4-(3-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl)-2,2-dimethylpent-4-enenitrile
(S-1za)
(570 mg, 76% vyield).
O '"H NMR (500 MHz, CDCl3) & 7.56—7.53 (m, 3H), 7.46 (td, J = 1.5 Hz, J= 7.0
N Hz, 1H), 7.37-7.31 (m, 5H), 5.48 (d, J = 1.0 Hz, 1H), 5.34 (d, J = 1.0 Hz, 1H),
>t O 2.77 (s, 2H), 1.27 (s, 6H).

CN

1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-

o g (naphthalen-2-yl)pent-4-en-1-yl)urea (1t)
HJLH cr,| (890 mg, 90% yield).
'H NMR (500 MHz, CDCl,) 8 7.85-7.49 (m, 4H), 7.62 (s, 2H), 7.54 (dd, J =
O 1t 2.0 Hz, J=8.0 Hz, 1H), 7.50 (dt, J = 1.0 Hz, J = 6.5 Hz, 1H), 7.47—7.45 (m,
O 1H), 7.44 (s, 1H), 5.97 (s, 1H), 5.43 (d, J = 1.5 Hz, 1H), 5.19 (d, J = 1.5 Hz,

1H), 4.31 (t, J = 6.0 Hz, 1H), 2.97 (d, J = 6.0 Hz, 2H), 2.62 (s, 2H), 0.88 (s,
6H).



3C NMR (125 MHz, CDCl3) & 154.6, 146.0, 140.8, 140.4, 133.2, 132.6, 132.1 (q, J = 33.1Hz),
128.3,127.9, 127.7, 126.6, 126.2, 125.1, 125.0, 123.1 (q, J = 271.1 Hz), 118.3, 118.2, 115.7, 50.0,

45.3, 35.8, 25.8.

F NMR (376 MHz, CDCl3) & —63.0 (s, 6F).
HRMS (ESI) m/z calcd. for CogH,sFsN,O [M + H]* 495.1866, found 495.1867.

CF;
0]

M

CF3

1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-(3-styrylphenyl)pe
nt-4-en-1-yl)urea (1z)

(951 mg, 87% overall yield in two steps).

'H NMR (500 MHz, CDCl3) 8 7.76 (s, 2H), 7.54 (s, 1H), 7.50 (d, J = 7.5 Hz,
2H), 7.44 (d, J = 5.5 Hz, 2H), 7.38-7.32 (m, 3H), 7.28 (d, J = 8.0 Hz, 2H),
7.15(d, J = 16.5 Hz, 1H), 7.11 (d, J = 16.5 Hz, 1H), 6.39 (s, 1H), 5.34 (s,
1H), 5.12 (s, 1H), 4.48 (s, 1H), 2.99 (d, J = 7.5Hz, 2H), 2.54 (s, 2H), 0.87 (s,

N N
H H

P
1z

6H).

3C NMR (125 MHz, CDCl5) & 156.2, 156.1, 146.0, 143.6, 140.3, 137.4, 137.0, 132.1 (g, J = 33.1
Hz), 129.0, 128.7, 128.3, 127.8, 126.5, 125.7, 125.4, 124.7, 123.0 (q, J = 271.1 Hz), 118.5, 117.6,
115.8, 50.2, 45.1, 35.7, 25.5.

F NMR (376 MHz, CDCly) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for C3oHasFsN,O [M + H]" 547.2179, found 547.2177.

cF, 1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-(3-(phenylethynyl)
0 phenyl)pent-4-en-1-yl)urea (1za)

”J\H crs| (933 mg, 85% overall yield in two steps).
'"H NMR (400 MHz, CDCl3) & 7.80 (s, 2H), 7.57 (s, 1H), 7.53=7.51 (m, 2H),
O 7.45-7.43 (m, 2H), 7.36-7.31 (m, 4H), 7.26 (s, 1H), 6.66 (s,1H), 5.33 (s,
A 1H), 5.11 (s, 1H), 4.63 (s, 1H), 2.99 (d, J = 6.0 Hz, 2H), 2.51 (s, 2H), 0.84 (s,

6H).
¥C NMR (125 MHz, CDCl3) 8 155.1, 145.3, 143.6, 140.4, 132.2 (q, J = 33.3
Hz), 131.6, 130.6, 129.4, 128.7, 128.5, 128.4, 128.6, 123.1 (q, J = 270.7 Hz), 123.3, 122.8, 118.5,
118.2, 115.9, 89.8, 89.1, 50.0, 45.0, 35.8, 25.6.

F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CaoH,7FgN,O [M + H]" 545.2022, found 545.2023.

1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-(4-chlorophenyl)-2,2-dimeth
ylpent-4-en-1-yl)urea (1bb)
3 (850 mg, 89% overall yield in two steps).
'"H NMR (500 MHz, CDCl3) & 7.74 (s, 2H), 7.44 (s, 1H), 7.37 (s, 1H),
7.25-7.23 (m, 4H), 5.24 (s, 1H), 5.20 (s, 1H), 5.02 (s, 1H), 3.01 (d, J =
cl 5.5 Hz, 2H), 2.44 (s, 2H), 0.75 (s, 6H).

C NMR (125 MHz, CDCl;) & 155.3, 145.0, 141.6, 140.3, 133.2, 132.1
(9,3 =33.1 Hz), 128.5, 127.6, 123.1 (q, J = 271.2 Hz), 118.6, 117.9, 116.0, 50.3, 45.0, 35.7, 25.4.
F NMR (376 MHz, CDCl3) 5 —63.2 (s, 6F).
HRMS (ESI) m/z calcd. for C,,H,FsON,CI [M + H]" 479.1319, found 479.1306.




CFs 1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-(4-fluorophenyl)-2,2-dimethyl

i Q pent-4-en-1-yl)urea (1cc)
CFs | (811 mg, 88% overall yield in two steps).

'H NMR (500 MHz, CDCly) 8 7.72 (s, 2H), 7.60 (s, 1H), 7.43 (s, 1H),
7.28-7.26 (m, 2H), 6.94 (t, J = 8.5 Hz, 2H), 5.36 (s, 1H), 5.19 (s, 1H), 4.99
F (s, 1H), 3.01 (d, J = 6.0 Hz, 2H), 2.43 (s, 2H), 0.74 (s, 6H).
13C NMR (125 MHz, CDCl3) & 163.2, 161.2, 155.6, 140.3, 139.1, 132.2 (q,
J=33.1Hz), 127.9 (d, J = 7.9 Hz), 123.0 (q, J = 271.1 Hz), 118.6, 117.4, 116.0, 115.2, 50.3, 45.2,
35.7, 25.4.
F NMR (376 MHz, CDCl3) 5 -63.2 (s, 6F), —115.0 (s, 1F).
HRMS (ESI) m/z calcd. for Cp,H»,F;0N, [M + H]" 463.1615, found 463.1600.

Cl 1-(3,5-dichlorophenyl)-3-(2,2-dimethyl-4-phenylpent-4-en-1-yl)urea
2 | e
NN c (682 mg, 90% overall yield in two steps).

'H NMR (400 MHz, CDCly) & 7.64 (s, 1H), 7.31-7.29 (m, 2H), 7.28-7.24
(m, 2H), 7.23-7.21 (m, 1H), 7.15 (d, J = 2.0 Hz, 2H), 6.94 (t, J = 2.0 Hz,
1H), 5.56 (t, J = 5.6 Hz, 1H), 5.22 (s, 1H), 5.00 (s, 1H), 2.97 (d, J = 2.0 Hz,
2H), 2.44 (s, 2H), 0.74 (s, 6H).

3C NMR (100 MHz, CDCl,) & 155.9, 146.2, 143.2, 140.9, 135.2, 128.4, 127.3, 126.4, 122.7, 117.7,
117.3,50.2, 45.1, 35.7, 25.5.

HRMS (ESI) m/z calcd. for CooH30N,Cl, [M + H]* 377.1182, found 377.1185.

1dd

CF3 1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-(quinolin-6-yl)pent
i -4-en-1-ylurea (lee)
NN CFs | (420 mg, 56% overall yield in two steps)

'H NMR (400 MHz, CDCl;) 5 8.81 (s, 1H), 8.76 (s, 1H), 8.12 (d, J = 8.1 Hz,
1H), 7.96 (d, J = 8.7 Hz, 1H), 7.75 (d, J = 9.4 Hz, 3H), 7.63 (d, J = 8.6 Hz,
1H), 7.37 (s, 2H), 5.74 (s, 1H), 5.34 (s, 1H), 5.10 (s, 1H), 3.05 (d, J = 5.4 Hz,
2H), 2.52 (s, 2H), 0.64 (s, 6H).

*C NMR (100 MHz, CDCl3) 5 155.8, 149.9, 147.1, 145.2, 141.8, 141.1, 136.9, 132.0 (q, J = 33.2
Hz), 129.0, 128.4, 128.3, 124.9, 123.2 (q, J = 272.7 Hz), 121.6, 119.0, 118.0, 115.3, 50.3, 44.9,
35.7, 25.2.

F NMR (376 MHz, CDCl;) 5 —63.6 (s, 6F).

HRMS (ESI) m/z calcd. for CosH,4FgNsO [M + H]™ 496.1818, found 496.1816.

‘ 1ee

Py 1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-(furan-2-yl)-2,2-dimethylpent-4-e
o n-1-ylurea (1ff)
NTON cr (382 mg, 85% overall yield in two steps)
'"H NMR (400 MHz, CDCl3) 5 7.86 (s, 2H), 7.48 (s, 1H), 7.34 (s, 1H), 6.76 (s,
70 1H), 6.37 (s, 1H), 6.34 (s, 1H), 5.63 (s, 1H), 4.96 (s, 1H), 4.88 (s, 1H), 3.13




(d, J = 6.2 Hz, 2H), 2.36 (s, 2H), 0.92 (s, 6H).

13C NMR (100 MHz, CDCl3) & 155.7, 155.4, 141.7, 140.6, 134.2, 132.1 (q, J = 33.5 Hz), 123.1 (q, J
=272.8 Hz), 118.5, 115.6, 113.7, 111.3, 106.5, 50.1, 42.5, 35.4, 25.1.

F NMR (376 MHz, CDCl3) & —63.0 (s, 6F).

HRMS (ESI) m/z calcd. for CooH,1FsN,O, [M + H]" 435.1502, found 435.1504.

(E)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-methylene-6-p
CF, henylhex-5-en-1-yl)urea (1gg)
o /@\ (624 mg, 67% overall yield in two steps)

N cFs | 'H NMR (400 MHz, CDCl,) & 8.04 (s, 1H), 7.69 (s, 2H), 7.47-7.31 (m, 3H),
7.26 (dd, J = 8.5, 6.5 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.75 (d, J = 16.2 Hz,
1H), 6.54 (d, J = 16.3 Hz, 1H), 5.83 (s, 1H), 5.26 (s, 1H), 4.92 (s, 1H), 3.15
199 (d, J = 6.0 Hz, 2H), 2.24 (s, 2H), 0.9 (s, 6H).
3C NMR (100 MHz, CDCl3) 5 156.0, 144.3, 142.6, 140.4, 137.0, 132.2(q, J
= 30.7 Hz), 128.8, 128.6, 127.6, 126.4, 123.1 (q, J = 271.1 Hz), 119.5, 118.6, 115.9, 50.4, 41.2,
35.3, 25.5.

F NMR (376 MHz, CDCl3) 5 —61.2 (s, 6F).
HRMS (ESI) m/z calcd. for CpqHpsFsN,O [M + H]* 471.1866, found 471.1865.

(E)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2-dimethyl-4-methylene-7

o I§ -phenylhept-5-en-1-yl)urea (1hh)
NJLN CF, (710 mg, 73% overall yield in two steps)
'H NMR (400 MHz, CDCl3) & 7.73 (s, 2H), 7.43 (s, 1H), 7.28 (dd, J =
N 13.6, 6.3 Hz, 2H), 7.23-7.14 (m, 3H), 6.89 (s, 1H), 6.19 (d, J = 15.6 Hz,
1hh 1H), 5.92-5.77 (m, 1H), 5.13 (s, 1H), 5.10 (s, 1H), 4.85 (s, 1H), 3.43 (d, J

= 6.9 Hz, 2H), 3.07 (d, J = 6.2 Hz, 2H), 2.13 (s, 2H), 0.87 (s, 6H).

*C NMR (100 MHz, CDCl;) 5 155.0, 142.4, 140.5, 140.3, 134.9, 132.1 (q, J = 33.3 Hz), 128.9,
128.7, 128.6, 126.4, 123.2 (q, J = 272.7 Hz), 118.6, 118.0, 115.8, 49.8, 41.0, 39.2, 35.4, 25.7.

F NMR (376 MHz, CDCl;) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CysHy7FgN,O [M + H]+ 485.2022, found 485.2020.

General procedure for preparation of O-benzoylhydroxylamines 2a—j

o] R’
o R?  K,HPO,, DMF N
P + ~N-p3
(6] HN\R3 rt, overnight © R
R1 o R1

O-Benzoylhydroxylamines 2a—j were synthesized using literature procedures.4

An oven-dried resealable Schlenk tube equipped with a magnetic stir bar was charged with aryl
peroxyanhydride (1.0 mmol, 1.0 equiv), dipotassium hydrogen phosphate (1.5 mmol, 1.5 equiv),
secondary amines (1.1 mmol, 1.1 equiv) and anhydrous N,N-dimethylformamide (5 mL), and the



sealed tube was then stirred at room temperature overnight. Upon completion (monitored by TLC),
the reaction mixture was quenched with water (5 mL), and the aqueous layer was extracted with
CH.CI, (2 x 10 mL). The combined organic extract was washed with brine (2 x 10 mL), dried over
Na,S0,, filtered and concentrated under vacuum. The crude product was purified by flash
chromatography using petroleum ether/EtOAc (6/1) as the eluent to afford the corresponding
O-benzoylhydroxylamines.

o 4-tosyl-1,4-diazepan-1-yl 4-methoxybenzoate (2€e)
N_O@OMG (242 mg, 60% yield).

TN 2 'H NMR (500 MHz, CDCl,) & 7.91 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.0
Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 3.85 (s, 3H),

3.51 (d, J = 3.0 Hz, 2H), 3.43-3.37 (m, 6H), 2.43 (s, 3H), 2.19-1.94 (m, 2H).

13C NMR (125 MHz, CDCls) & 164.4, 163.7, 143.6, 135.9, 131.6, 130.0, 127.1, 121.4, 113.9, 59.9,

57.0, 55.6, 46.8, 44.2, 23.8, 21.7.

HRMS (ESI) m/z calcd. for CaoHpsOsN,S [M + H]* 405.1479, found 405.1478.

o 4-(methylsulfonyl)piperazin-1-yl 4-methoxybenzoate (2f)
MstN_(}—@OMe (239 mg, 76% yield).
o 'H NMR (400 MHz, CDCl3) 5 7.96 (d, J = 2.0 Hz, 1H), 7.94 (d, J = 2.4
Hz, 1H), 6.92 (dd, J = 8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 3.73 (s, 2H), 3.52
(s, 2H), 3.26 (s, 2H), 3.11 (s, 2H), 2.83 (s, 3H).
3C NMR (125 MHz, CDCl3) 5 164.4, 163.8, 131.7, 121.0, 113.9, 55.6, 55.3, 44.4, 34.9.
HRMS (ESI) m/z calcd. for C13H190sN,S [M + H]* 315.1009, found 315.1004.

(6]
ove| 4-tosylpiperazin-1-yl 4-methoxybenzoate (2g)

2g (238 mg, 61% yield).

'H NMR (500 MHz, CDCl;) 5 7.96-7.82 (m, 2H), 7.65 (d, J = 8.5 Hz,
2H), 7.35 (d, J = 8.0 Hz, 2H), 7.14-6.79 (m, 2H), 3.85 (s, 3H), 3.68 (s, 2H), 3.44 (s, 2H), 3.07 (s,
2H), 2.84 (s, 2H), 2.45 (s, 3H).
3C NMR (125 MHz, CDCl;) & 164.3, 163.8, 144.3, 132.1, 131.7, 129.9, 128.0, 121.1, 113.9, 55.6,
55.2,44.9, 21.7.
HRMS (ESI) m/z calcd. for C19H,,05N,NaS [M + Na]+ 413.1142, found 413.1140.

TsN N-O
/

o Piperidin-1-yl 4-methoxybenzoate (2h)
{ CN_(}—@OW} (191 mg, 81% yield).

Zh '"H NMR (500 MHz, CDCl3) 5 7.96 (d, J = 9.0 Hz, 2H), 6.90 (d, J = 9.0 Hz,
2H), 3.85 (s, 3H), 3.48 (s, 2H), 2.74 (s, 2H), 1.82-1.79 (m, 4H), 1.73-1.66 (m, 1H), 1.27 (s, 1H).
*C NMR (125 MHz, CDCl;) 5 164.7, 163.4, 131.5, 122.1, 113.7, 57.6, 55.6, 25.1, 23.5.

HRMS (ESI) m/z calcd. for C13H1505N [M + H]* 236.1281, found 236.1280.




Ethyl-1-((4-methoxybenzoyl)oxy)piperidine-4-carboxylate (2i)
(6]
> )-ome| (225 mg, 73% yield).
EtOZCCN—O 1
2i H NMR (400 MHz, CDCl;) & 7.95 (d, J = 8.8 Hz, 2H), 6.90 (d, J =
8.8 Hz, 2H), 4.14 (d, J = 6.0 Hz, 2H), 3.85 (s, 3H), 3.59 (s, 1H), 3.25
(s, 1H), 2.75 (s, 1H), 2.66-1.57 (m, 6H), 1.27-1.25 (m, 3H).
3C NMR (100 MHz, CDCl) 5 174.2, 164.6, 163.6, 131.6, 121.8, 113.8, 60.7, 56.3, 55.6, 40.6, 27.8,
14.3.
HRMS (ESI) m/z calcd. for C16H»,0sN [M + H]* 308.1492, found 308.1491.

o 4-methoxypiperidin-1-yl 4-methoxybenzoate (2j)
}—@om (217 mg, 82% vyield).
OCN—O 1
/ 2 H NMR (400 MHz, CDCl3) 6 7.95 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8
Hz, 2H), 3.85 (s, 3H), 3.53 (s, 1H), 3.35 (s, 3H), 3.22 (s, 2H), 2.84 (s,

1H), 2.26-1.61 (m, 5H).
3C NMR (125 MHz, CDCl,) & 164.7, 163.5, 131.6, 121.9, 113.8, 56.1, 55.9, 55.6, 54.3, 52.3.
HRMS (ESI) m/z calcd. for C14H200.N [M + H]* 266.1387, found 266.1385.



3. General procedures for asymmetric diamination of unactivated alkenes

General procedures for asymmetric diamination of substrates 1la—1za, 1bb—1hh with 2c

R L TR’ 0 Cu(CHaCN)4BF4 (10 mol%) U o
REONTONTY S—pmp (S)-A4 (10 mol%) ; N" N
H H SN > ‘R2 A H
+ Q. NO 5A MS, 1,4-dioxane ~ r
2c 40°C,60h N
Ar 1 , ~
O\) 3A-3Ze

To an oven-dried resealable Schlenk tube equipped with a magnetic stir bar was added urea
substrate 1 (0.1 mmol, 1.0 equiv), Cu(CH;CN),BF; (3.1 mg, 0.01 mmol, 10 mol%), chiral
phosphoric acid (S)-A4 (6.2 mg, 0.01 mmol, 10 mol%), O-benzoyl hydroxylmorpholine 2¢ (0.15
mmol, 1.5 equiv) and activated 5 A molecular sieves (100 mg) under argon. Then 2.0 mL of
anhydrous 1,4-dioxane was added at room temperature and the sealed tube was stirred at 40 °C.
Upon completion (monitored by TLC), the solvent was removed in vacuo and the residue was
purified by silica gel chromatography (eluent: petroleum ether/EtOAc = 20/1 to 2/1) to afford the
desired product 3A-3Ze.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.

General procedures for asymmetric diamination of substrate 1h with 2e-2j

CFs CFs
o o Cu(CH3CN),4BF, (10 mol%) 0
g LY >\;pMp (S)-A4 (10 mol%) NJLN cF,
N N " N-O 5A MS, 1,4-dioxane o
R 2e-2j 40°C, 60 h R
N
Ph 1h R2 32f-3Zk

To an oven-dried resealable Schlenk tube equipped with a magnetic stir bar was added urea
substrate 1h (0.1 mmol, 1.0 equiv), Cu(CHsCN),BF; (3.1 mg, 0.01 mmol, 10 mol%), chiral
phosphoric acid (S)-A4 (6.2 mg, 0.01 mmol, 10 mol%), O-benzoylhydroxylamines 2e-2j (0.15
mmol, 1.5 equiv) and activated 5 A molecular sieves (100 mg) under argon. Then 2.0 mL of
anhydrous 1,4-dioxane was added at room temperature and the sealed tube was stirred at 40 °C.
Upon completion (monitored by TLC), the solvent was removed in vacuo and the residue was
purified by silica gel chromatography (eluent: petroleum ether/EtOAc = 20/1 to 2/1) to afford
desired products 3Zf-3Zk.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.



General procedures for preparation of racemic 3A-3Zk

O 7 ) 1 o 0 = |_R1
R2 JLN IR o Cu(CHCN)(BF, 20 mol%) N)L ]
H o

‘R2 N RS >\._PMP (PhO),P(O)OH (50 mol%) -, ”
+ N— Ar

R4 2 DCE, 40 °C, 60 h R3

A 1
' R  3A-3Zk

The racemic products 3A-3Zk were prepared by following similar procedures as described above
using Cu(CH3;CN)4BF, (6.2 mg, 0.02 mmol, 20 mol%) and diphenyl phosphate (12.5 mg, 0.05
mmol, 50 mol%) as catalyst at 60 °C in anhydrous DCE (2.0 mL) for 40 h. Upon completion
(monitored by TLC), the solvent was removed in vacuo and the residue was purified by silica gel
column chromatography (eluent: petroleum ether/EtOAc = 20/1 to 2/1) to give the racemic
products.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.

CF, (S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinomet
o hyl)-2-phenylpyrrolidine-1-carboxamide (3A)
NN CF3|  HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 97/3, flow rate 0.3
>CNS'Ph mL/min, A = 254 nm), tg (minor) = 24.78 min, tz (major) = 27.52 min.
o J 3A '"H NMR (500 MHz, CDCls) & 11.04 (s, 1H), 7.64 (s, 2H), 7.39 (s, 1H),
7.31-7.29 (m, 2H), 7.25-7.23 (m, 2H), 7.20-7.17 (m, 1H), 3.75 (d, J =11.0
Hz, 1H), 3.62 (d, J = 11.0 Hz, 1H), 3.60-3.46 (m, 4H), 3.41 (d, J = 15.0 Hz, 1H), 3.07 (d, J = 15.0
Hz, 1H), 2.77 (s, 2H), 2.70-2.68 (m, 2H), 2.18 (d, J = 13.5 Hz, 1H), 2.03 (d, J = 13.0 Hz, 1H), 1.26
(s, 3H), 1.02 (s, 3H).
¥C NMR (125 MHz, CDCl3) 5 160.0, 144.6, 141.0, 131.9 (q, J = 33.1 Hz), 129.0, 127.4, 125.8,
123.4 (q, J = 272.7 Hz), 119.0, 115.4, 71.0, 67.1, 66.6, 63.6, 58.8, 56.1, 35.2, 28.9, 28.3.
F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).
HRMS (ESI) m/z calcd. for CogHzoFgN3O, [M + H]* 530.2237, found 530.2232.
[a]p?’ = +19.8 (c 1.02, CH,CL,).

(S)-4,4-dimethyl-2-(morpholinomethyl)-2-phenyl-N-(3-(trifluoromethyl)

o @\ phenyl)pyrrolidine-1-carboxamide (3B)
>qJ\H CFs| HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.6
N \ 7" mL/min, A = 254 nm), tg (minor) = 40.19 min, tz (Major) = 45.44 min.
o) = '"H NMR (400 MHz, CDCl3) 5 10.64 (s, 1H), 7.52 (s, 1H), 7.32—7.24 (m, 6H),

7.21-7.16 (m, 2H), 3.75 (d, J = 11.0 Hz, 1H), 3.63 (d, J = 11.0 Hz, 1H), 3.54
(s, 4H), 3.40 (d, J = 15.0 Hz, 1H), 3.05 (d, J = 15.0 Hz, 1H), 2.73 (s, 2H), 2.68-2.64 (m, 2H), 2.15 (d,
J =13.0 Hz, 1H), 2.06 (d, J = 15.0 Hz, 1H), 1.25 (s, 3H), 1.00 (s, 3H).



¥C NMR (125 MHz, CDCls) & 156.1, 144.7, 131.0 (q, J = 32.0 Hz), 139.9, 129.2, 128.8, 127.2,
126.0, 124.1 (q, J = 272.4 Hz), 122.8, 118.9 (q, J = 3.8 Hz), 116.5 (q, J = 3.8 Hz), 70.9, 67.1, 66.6,
63.5, 58.7, 56.0, 35.1, 28.8, 28.3.

F NMR (376 MHz, CDCl3) & —62.9 (s, 3F).

HRMS (ESI) m/z calcd. for CpsHaiFsN3O, [M + H]™ 462.2363, found 462.2361.

[a]p?’ = +61.6 (c 0.55, CH,CL).

(S)-4,4-dimethyl-2-(morpholinomethyl)-2-phenyl-N-(4-(trifluoromethyl)
phenyl)pyrrolidine-1-carboxamide (3C)

HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 90/10, flow rate 0.5
mL/min, A = 254 nm), tg (minor) = 18.76 min, tg (major) = 21.88 min.

'H NMR (500 MHz, CDCl3) 8 10.51 (s, 1H), 7.41 (d, J = 8.5 Hz, 2H), 7.32—
7.26 (m, 5H), 7.20-7.18 (m, 1H), 3.76 (d, J = 11.0 Hz, 1H), 3.63 (d, J = 11.0
Hz, 1H), 3.58-3.55 (m, 4H), 3.40 (d, J = 15.0 Hz, 1H), 3.05 (d, J = 15.0 Hz, 1H), 2.75 (s, 2H), 2.69—
2.67 (m, 2H), 2.14 (d, J = 13.0 Hz, 1H), 2.05 (d, J = 10.0 Hz, 1H), 1.26 (s, 3H), 1.02 (s, 3H).

3C NMR (125 MHz, CDCly) d 155.8, 144.8, 142.7, 128.9, 127.2, 126.0 (q, J = 3.8 Hz), 125.9,
124.5 (q, J = 271.2 Hz), 123.9 (q, J = 32.6 Hz), 119.0, 71.0, 66.9, 66.7, 63.6, 58.7, 56.1, 35.1, 28.9,
28.4.

F NMR (376 MHz, CDCl;) 5 —61.8 (s, 3F).

HRMS (ESI) m/z calcd. for CpsHaFsNsO, [M + H]* 462.2363, found 462.2361.

[a]o?” = +28.8 (c 0.78, CH,CL).

i N Q/CFS
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(S)-N-(4-bromophenyl)-4,4-dimethyl-2-(morpholinomethyl)-2-phenylpy
rrolidine-1-carboxamide (3D)

HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 90/10, flow rate 0.4
mL/min, A = 254 nm), tg (minor) = 23.94 min, tg (Major) = 26.18 min.

'"H NMR (500 MHz, CDCl3) & 10.30 (s, 1H), 7.31-7.25 (m, 6H), 7.19 (t, J =
7.0 Hz, 1H), 7.05 (d, J = 8.0 Hz, 2H), 3.73 (d, J = 10.5 Hz, 1H), 3.61 (d, J =
11.0 Hz, 1H), 3.52 (s, 4H), 3.37 (d, J = 15.0 Hz, 1H), 3.02 (d, J = 15.0 Hz, 1H), 2.71 (s, 2H), 2.65—
2.62 (m, 2H), 2.12 (d, J = 13.0 Hz, 1H), 2.06 (s, 1H), 1.24 (s, 3H), 0.99 (s, 3H).

3C NMR (125 MHz, CDCl3) & 156.0, 144.9, 138.5, 131.7, 128.8 127.2, 126.1, 121.5, 114.9, 70.9,
67.0, 66.8, 63.6, 58.7, 56.0, 35.1, 28.9, 28.4.

HRMS (ESI) m/z calcd. for Cy4H3,BrN;O, [M + H]" 472.1594, found 472.1598.

[a]o?” = +15.6 (c 0.44, CH,CL,).

(S)-6-(morpholinomethyl)-6-phenyl-N-(3-(trifluoro-methyl)phenyl)-5-az

j)\ /(]\
N"ON CF

N 3
\''Ph

N
o) 3

aspiro[2.4]heptane-5-carboxamide (3E)

HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.6
mL/min, A = 254 nm), tg (Minor) = 19.75 min, tg (major) = 24.79 min.

'"H NMR (500 MHz, CDCl5) 8 9.88 (s, 1H), 7.38 (s, 1H), 7.33-7.28 (m, 4H),

7.23-7.14 (m, 3H), 7.11 (d, J = 7.0 Hz, 1H), 4.11 (d, J = 10.5 Hz, 1H), 3.67-3.52 (m, 4H), 3.43 (d, J
= 15.0 Hz, 1H), 3.39 (d, J = 11.0 Hz, 1H), 3.14 (d, J = 15.0 Hz, 1H), 2.85 (s, 2H), 2.80 (s, 2H), 2.35



(d, J = 13.0 Hz, 1H), 1.74 (d, J = 12.0 Hz, 1H), 0.78-0.74 (m, 1H), 0.67—0.60 (m, 2H), 0.51-0.47
(m, 1H).

¥C NMR (125 MHz, CDCl3) & 155.3, 144.1, 139.9, 131.0 (q, J = 32.0 Hz), 129.1, 129.0, 127.5,
125.7,124.1 (q, J = 272.4 Hz), 121.8, 118.6, 115.5, 71.7, 66.9, 64.9, 57.3, 56.4, 52.6, 18.8, 14.3,
6.9.

F NMR (376 MHz, CDCl3) 5 —62.6 (s, 3F).

HRMS (ESI) m/z calcd. for CasHagFsN3O, [M + H]™ 460.2206, found 460.2204.

[a]p?’ = +50.7 (c 0.58, CH,CL).

R (S)-7-(morpholinomethyl)-7-phenyl-N-(3-(trifluoro-methyl)phenyl)-6-az
N)kN/@CF aspiro[3.4]octane-6-carboxamide (3F)

<>C&'PhH HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.6

o\)" 3F mL/min, A = 254 nm), tg (minor) = 21.15 min, tg (major) = 28.94 min.

'"H NMR (500 MHz, CDCl3) 5 10.26 (s, 1H), 7.42 (s, 1H), 7.31-7.26 (m, 2H),

7.26-7.20 (m, 4H), 7.19-7.07 (m, 2H), 4.08-3.75 (m, 2H), 3.55 (s, 4H), 3.39 (d, J = 15.0 Hz, 1H),

2.85 (d, J = 15.0 Hz, 1H), 2.78 (s, 2H), 2.72 (s, 2H), 2.23-2.05 (m, 4H), 2.03-1.77 (m, 4H).

3C NMR (125 MHz, CDCl3) 5 155.8, 144.1, 139.9, 131.0 (q, J = 32.0 Hz), 129.2, 128.9, 127.3,

124.1 (q, J = 272.8 Hz), 122.2, 118.7 (q, J = 3.7 Hz), 115.9 (q, J = 3.8 Hz), 70.9, 66.8, 65.7, 61.8,

56.9, 56.2,42.1, 34.7, 31.2, 17.0.

F NMR (376 MHz, CDCl;) 5 —62.8 (s, 3F).

HRMS (ESI) m/z calcd. for CosHa1FsNsO, [M + H]* 474.2363, found 474.2361.

[a]o?” = +38.8 (c 0.82, CH,CL,).

(S)-3-(morpholinomethyl)-3-phenyl-N-(3-(trifluoro-methyl)phenyl)-2-
OCZJCLN/QCF3 azaspiro[4.6]Jundecane-2-carboxamide (3G)

L HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 95/5, flow rate 0.4

OJ‘ o mL/min, A = 254 nm), tg (minor) = 68.49 min, tg (Major) = 72.88 min.
'"H NMR (500 MHz, CDCl3) 8 10.56 (s, 1H), 7.52 (s, 1H), 7.35-7.24 (m,

6H), 7.21-7.14 (m, 2H),, 3.74 (d, J = 11.0 Hz, 1H), 3.64 (d, J = 11.0 Hz, 1H), 3.54 (m, 4H), 3.40 (d,
J = 15.0 Hz, 1H), 3.01 (d, J = 15.0 Hz, 1H), 2.73 (s, 2H), 2.67-2.65 (m, 2H), 2.28-2.05 (m, 2H),
1.96-1.82 (m, 1H), 1.70-1.32 (m, 10H), 1.30-1.04 (m, 1H).
3C NMR (125 MHz, CDCl3) & 156.1, 144.8, 140.0, 131.0 (q, J = 32.0 Hz), 129.2, 128.8, 127.1,
126.0, 124.2 (q, J = 272.4 Hz), 122.7, 118.9 (q, J = 3.7 Hz), 116.4 (g, J = 3.8 Hz), 70.8, 67.1, 66.7,
63.2,58.1,56.1, 42.1, 40.8, 40.4, 29.4, 29.3, 24.2, 23.9.
F NMR (376 MHz, CDCl3) 5 —62.7 (s, 3F).
HRMS (ESI) m/z calcd. for CeH37F3N3O, [M + H]* 516.2832, found 516.2833.
[a]p”” = +22.1 (c 1.17, CH,CL).




CF3

CF3|

(S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(morpholino-methyl)-3-phenyl
-2-azaspiro[4.4lnonane-2-carboxamide (3H)

HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 97/3, flow rate 0.3
mL/min, A = 254 nm), tg (minor) = 30.97 min, tg (major) = 36.12 min.

'H NMR (500 MHz, CDCls) 8 10.92 (s, 1H), 7.60 (s, 2H), 7.37 (s, 1H), 7.29
(t, J=7.5Hz, 2H), 7.24 (d, J = 7.5 Hz, 2H), 7.18 (t, J = 7.0 Hz, 1H), 3.73 (d,

J=11.0 Hz, 1H), 3.67 (d, J = 11.0 Hz, 1H), 3.55 (s, 4H), 3.42 (d, J = 15.0 Hz, 1H), 3.05 (d, J = 15.0
Hz, 1H), 2.80 (s, 2H), 2.74 (s, 2H), 2.33 (d, J = 13.0 Hz, 1H), 2.06 (d, J = 13.0 Hz, 1H), 1.98-1.79
(m, 1H), 1.79-1.44 (m, 7H).

¥C NMR (125 MHz, CDCly) & 155.9, 144.5, 141.0, 131.9 (q, J = 33.1 Hz), 129.0, 127.5, 125.7,
123.4 (q, J = 272.7 Hz), 118.8 (d, J = 3.2 Hz), 115.3 (t, J = 3.4 Hz), 70.8, 66.7, 66.2, 62.4, 56.9,
56.2, 46.3, 39.3, 38.2, 25.0, 24.3.

F NMR (376 MHz, CDCl;) 5 -63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CogHapFsN3O, [M + H]™ 556.2393, found 556.2392.

[a]p?” = +23.2 (c 0.94, CH,CL).
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(S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(morpholino-methyl)-3-pheny
|-2-azaspiro[4.5]decane-2-carboxamide (3I)

HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 97/3, flow rate 0.3
mL/min, A = 254 nm), tg (minor) = 32.81 min, tg (major) = 41.85 min.

'H NMR (500 MHz, CDCls) & 11.00 (s, 1H), 7.64 (s, 2H), 7.39 (s, 1H),

7.32-7.27 (m, 2H), 7.25-7.21 (m, 2H), 7.21-7.16 (m, 1H), 3.78-3.72 (m,
2H), 3.54 (s, 4H), 3.40 (d, J = 15.0 Hz, 1H), 3.00 (d, J = 15.0 Hz, 1H), 2.72 (s, 2H), 2.67-2.65 (m,
2H), 2.16 (d, J = 13.5 Hz, 1H), 2.11-1.93 (m, 1H), 1.74-1.63 (m, 1H), 1.57-1.42 (m, 4H), 1.41—
1.28 (m, 4H), 1.28-1.16 (m, 1H).

¥C NMR (125 MHz, CDCl3) 5 155.9, 144.6, 141.1, 131.9 (q, J = 33.1 Hz), 129.1, 127.4, 125.8,
123.4 (q, J = 272.7 Hz), 119.0 (d, J = 3.2 Hz), 115.4 (t, J = 3.4 Hz), 70.3, 67.5, 66.6, 61.1, 57.0,
56.1, 38.9, 37.9, 37.9, 25.9, 23.6, 23.5.

F NMR (376 MHz, CDCl3) 5 —62.9 (s, 6F).

HRMS (ESI) m/z calcd. for CgH34FgN3O, [M + H]* 570.2550, found 570.2553.

[a]p”’ = +14.7 (c 0.74, CH,CL,).

(S)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(morpholinomethyl)-2,4,4-triph

CF3

o enylpyrrolidine-1-carboxamide (3J)
Ph J
Phthn sl HpPLC analysis: Chiralcel ID (n-hexane/i-PrOH = 90/10, flow rate 0.6

mL/min, A = 254 nm), tg (minor) = 15.23 min, tg (major) = 18.95 min.

'H NMR (500 MHz, CDCls) & 11.07 (s, 1H), 7.55 (s, 2H), 7.44 (d, J = 7.5 Hz,
2H), 7.38 (s, 1H), 7.34 (t, 3 = 7.5 Hz, 2H), 7.29-7.23 (m, 5H), 7.20-7.14 (m,
6H), 5.10 (d, J = 10.5 Hz, 1H), 4.16 (d, J = 12.0 Hz, 1H), 3.71-3.19 (m, 4H), 3.10 (d, J = 15.0 Hz,
1H), 3.04 (d, J = 13.0 Hz, 1H), 2.87 (dd, J = 13.0, 1.5 Hz, 1H), 2.79-2.22 (m, 5H).

¥*C NMR (125 MHz, CDCl3) 5 156.1, 146.0, 145.3, 144.7, 140.7, 131.9 (q, J = 33.1 Hz), 129.3,

6
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129.0, 128.8, 127.6, 127.0, 126.8, 126.4, 126.1, 125.3, 123.3 (q, J = 272.7 Hz), 118.9 (d, J = 3.2
Hz), 115.5 (p, J = 3.8 Hz), 70.9, 66.5, 63.8, 58.6, 56.3, 55.9, 50.4.

F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CasHasFsN3O, [M + H]" 654.2546, found 654.2550.

[a]p?” = -114.7 (c 1.05, CH,CL).

CFy
- NJ\N . (S)-diethyl-1-((3,5-bis(trifluoromethyl)phenyl)carbamoyl)-5-
E,02C>C&,,PhH ' (morpholinomethyl)-5-phenylpyrrolidine-3,3-dicarboxylate (3K)
fN 3K HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
mL/min, A = 254 nm), tg (minor) = 29.30 min, tg (major) = 37.98 min.

'H NMR (500 MHz, CDCl3) 5 7.58 (s, 2H), 7.40 (s, 1H), 7.36=7.29 (m, 2H), 7.25-7.19 (m, 3H),
4.41 (d, J =12.0 Hz, 1H), 4.34 (d, J = 12.0 Hz, 1H), 4.32-4.23 (m, 2H), 4.13-3.91 (m, 2H), 3.55 (s,
4H), 3.41 (d, J = 15.0 Hz, 1H), 2.92 (d, J = 14.0 Hz, 1H), 2.86-2.78 (m, 2H), 2.74 (s, 2H), 2.67 (s,
2H), 1.31 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz, 3H).

3C NMR (125 MHz, CDCl3) 5 170.2, 169.1, 154.9, 142.5, 140.6, 132.0 (q, J = 33.2 Hz), 129.2,
128.1, 125.9, 123.3 (q, J = 272.7 Hz), 119.0 (d, J = 2.8 Hz), 115.8 (t, J = 3.4 Hz), 70.1, 66.7, 65.7,
62.6, 62.5, 56.3, 56.0, 55.1, 49.7, 14.2, 14.0.

F NMR (376 MHz, CDCl;) 5 -63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CaoH34FgN3Og [M + H]" 646.2346, found 646.2346.

[a]®” = +13.2 (c 1.38, CH,CL,).

(S)-2-(morpholinomethyl)-2-phenyl-N-(3-(trifluoro-methyl)phenyl)pyrro
Nj\NQ\CF Iidine-l-carbc_;xamit#e (3L) |

CS onf *l  HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 1.0
(N mL/min, A = 254 nm), tg (Minor) = 24.59 min, tg (major) = 26.94 min.
© 3 'H NMR (500 MHz, CDCl3) 5 9.91 (s, 1H), 7.42 (s, 1H), 7.33—7.26 (m, 4H),

7.24-7.17 (m, 3H), 7.14-7.10 (m, 1H), 4.04-3.89 (m, 1H), 3.81-3.74 (m,

1H), 3.65-3.53 (m, 4H), 3.46 (d, J = 15.0 Hz, 1H), 2.87-2.67 (m, 5H), 2.17-2.05 (m, 2H), 1.98—
1.83 (m, 2H).
3C NMR (125 MHz, CDCl3) & 155.4, 144.0, 140.0, 131.0 (q, J = 32.0 Hz), 129.1, 129.0, 127.5,
125.8, 124.1 (q, J = 272.8 Hz), 122.0, 118.7 (q, J = 3.7 Hz), 115.7 (q, J = 3.9 Hz), 70.1, 66.9, 65.6,
56.2, 50.1, 45.0, 22.1.
F NMR (376 MHz, CDCl;) 5 —62.8 (s, 3F).
HRMS (ESI) m/z calcd. for Cy3H,7F3N3z0, [M + H]+ 434.2050, found 434.2050.
[a]o?” = +42.6 (c 0.63, CH,CL,).




(S)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(morpholinomethyl)-2-phenylp
yrrolidine-1-carboxamide (3M)

NLH cr,| HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 90/10, flow rate 0.5
CS Ph mL/min, A = 254 nm), tg (major) = 18.42 min, tg (minor) = 23.66 min.
o\)N M '"H NMR (400 MHz, CDCl3) 5 10.36 (s, 1H), 7.54 (s, 2H), 7.35 (s, 1H), 7.30 (t,
J=7.6 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 3.94 (dd, J
=17.6, 9.6 Hz, 1H), 3.80-3.75 (m, 1H), 3.58 (s, 4H), 3.48 (d, J = 14.8 Hz, 1H), 2.82-2.78 (m, 5H),
2.28-2.02 (m, 2H), 2.01-1.92 (m, 2H).
3C NMR (125 MHz, CDCl3) 5 155.3, 143.8, 141.0, 131.9 (q, J = 32.8 Hz), 129.2, 127.6, 125.6,
123.4 (q, J =272.2 Hz), 118.3, 115.2, 70.3, 66.9, 65.6, 56.3, 50.1, 45.0, 22.1.
F NMR (376 MHz, CDCl;) 5 -63.1 (s, 6F).
HRMS (ESI) m/z calcd. for CpqHpsFsN3O, [M + H]* 502.1924, found 502.1921.
[a]o?” = +28.9 (c 0.54, CH,CL).

CF3

(S)-2-(morpholinomethyl)-2-(m-tolyl)-N-(3-(trifluoromethyl)phenyl)pyrr
o QCF3 olidine-1-carboxamide (3N)
N>\\NH HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 1.0
ﬁ%@ mL/min, A = 254 nm), tg (Minor) = 16.38 min, tg (Major) = 19.22 min.
o o '"H NMR (500 MHz, CDCl;) & 9.86 (s, 1H), 7.36 (s, 1H), 7.22 (d, J = 4.5 Hz,
2H), 7.18 (t, J = 7.5 Hz, 1H), 7.12 (d, J = 5.0 Hz, 1H), 7.06 (d, J = 8.0 Hz,
2H), 6.98 (d, J = 7.5 Hz, 1H), 3.93 (dd, J = 18.5, 8.5 Hz, 1H), 3.78-3.74 (m, 1H), 3.58 (s, 4H), 3.43
(d, J = 14.5 Hz, 1H), 2.86-2.66 (m, 5H), 2.25 (s, 3H), 2.17-2.02 (m, 2H), 2.01-1.85 (m, 2H).
3C NMR (125 MHz, CDCl3) & 155.5, 143.9, 140.1, 138.7, 131.0 (q, J = 32.5 Hz), 129.1, 128.8,
128.2, 126.5, 124.1 (q, J = 272.2 Hz), 122.8, 122.0, 118.6 (g, J = 3.8 Hz), 115.67 (q, J = 3.8 H2),
70.0, 66.9, 65.6, 56.2, 50.0, 44.8, 22.1, 21.7.
F NMR (376 MHz, CDCl;) 5 —62.8 (s, 3F).
HRMS (ESI) m/z calcd. for CpqHaoFsN3O, [M + H]* 448.2206, found 448.2205.
[a]o?” = +22.5 (c 1.09, CH,CL).

(S)-2-(morpholinomethyl)-2-(p-tolyl)-N-(3-(trifluoromethyl)phenyl)pyrro
o CFs| lidine-1-carboxamide (30)
N HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 1.0
B ©\ mL/min, A = 254 nm), tg (major) = 19.80 min, tg (minor) = 27.46 min.
o 30 'H NMR (500 MHz, CDCl;) 5 9.87 (s, 1H), 7.34 (s, 1H), 7.29-7.26 (m, 1H),

7.23 (t, J = 7.5 Hz, 1H), 7.16-7.07 (m, 5H), 3.92 (dd, J = 18.5, 8.0 Hz, 1H),
3.79-3.71 (m, 1H), 3.57 (s, 4H), 3.42 (d, J = 14.5 Hz, 1H), 2.82—2.63 (m, 5H), 2.26 (s, 3H), 2.13—
2.04 (m, 2H), 1.99-1.83 (m, 2H).

*C NMR (125 MHz, CDCl;) 5 155.5, 140.8, 140.0, 137.2, 131.0 (q, J = 32.5 Hz), 129.7, 129.2,
125.7,124.2 (q, J = 272.2 Hz), 122.3, 118.7 (q, J = 3.8 Hz), 115.9 (q, J = 3.8 Hz), 69.9, 66.9, 65.7,
56.2, 50.1, 45.0, 22.0, 20.9.

F NMR (376 MHz, CDCl;) 5 -62.8 (s, 3F).



HRMS (ESI) m/z calcd. for CaqHagFsNzO, [M + H]* 448.2206, found 448.2205.
[a]o?” = +18.1 (c 0.66, CH,CL,).

G (S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinometh
o y)-2-(p-tolyl)pyrrolidine-1-carboxamide (3P)
o 3
N)\\N HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 95/5, flow rate 0.35
>CS mL/min, A = 254 nm), tg (minor) = 19.93 min, tg (major) = 21.16 min.
OJ ap '"H NMR (500 MHz, CDCl;) 8 10.98 (s, 1H) 7.63 (s, 2H), 7.39 (s, 1H), 7.14—

7.07 (m, 4H), 3.74 (d, J = 11.0 Hz, 1H), 3.60 (d, J = 11.0 Hz, 1H), 3.54 (s,
4H), 3.37 (d, J = 15.0 Hz, 1H), 3.05 (d, J = 15.0 Hz, 1H), 2.75 (s, 2H), 2.69 (s, 2H), 2.26 (s, 3H),
2.15 (d, J = 13.5 Hz, 1H), 2.00 (d, J = 12.5 Hz, 1H), 1.25 (s, 3H), 1.01 (s, 3H).

¥C NMR (125 MHz, CDCl3) & 156.0, 141.5, 141.1, 137.2, 131.9 (q, J = 33.1 Hz), 129.7, 125.8,
123.4 (g, J = 273.3 Hz), 119.1 (d, J = 3.0 Hz), 115.4 (t, J = 3.8 Hz), 70.9, 67.2, 66.7, 63.5, 58.8,
56.1, 35.1, 28.9, 28.4, 20.8.

F NMR (376 MHz, CDCl3) 5 -63.1 (s, 6F).

HRMS (ESI) m/z calcd. for Co7HsFsN3O, [M + H]™ 544.2393, found 544.2395.

[a]p?’ = +11.9 (c 1.08, CH,Cl,).

(S)-N-(3-bromophenyl)-4,4-dimethyl-2-(morpholinomethyl)-2-(p-tolyl)p
0 8 | yrrolidine-1-carboxamide (3Q)
N>\\N
>CS HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.6
0\)" % mL/min, A = 254 nm), tg (minor) = 22.98 min, tg (Major) = 27.64 min.
'"H NMR (500 MHz, CDCl3) & 10.33 (s, 1H), 7.47 (s, 1H), 7.14 (d, J = 8.0 Hz,

2H), 7.10 (d, J = 8.0 Hz, 2H), 7.04—7.00 (m, 3H), 3.71 (d, J = 10.5 Hz, 1H),
3.62-3.47 (m, 5H), 3.33 (d, J = 15.0 Hz, 1H), 2.99 (d, J = 15.0 Hz, 1H), 2.68 (s, 2H), 2.64—2.61 (m,
2H), 2.29 (s, 3H), 2.10 (d, J = 12.5 Hz, 1H), 2.04 (s, 1H), 1.22 (s, 3H), 0.97 (s, 3H).

¥C NMR (125 MHz, CDCl,) & 155.9, 141.6, 140.9, 136.9, 130.0, 129.5, 126.0, 125.3, 122.9, 122.5,
118.4, 70.6, 67.3, 66.7, 63.5, 58.8, 56.0, 35.0, 28.9, 28.4, 21.0.

HRMS (ESI) m/z calcd. for CpsH33BrNsO, [M + H]" 486.1751, found 486.1754.

[a]o?’ = +20.3 (c 0.60, CH,CL,).

(S)-N-(3-bromophenyl)-4,4-dimethyl-2-(morpholinomethyl)-2-(m-tolyl)p
0 B | yrrolidine-1-carboxamide (3R)
N)\\N
>CS HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.6
@‘ Q mL/min, A = 254 nm), tg (minor) = 19.02 min, tg (major) = 25.10 min.
R 'H NMR (500 MHz, CDCl3) 5 10.28 (s, 1H), 7.46 (s, 1H), 7.22—7.15 (m, 1H),

7.08-6.98 (m, 6H), 3.72 (d, J = 11.0 Hz, 1H), 3.60 (d, J = 11.0 Hz, 1H), 3.55
(s, 4H), 3.35 (d, J = 15.0 Hz, 1H), 3.00 (d, J = 15.0 Hz, 1H), 2.69 (s, 2H), 2.65-2.58 (m, 2H), 2.29
(s, 3H), 2.12 (d, J = 13.0 Hz, 1H), 2.06 (s, 1H), 1.23 (s, 3H), 0.99 (s, 3H).
3C NMR (125 MHz, CDCl,) 5 156.0, 144.6, 140.9, 138.5, 130.0, 128.7, 127.9, 126.8, 125.3, 123.2,
122.8, 122.5, 118.3, 70.7, 67.3, 66.8, 63.5, 58.6, 56.0, 35.1, 28.9, 28.4, 21.8.



HRMS (ESI) m/z calcd. for C,sHssBrN3O, [M + H]* 486.1751, found 486.1754.
[a]o”” = +28.0 (c 0.54, CH,Cl,).

F.C (S)-2-([1,1'-biphenyl]-4-yl)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimet
o hyl-2-(morpholinomethyl)pyrrolidine-1-carboxamide (3S)
[0} 3
>q>\\’“ HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 97/3, flow rate 0.3
B Ph mL/min, A = 254 nm), tg (major) = 37.58 min, tg (minor) = 42.29 min.
ot s 'H NMR (500 MHz, CDCl5) 8 11.15 (s, 1H), 7.70 (s, 2H), 7.55—7.50 (m, 4H),

7.43-7.39 (m, 3H), 7.35-7.31 (m, 3H), 3.79 (d, J = 10.5 Hz, 1H), 3.65 (d, J
=11.0 Hz, 1H), 3.57 (s, 4H), 3.45 (d, J = 15.0 Hz, 1H), 3.11 (d, J = 15.0 Hz, 1H), 2.79 (s, 2H), 2.74
(s, 2H), 2.21 (d, J = 13.0 Hz, 1H), 2.07 (s, 1H), 1.28 (s, 3H), 1.05 (s, 3H).
¥C NMR (125 MHz, CDCl;) & 156.0, 143.6, 141.0, 140.3, 140.0, 132.0 (q, J = 33.1 Hz), 128.9,
127.7, 127.6, 127.0, 126.3, 123.4 (q, J = 272.7 Hz), 119.0 (d, J = 3.2 Hz), 115.5, 70.9, 67.3, 66.6,
63.6, 58.9, 56.1, 35.3, 28.9, 28.4.
F NMR (376 MHz, CDCl3) 5 —63.0 (s, 6F).
HRMS (ESI) m/z calcd. for Ca,HasFsN3O, [M + H]™ 606.2250, found 606.2253.
[a]®’ = +9.2 (c 1.25, CH,CL).

F.C (S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinometh
QCF yl)-2-(naphthalen-2-yl)pyrrolidine-1-carboxamide (3T)

N)\\N HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
rrrr O mL/min, A = 254 nm), tg (minor) = 13.12 min, tg (major) = 14.75 min.
OJ' Q 'H NMR (500 MHz, CDCl5) 8 11.22 (s, 1H), 7.79-7.71 (m, 4H), 7.61 (s, 2H),
3T

7.50—7.44 (m, 2H), 7.33-7.29 (m, 2H), 3.83 (d, J = 11.0 Hz, 1H), 3.68 (d, J =
11.0 Hz, 1H), 3.54 (d, J = 15.0 Hz, 5H), 3.17 (d, J = 15.0 Hz, 1H), 2.78 (s, 2H), 2.72 (s, 2H), 2.28 (d,
J =13.5Hz, 1H), 2.10 (d, J = 12.0 Hz, 1H), 1.29 (s, 3H), 1.01 (s, 3H).

¥C NMR (125 MHz, CDCl3) 5 156.0, 141.5, 141.0, 133.0, 132.3, 131.9 (q, J = 33.1 Hz), 129.3,
128.0, 127.6, 127.0, 126.6, 124.5, 124.1, 123.3 (q, J = 272.8 Hz), 119.1 (d, J = 2.9 Hz), 115.4, 71.1,
67.6, 66.6, 63.6, 58.6, 56.1, 35.2, 29.0, 28.3.

F NMR (376 MHz, CDCl3) —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CaoH3,FgN3O, [M + H]* 580.2393, found 580.2397.

[a]o?” = +38.8 (c 1.02, CH,CL,).

(S)-2-(3-fluorophenyl)-4,4-dimethyl-2-(morpholinomethyl)-N-(3-(trifluor

o QCFS omethyl)phenyl)pyrrolidine-1-carboxamide (3U)

N)\\N HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.6
>CNS mL/min, A = 254 nm), tg (minor) = 18.60 min, tg (Major) = 20.03 min.
ot F '"H NMR (400 MHz, CDClg) 8 7.54 (s, 1H), 7.39-7.23 (m, 3H), 7.19 (d, J =

7.6 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 7.00 (dt, J = 10.8, 2.0 Hz, 1H), 6.90 (td,
J=8.0, 2.0 Hz, 1H), 3.72 (d, J = 10.8 Hz, 1H), 3.62 (d, J = 10.8 Hz, 1H), 3,57 (s, 4H), 3.37 (d, J =
14.8 Hz, 1H), 3.04 (d, J = 14.8 Hz, 1H), 2.74 (s, 2H), 2.69-2.64 (m, 2H), 2.10 (s, 2H), 1.25 (s, 3H),



1.01 (s, 3H).

¥C NMR (125 MHz, CDCl5) & 163.1 (d, J = 246.6 Hz), 155.7, 148.0, 147.9, 139.9, 131.2 (q, J =
32.1 Hz), 130.5 (d, J = 5.4 Hz), 129.3, 124.1 (q, J = 272.4 Hz), 122.7, 119.2 (d, J = 3.4 Hz), 116.4
(9, J = 3.9 Hz), 114.1 (d, J = 20.9 Hz), 113.4 (d, J = 22.9 Hz), 70.8, 66.7, 63.5, 58.6, 56.1, 35.3,
28.8, 28.3.

F NMR (376 MHz, CDCl3) —62.6 (s, 3F), —111.4 (s, 1F).

HRMS (ESI) m/z calcd. for CpsHsoF4N3O, [M + H]" 480.2269, found 480.2269.

[a]p?’ = +10.2 (c 0.82, CH,CL).

(S)-2-(3-bromophenyl)-4,4-dimethyl-2-(morpholinomethyl)-N-(3-(trifluo

o Qcpa romethyl)phenyl)pyrrolidine-1-carboxamide (3V)

N)\N HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
>CNS mL/min, A = 254 nm), tg (Major) = 25.26 min, tg (Minor) = 28.18 min.
o & 'H NMR (500 MHz, CDCl3) 5 10.63 (s, 1H), 7.56 (s, 1H), 7.44 (t, J = 1.7 Hz,

1H), 7.40-7.27 (m, 3H), 7.21 (d, J = 8.0 Hz, 2H), 7.16 (t, J = 8.0 Hz, 1H),
3.72 (d, J = 9.5 Hz, 1H), 3.65-3.45 (m, 5H), 3.37 (d, J = 15.0 Hz, 1H), 3.03 (d, J = 14.5 Hz, 1H),
2.73 (s, 2H), 2.67-2.63 (m, 2H), 2.10 (s, 2H), 1.24 (s, 3H), 1.01 (s, 3H).

¥C NMR (125 MHz, CDCly) & 155.7, 147.4, 139.8, 131.2 (q, J = 32.1 Hz), 130.5, 130.2, 129.3,
126.1, 124.8, 124.1 (q, J = 272.4 Hz), 122.8, 119.2 (d, J = 3.4 Hz), 119.0, 116.5 (g, J = 3.8 Hz),
70.7, 66.8, 63.4, 58.4, 56.1, 35.4, 28.7, 28.3.

F NMR (376 MHz, CDCl,) —-62.7 (s, 3F).

HRMS (ESI) m/z calcd. for CpsHsoBrFsN3O, [M + H]* 540.1468, found 540.1473.

[a]p?” = +11.7 (c 0.85, CH,Cl,).

FiC (S)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(3-(5,5-dimethyl-1,3-dioxan-2-yl
o oF, )phenyl)-4,4-dimethyl-2-(morpholino-methyl)pyrrolidine-1-carboxamide
NN (3W)
>CS HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
Q 0 mL/min, A = 254 nm), tg (Minor) = 13.17 min, tg (major) = 14.88 min.
3w kK 'H NMR (400 MHz, CDCl3) & 10.82 (s, 1H), 7.65 (s, 2H), 7.57 (s, 1H), 7.36 (s,

1H), 7.29-7.17 (m, 3H), 5.29 (s, 1H), 3.78-3.68 (m, 3H), 3.63-3.50 (m, 7H),
3.42 (d, J = 15.2 Hz, 1H), 3.08 (d, J = 14.8 Hz, 1H), 2.79 (s, 4H), 2.24 (d, J = 13.6 Hz, 1H), 2.02 (d,
J =13.6 Hz, 1H), 1.29 (s, 3H), 1.22 (s, 3H), 1.08 (s, 3H), 0.79 (s, 3H).

*C NMR (125 MHz, CDCl3) 5 155.9, 145.3, 140.9, 139.0, 131.8 (q, J = 33.0 Hz), 129.4, 126.6,
125.7, 123.5, 123.4 (q, J = 272.7 Hz), 118.8 (q, J = 3.0 Hz), 115.2, 101.7, 77.8, 70.8, 66.7, 63.7,
58.3, 56.1, 35.3, 30.3, 29.0, 28.4, 23.0, 21.9.

F NMR (376 MHz, CDCl3) —63.0 (s, 6F).

HRMS (ESI) m/z calcd. for C3,H4oFsN3O4 [M + H]" 644.2918, found 644.2900.

[a]o?’ = +43.8 (c 1.03, CH,CL,).



(S)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(3-formylphenyl)-4,4-dimethyl-
2-(morpholinomethyl)pyrrolidine-1-carboxamide (3X)

HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 90/10, flow rate 0.5
mL/min, A = 254 nm), tg (major) = 15.72 min, tg (minor) = 21.77 min.

'H NMR (500 MHz, CDCI3) & 11.12 (s, 1H), 9.97 (s, 1H), 7.84 (s, 1H), 7.69
(d, J=7.0 Hz, 1H), 7.61 (s, 2H), 7.51-7.46 (m, 2H), 7.43-7.37 (m, 1H), 3.75

(s, 1H), 3.71-3.45 (m, 6H), 3.12 (d, J = 12.8 Hz, 1H), 2.82 (s, 2H), 2.74 (s, 2H), 2.17-2.04 (m, 2H),
1.29 (s, 3H), 1.04 (s, 3H).

3C NMR (125 MHz, CDCl5) 5 191.9, 155.6, 146.5, 140.8, 136.6, 132.1 (q, J = 33.3 Hz), 132.0(5),
130.1, 127.2, 125.3, 123.3 (q, J = 272.7 Hz), 118.7, 115.7, 70.9, 66.7, 63.6, 58.6, 56.2, 44.4, 35.6,

28.8, 28.3.

F NMR (376 MHz, CDCl;) —63.1 (s, 6F).
HRMS (ESI) m/z calcd. for C»7H3oFsN3O3 [M + H]* 558.2186, found 558.2189.
[a]p?” = +45.6 (c 0.97, CH,CL).

o) CFs3

CO,Et
0. 3y 2

(S)-Ethyl3-(1-((3,5-bis(trifluoromethyl)phenyl)carbamoyl)-4,4-dimethyl
-2-(morpholinomethyl)pyrrolidin-2-yl)benzoate (3Y)

HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
mL/min, A = 230 nm), tg (Minor) = 14.59 min, tg (major) = 15.96 min.

'H NMR (400 MHz, CDCl3) & 11.09 (s, 1H), 8.03 (s, 1H), 7.84 (d, J = 7.6 Hz,
1H), 7.61 (s, 2H), 7.44-7.30 (m, 3H), 4.36 (9, J = 7.2 Hz, 2H), 3.76 (d, J =

10.8 Hz, 1H), 3.62-3.45 (m, 6H), 3.11 (d, J = 15.1 Hz, 1H), 2.83 (s, 2H), 2.77 (s, 2H), 2.18 (d, J =
13.6 Hz, 1H), 2.06 (s, 1H), 1.35 (t, J = 7.2 Hz, 3H), 1.29 (s, 3H), 1.06 (s, 3H).

¥C NMR (125 MHz, CDCl3) 5 166.2, 155.8, 145.6, 140.9, 132.0 (q, J = 33.1 Hz), 130.7, 130.5,
129.7,128.5, 126.7, 123.3 (q, J = 272.7 Hz), 118.6, 115.4, 70.9, 66.7, 63.6, 61.4, 58.5, 56.1, 35.5,
28.9, 28.4, 14.3.

F NMR (376 MHz, CDCl,) —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CagHasFsN3O, [M + H]™ 602.2448, found 602.2449.

[a]o?” = +19.6 (c 0.53, CH,CL).

(S,E)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinoet

i hyl)-2-(3-styrylphenyl)pyrrolidine-1-carboxamide (32)
Ni\\N o HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
>CS mL/min, A = 320 nm), tg (minor) = 15.45 min, tg (major) = 19.34 min.
OJ‘ Q '"H NMR (500 MHz, CDCl5) & 11.16 (s, 1H), 7.70 (s, 2H), 7.44 (d, J = 7.5 Hz,
3Z Ph

2H), 7.40-7.23 (m, 7H), 7.14 (d, J = 8.0 Hz, 1H), 7.04-6.92 (m, 2H), 3.79
(d, J = 11.0 Hz, 1H), 3.64 (d, J = 11.0 Hz, 1H), 3.56 (s, 4H), 3.44 (d, J = 15.0 Hz, 1H), 3.10 (d, J =
15.0 Hz, 1H), 2.77 (s, 2H), 2.74-2.65 (m, 2H), 2.22 (d, J = 13.5 Hz, 1H), 2.08 (s, 1H), 1.27 (s, 3H),
1.03 (s, 3H).

3C NMR (125 MHz, CDCly) & 156.0, 145.0, 141.1, 138.2, 136.9, 132.0 (q, J = 33.1 Hz), 129.8,
129.3, 128.8, 128.0, 126.7, 125.2, 125.0, 124.3, 123.4 (q, J = 272.7 Hz), 119.1 (d, J = 3.1 Hz),



115.5, 71.0, 67.7, 66.6, 63.5, 58.8, 56.1, 35.2, 28.9, 28.3.

F NMR (376 MHz, CDCl;) —-63.0 (s, 6F).

HRMS (ESI) m/z calcd. for Ca4HssFsN3O, [M + H]" 632.2706, found 632.2707.
[a]o?’ = +7.6 (c 0.85, CH,CL,).

FC (S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinome
. Qca thyl)-2-(3-(phenylethynyl)phenyl)pyro-lidine-1-carboxamide (3Za)
NN HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
>CS mL/min, A = 254 nm), tg (minor) = 12.87 min, tg (major) = 14.39 min.
O \ '"H NMR (400 MHz, CDCl3) & 11.18 (s, 1H), 7.73 (s, 2H), 7.51-7.49 (m,
A 2H), 7.43 (d, J = 6.8 Hz, 2H), 7.40-7.32 (m, 4H), 7.28 (t, J = 8.0 Hz, 1H),
7.21 (d, J = 8.0 Hz, 1H), 3.76 (d, J = 11.2 Hz, 1H), 3.63 (d, J = 11.2 Hz,
1H), 3.57 (s, 4H), 3.42 (d, J = 15.2 Hz, 1H), 3.08 (d, J = 14.8 Hz, 1H), 2.75 (s, 2H), 2.70-2.66 (m,
2H), 2.20 (d, J = 13.2 Hz, 1H), 2.11-2.01 (m, 1H), 1.26 (s, 3H), 1.02 (s, 3H).
3C NMR (125 MHz, CDCl;) 5 155.8, 144.9, 141.0, 132.1 (g, J = 33.1 Hz), 131.8, 130.6, 129.1(1),
129.0(7), 128.7, 128.5, 125.9, 124.1, 123.4 (q, J = 272.8 Hz), 122.9, 119.2 (q, J = 3.2 Hz), 115.6,
90.1, 88.7, 70.7, 67.6, 66.6, 63.5, 58.8, 56.1, 35.2, 28.8, 28.3.
F NMR (376 MHz, CDCl;) —63.0 (s, 6F).
HRMS (ESI) m/z calcd. for Ca4H34FsN3O- [[M + H]* 630.2550, found 630.2549.
[a]o?” = +39.5 (c 0.65, CH,CL).

CF, (S,E)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinom
o ethyl)-2-styrylpyrrolidine-1-carboxamide (3Zb)

N)LN CFs| HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 98/2, flow rate 0.4
>C&/\L mL/min, A = 254 nm), tg (minor) = 19.88 min, tg (major) = 22.89 min.
fN 3z§h 'H NMR (500 MHz, CDCl3) 8 11.08 (s, 1H), 7.93 (s, 2H), 7.44 (s, 1H),
7.31-7.27 (m, 2H), 7.25 (d, J = 9.1 Hz, 3H), 6.47 (d, J = 16.4 Hz, 1H), 6.32
(d, J =15.6 Hz, 1H), 3.81 (d, J = 10.1 Hz, 1H), 3.69-3.56 (m, 4H), 3.37 (d, J = 11.1 Hz, 1H), 3.03 (d,
J = 14.5 Hz, 1H), 2.90 (d, J = 14.6 Hz, 1H), 2.80 (s, 2H), 2.75 (s, 2H), 2.05 (d, J = 13.1 Hz, 1H),
1.89 (d, J = 11.8 Hz, 1H), 1.19 (s, 3H), 1.13 (s, 3H).
3C NMR (125 MHz, CDCl3) & 155.2, 141.2, 136.0, 133.4, 132.1 (q, J = 33.2 Hz), 129.3, 128.9,
128.1, 126.2, 123.3 (g, J = 270.8 Hz), 119.0, 115.4, 68.5, 68.2, 66.6, 61.5, 56.0, 55.6, 35.3, 28.0,
27.9.
F NMR (376 MHz, CDCl;) 5 —63.1 (s, 6F).
HRMS (ESI) m/z calcd. for CgH3,FgN3O, [M + H]* 556.2393, found 556.2391.
[a]o?” = +10.2 (c 0.52, CH,CL,).
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(S,E)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinomet
hyl)-2-(3-phenylprop-1-en-1-yl)pyrrolidine-1-carboxamide (3Zc)
HPLC analysis: Chiralcel ASH (n-hexane/i-PrOH = 92/8, flow rate 0.5
mL/min, A = 254 nm), tg (major) = 9.50 min, tg (minor) = 12.38 min.
'H NMR (500 MHz, CDCl3) & 10.88 (s, 1H), 7.93 (s, 2H), 7.46 (s, 1H),
7.21-7.12 (m, 3H), 7.03 (d, J = 7.0 Hz, 2H), 5.81-5.70 (m, 1H), 5.66 (d, J =

15.8 Hz, 1H), 3.73 (d, J = 10.9 Hz, 1H), 3.65-3.47 (m, 4H), 3.34 (d, J = 5.8 Hz, 2H), 3.31 (d, J =
11.1 Hz, 1H), 2.82 (d, J = 14.3 Hz, 1H), 2.75 (d, J = 14.6 Hz, 1H), 2.63 (s, 4H), 1.95 (d, J = 13.0 Hz,
1H), 1.78 (d, J = 12.8 Hz, 1H), 1.15 (s, 3H), 1.11 (s, 3H).

3C NMR (125 MHz, CDCl3) 5 155.0, 141.4, 139.4, 134.8, 132.0 (q, J = 33.2 Hz), 129.5, 128.6,
128.2, 126.5, 123.4 (g, J = 272.8 Hz), 118.5, 115.1, 68.4, 67.9, 66.4, 61.5, 56.0, 55.7, 38.8, 35.0,

28.0, 27.9.

F NMR (376 MHz, CDCl3) 5 -62.9 (s, 6F).
HRMS (ESI) m/z calcd. for CagHasFsN3O, [M + H]" 570.2550, found 570.2546.
[a]p?” = +48.9 (c 0.50, CH,CL,).

(S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(morpholinomet
hyl)-2-(quinolin-6-yl)pyrrolidine-1-carboxamide (3zd)

HPLC analysis: Chiralcel IC (n-hexane/i-PrOH = 85/15, flow rate 0.5
mL/min, A = 254 nm), tg (major) = 21.71 min, tg (Minor) = 24.45 min.

'"H NMR (500 MHz, CDCl3) & 11.39 (s, 1H), 8.89 (s, 1H), 8.06 (t, J = 8.4 Hz,
2H), 7.69 (s, 1H), 7.65 (s, 2H), 7.58 (d, J = 8.8 Hz, 1H), 7.41 (dd, J = 8.2,

4.1 Hz, 1H), 7.37 (s, 1H), 3.82 (d, J = 7.7 Hz, 1H), 3.69 (d, J = 11.0 Hz, 1H), 3.56 (s, 1H), 3.53 (s,
4H), 3.18 (d, J = 14.9 Hz, 1H), 2.76 (s, 2H), 2.68 (dd, J = 10.1, 5.2 Hz, 2H), 2.27 (d, J = 13.1 Hz,
1H), 2.15 (d, J = 20.6 Hz, 1H), 1.27 (s, 3H), 0.98 (s, 3H)..

3C NMR (125 MHz, CDCl3) & 155.7, 151.0, 147.1, 142.3, 140.8, 136.0, 131.9 (q, J = 33.2 Hz),
130.4, 127.9, 127.8, 126.4, 124.4, 123.1 (q, J = 272.8 Hz), 119.0, 115.6, 70.7, 67.9, 66.4, 63.4,
58.6, 55.9, 35.1, 28.8, 28.1.

F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CygH31FsN4O2 [M + H]+ 581.2346, found 581.2341.

[a]o?" = +8.7 (c 1.00, CH,CL).

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(furan-2-yl)-4,4-dimethyl-2-(m
orpholinomethyl)pyrrolidine-1-carboxamide (3ze)

HPLC analysis: Chiralcel IC (n-hexane/i-PrOH = 98/2, flow rate 0.5 mL/min,
A =254 nm), tg (Mmajor) = 22.55 min, tg (Minor) = 24.40 min.

'H NMR (500 MHz, CDCl3) 5 11.15 (s, 1H), 7.82 (s, 2H), 7.42 (s, 1H), 7.29
(d, J=1.1Hz, 1H), 6.31-6.25 (m, 1H), 6.20 (d, J = 3.3 Hz, 1H), 3.74 (d, J =
10.9 Hz, 1H), 3.61 (dd, J = 6.0, 2.9 Hz, 4H), 3.44 (d, J = 10.9 Hz, 1H), 3.16



(d, J = 14.6 Hz, 1H), 2.97 (d, J = 14.6 Hz, 1H), 2.76 (s, 2H), 2.63-2.51 (m, 2H), 2.27 (d, J = 13.2 Hz,
1H), 1.84 (d, J = 13.2 Hz, 1H), 1.22 (s, 3H), 1.06 (s, 3H).

¥C NMR (125 MHz, CDCl3) & 155.5, 141.9, 141.1, 131.9 (q, J = 33.1 Hz), 123.3 (q, J = 272.7 Hz),
118.81, 118.79, 115.3, 110.7, 106.9, 66.9, 66.5, 66.3, 62.3, 55.5, 54.3, 34.9, 28.2, 27.5.

F NMR (376 MHz, CDCl3) & —63.0 (s, 6F).

HRMS (ESI) m/z calcd. for C,4HsFsN3O3 [M + H]" 520.2029, found 520.2027.

[a]o?” = +8.9 (c 1.00, CH,CL,).

oF (S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-phenyl-3-(piperidin-1-ylme
o thyl)-2-azaspiro[4.4lnonane-2-carboxamide (3Zf)
N)kN cr, | HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.3
OCS"PhH mL/min, A = 254 nm), tg (minor) = 12.29 min, tg (major) = 13.24 min.
O‘ - '"H NMR (500 MHz, CDCl3) & 11.60 (s, 1H) 7.66 (s, 2H), 7.33 (s, 1H),

7.30-7.22 (m, 4H), 7.18-7.13 (m, 1H), 3.72 (d, J = 11.0 Hz, 1H), 3.68 (d,
J =11.5 Hz, 1H), 3.38 (d, J = 15.0 Hz, 1H), 2.99 (d, J = 15.0 Hz, 1H), 2.71 (s, 3H), 2.30 (d, J = 13.5
Hz, 1H), 2.01 (d, J = 13.0 Hz, 1H), 1.96-1.88 (m, 1H), 1.79-1.33 (m, 14H).

¥C NMR (125 MHz, CDCly) & 156.3, 145.1, 141.5, 131.7 (q, J = 32.9 Hz), 128.9, 127.2, 125.7,
123.5(q, J = 272.6 Hz), 118.6 (d, J = 3.2 Hz), 114.8, 70.9, 66.2, 62.4, 57.3, 57.0, 46.3, 39.3, 38.1,
25.7, 25.1, 24.3, 23.5.

F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for C»gH3sON3Fg [M + H]* 554.2601, found 554.2601.

[a]o®” = +12.8 (c 0.72, CH,CL).

CF3 (S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-((4-methoxy-piperidin-1-yl)
i methyl)-3-phenyl-2-azaspiro[4.4]nonane-2-carboxamide (3Zg)
OCE" N CFs|  HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 97/3, flow rate 0.3
N o mL/min, A = 254 nm), tg (minor) = 21.39 min, tg (major) = 24.24 min.
O/Q 329 'H NMR (400 MHz, CDCl3) 8 11.42 (s, 1H) 7.60 (s, 2H), 7.35 (s, 1H),

7.32-7.25 (m, 4H), 7.18 (t, J = 7.2 Hz, 1H), 3.74 (d, J = 10.8 Hz, 1H),
3.70 (d, J = 10.8 Hz, 1H), 3.43 (d, J = 15.2 Hz, 1H), 3.28 (s, 3H), 3.25 (s, 1H), 3.04 (d, J = 15.2 Hz,
1H). 2.96 (s, 2H), 2.64 (d, J = 27.2 Hz, 2H), 2.32 (d, J = 13.2 Hz, 1H), 2.09-2.00 (m, 1H),
1.96-1.90 (m, 1H), 1.74-1.71 (m, 4H), 1.65-1.51 (m, 6H), 1.47-1.41 (m, 1H).

3C NMR (125 MHz, CDCl3) & 156.2, 144.9, 141.4, 131.8 (q, J = 33.1 Hz), 129.0, 127.2, 125.7,
123.4 (g, J = 273.2 Hz), 118.5, 114.9, 74.0, 71.0, 65.0, 62.4, 57.0, 55.6, 53.0, 46.3, 39.3, 38.0, 30.2,
25.1, 24.3.

F NMR (376 MHz, CDCl;) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CaoH350,N3Fs [M + H]" 584.2706, found 584.2705.

[a]p?’ = +11.2 (c 0.64, CH,CL,).



CF, (S)-Ethyl-1-((2-((3,5-bis(trifluoromethyl)phenyl)car-bamoyl)-3-phe
o) nyl-2-azaspiro[4.4]nonan-3-yl)methyl)piperidine-4-carboxylate
Qq* crs|  (3zh)
N \ " HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.3
Etozc/Q 3zh mL/min, A = 254 nm), tg (minor) = 15.36 min, tg (major) = 16.96 min.

'H NMR (500 MHz, CDCl3) & 11.25 (s, 1H) 7.62 (s, 2H), 7.34 (s, 1H),
7.31-7.22 (m, 4H), 7.17 (t, J = 7.0 Hz, 1H), 4.13-3.98 (m, 2H), 3.73 (d, J = 11.5 Hz, 1H), 3.68 (d, J
=11.0 Hz, 1H), 3.41 (d, J = 15.0 Hz, 1H), 3.08 (s, 2H), 3.02 (d, J = 15.0 Hz, 1H), 2.46 (d, J = 32.0
Hz, 2H), 2.31 (d, J = 13.5 Hz, 1H), 2.03 (d, J = 13.0 Hz, 1H), 1.91-1.89 (m, 2H), 1.82-1.47 (m,
10H), 1.42-1.39 (m, 1H), 1.16 (t, J = 7.5 Hz, 3H).

¥C NMR (125 MHz, CDCly) & 174.0, 156.1, 144.7, 141.3, 131.8 (q, J = 33.0 Hz), 128.9, 127.3,
125.7, 123.4 (q, J = 273.2 Hz), 118.4, 114.9, 70.9, 65.4, 62.4, 60.6, 57.0, 55.3, 46.3, 40.1, 39.3,
38.1, 27.5, 25.0, 24.3, 14.1.

F NMR (376 MHz, CDCl3) 5 -63.1 (s, 6F).

HRMS (ESI) m/z calcd. for C3,H3503NsFg [M + H]' 626.2812, found 626.2813.

[a]o?” = +15.8 (c 0.80, CH,CL,).

CFs (S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-((4-(methyl-sulfonyl)piperazi
0 n-1-yl)methyl)-3-phenyl-2-azaspiro[4.4]nonane-2-carboxamide (3Zi)
quﬂ crs| HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 1.0
mL/min, A = 254 nm), tg (minor) = 17.92 min, tg (major) = 26.09 min.

MsNJ 3z 'H NMR (400 MHz, CDCl3) 8 10.51 (s, 1H) 7.62 (s, 2H), 7.38 (s, 1H), 7.32
(t, J=7.6 Hz, 2H), 7.26 (t, = 6.4 Hz, 2H), 7.21 (t, = 7.2 Hz, 1H), 3.75 (d,
J =10.8 Hz, 1H), 3.68 (d, J = 10.8 Hz, 1H), 3.48 (d, J = 14.8 Hz, 1H), 3.12-2.87 (m, 9H), 2.57 (s,
3H), 2.34 (d, J = 13.2 Hz, 1H), 2.11 (d, J = 10.0 Hz, 1H), 1.88 (s, 1H), 1.74-1.53 (m, 6H), 1.39 (s,
1H).
3C NMR (125 MHz, CDCl3) & 155.4, 144.0, 141.0, 132.0 (q, J = 33.1 Hz), 129.1, 127.6, 125.7,
123.3(q, J =273.2 Hz), 118.3, 115.3, 70.7, 65.3, 62.4, 56.9, 55.1, 46.2, 45.6, 39.2, 38.1, 33.7, 24.9,
24.3.
F NMR (376 MHz, CDCl3) 5 -63.0 (s, 6F).
HRMS (ESI) m/z calcd. for CH3505N4FsS [M + H] 633.2329, found 633.2327.
[a]o?” = +14.4 (c 1.00, CH,CL,).

CF, (S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-phenyl-3-((4-tosylpiperazin
o /@\ -1-yl)methyl)-2-azaspiro[4.4]nonane-2-carboxamide (3Zj)
NXN cr,| HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
OCS”PhH mL/min, A = 254 nm), tg (minor) = 34.39 min, tz (Major) = 39.35 min.
N '"H NMR (500 MHz, CDCl3) & 10.23 (s, 1H) 7.37 (d, J = 7.5 Hz, 2H),
TsN\) 3Zj

) 7.27-7.23 (m, 3H), 7.20-6.93 (m, 7H), 3.67 (d, J = 11.0 Hz, 1H), 3.63 (d,
J=10.5 Hz, 1H), 3.44 (d, J = 15.0 Hz, 1H), 3.05-2.88 (m, 8H), 2.29 (s, 1H), 2.25 (s, 3H), 1.95 (d, J



= 54.5 Hz, 2H), 1.84-1.65 (m, 3H), 1.64-1.45 (m, 5H).

13C NMR (125 MHz, CDCl3) & 155.7, 144.8, 143.9, 140.2, 131.5, 131.6 (q, J = 33.0 Hz), 129.6,
129.2,127.4, 125.3, 123.1 (q, J = 273.2 Hz), 118.8, 115.0, 71.2, 63.6, 62.4, 56.4, 54.8, 46.6, 46.0,
39.4,38.2, 25.1, 24.2, 21.3.

F NMR (376 MHz, CDCl3) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CasHss03N4FsS [M + H]" 709.2642, found 709.2637.

[a]p?’ = +32.5 (c 1.22, CH,CL).

CFs (S)-N-(3,5-bis(trifluoromethyl)phenyl)-3-phenyl-3-((4-tosyl-1,4-diaz
0 epan-1-yl)methyl)-2-azaspiro[4.4]nonane-2-carboxamide (3Zk)
NXH cF; | HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 90/10, flow rate 0.5
- mL/min, A = 254 nm), tg (major) = 15.46 min, t (minor) = 17.37 min.
N
TS:/ z 'H NMR (500 MHz, CDCly) & 11.39 (s, 1H) 7.78-7.43 (m, 4H),

7.39-7.24 (m, 7H), 7.20 (t, J = 7.0 Hz, 1H), 3.86-3.59 (m, 3H),
3.55-3.27 (m, 2H), 3.18-3.15 (m, 3H), 3.00-2.73 (m, 4H), 2.41 (s, 3H), 2.27 (d, J = 13.5 Hz, 1H),
2.17 (s, 1H), 1.87-1.79 (m, 3H), 1.76-1.49 (m, 6H), 1.49-1.46 (m, 1H).

¥C NMR (125 MHz, CDCly) & 155.9, 143.9, 143.7, 141.6, 135.6, 131.9 (q, J = 33.0 Hz), 129.9,
128.9, 127.4, 126.9, 125.8, 123.4 (q, J = 273.2 Hz), 118.1, 114.9, 71.1, 62.3, 60.8, 57.1, 56.5, 55.7,
46.8, 45.9, 38.9, 38.0, 27.4, 24.8, 24.5, 21.6.

F NMR (376 MHz, CDCl;) 5 —63.1 (s, 6F).

HRMS (ESI) m/z calcd. for CasHa103N4FeS [M + H]" 723.2798, found 723.2797.

[a]o?” = +6.2 (c 0.56, CH,CL,).

CUCN (15 mol%)
o) so.pn  TMSOAC (2 equiv) P/O
JIy 2 (R)-A11 (20 mol%) “OH

, -
N~ N CFy *+ _.N. —_— >
H H 3 F SO,Ph CH3CN, 29°C, 24 h >q '
1a NFSI (2 equiv) (PhO,S),N : Ar

Bh 3ZI,52%, 40% ee | (R)-A11: Ar = 4-PhCgH,

Synthesis of 3ZI|

An oven-dried resealable Schlenk tube equipped with a magnetic stir bar was added urea
substrate 1a (0.1 mmol, 1.0 equiv), CuCN (1.3 mg, 0.015 mmol, 15 mol%), chiral phosphoric acid
(R)-A11 (13.0 mg, 0.02 mmol, 20 mol%) and N-fluorobenzenesulfonimide (NFSI, 63 mg, 0.20
mmol, 2 equiv) under argon. Then 2.0 mL of anhydrous CH3CN was added at room temperature
and followed by trimethylsilyl acetate (26.5 mg, 0.20 mmol, 2 equiv). The sealed tube was stirred
at 29 °C for 24 h. Upon completion, the solvent was removed in vacuo and the residue was
purified by silica gel chromatography (eluent: petroleum ether/CH,Cl, = 6/1 to 2/1) to give 3ZI



(38.4 mg, 52% vyield).

CF, (S)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-phenyl-2-((N-(
o phenylsulfonyl)phenylsulfonamido)methyl)pyrrolidine-1-carboxami
vy S| de (321)
""" Ph HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 95/05, flow rate 0.5
(PhO,S),N 321

mL/min, A = 254 nm), tg (major) = 13.66 min, tz (Minor) = 20.95 min.

'H NMR (400 MHz, CDCl3) 5 8.09 (s, 2H), 7.85-7.46 (m, 9H), 7.47-7.28
(m, 6H), 7.22 (t, J = 7.3 Hz, 1H), 6.71 (s, 1H), 5.51 (d, J = 17.2 Hz, 1H), 4.27 (d, J = 17.2 Hz, 1H),
3.57 (d, J = 7.6 Hz, 1H), 3.43 (d, J = 7.8 Hz, 1H), 2.87 (d, J = 13.0 Hz, 1H), 2.25 (d, J = 13.0 Hz,
1H), 1.16 (s, 3H), 0.82 (s, 3H).
3C NMR (125 MHz, CDCl;) & 154.3, 144.5, 141.1, 134.2, 132.2 (q, J = 33.2 Hz), 129.1, 128.2,
127.3,127.1, 123.4 (g, J = 272.6 Hz), 119.3 (d, J = 3.0 Hz), 116.2 (t, J = 3.8 Hz), 73.3, 61.4, 54.1,
52.7,37.0, 28.4, 27.6.
F NMR (376 MHz, CDCl3) 8 —62.9 (s, 6F).
HRMS (ESI) m/z calcd. for C34H3,05N3F6S; [M + H]" 740.1682, found 740.1663.
[a]o?’ =-12.2 (c 0.60, CH,CL,).




4. General procedures for asymmetric azidoamination of unactivated alkenes

General procedures for asymmetric azidoamination of substrates 1a, 1bb, 1cc, 1dd and 1h
with 4a

o) (o)
/R I a2 Ny——o0 Cul (10 mol%) R NJJ\N,Arz
'R N~ N” A5 1 19 :
N N (S) (10 mol%) - 'R ] 1H
4A MS, NaHCO, ‘Ar
Arl 1 1,4-dioxane, 25 °C, 24 h N3 5

To an oven-dried resealable Schlenk tube equipped with a magnetic stir bar was added urea
substrate 1 (0.1 mmol, 1.0 equiv), Cul (1.9 mg, 0.01 mmol, 10 mol%), chiral phosphoric acid
(S)-A5 (7.2 mg, 0.01 mmol, 10 mol%), 1-azido-1)\S—benzo[d][l,2]iodaoxo|-3(1H)—one 4a (34.7 mq,
0.12 mmol, 1.2 equiv), NaHCO; (10.1 mg, 0.12 mmol, 1.2 equiv) and activated 4 A molecular
sieves (100 mg) under argon. Then 4.0 mL of anhydrous 1,4-dioxane was added at room
temperature and the sealed tube was stirred at 25 °C. Upon completion (monitored by TLC), the
solvent was removed in vacuo and the residue was purified by silica gel chromatography (eluent:
petroleum ether/EtOAc = 50/1 to 20/1) to afford the desired product 5A-5E.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.

General procedures for preparation of racemic 5A-5E

0
/R 2 o Cul (10 mol%) NAT
; A2 Ng—I—O r
R HJ\H 3 rac-PA(10 mol%) O O
+ O 1 4-dioxane, 25°C, 24 h
rac-PA

Ar1 4a

The racemic products 5A-5E were prepared by following similar procedures as described above
using Cul (2.9 mg, 0.01 mmol, 10 mol%) and
4-hydroxydinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepine 4-oxide (34.8 mg, 0.01 mmol, 10 mol%)
as catalyst at 25 °C in anhydrous 1,4-dioxane (2.0 mL) for 24 h. Upon completion (monitored by
TLC), the solvent was removed in vacuo and the residue was purified by silica gel column
chromatography (eluent: petroleum ether/EtOAc = 50/1 to 20/1) to give the racemic products.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.



CF, (S)-2-(azidomethyl)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-p
i /@\ henylpyrrolidine-1-carboxamide (5A)
>C§ N CFs]  HPLC analysis: Chiralcel ODH (n-hexanef/i-PrOH = 97/3, flow rate 0.8
N o 5A mL/min, A = 254 nm), tg (minor) = 10.18 min, tg (Mmajor) = 11.70 min.

'H NMR (500 MHz, CDCl5) & 7.89 (s, 2H), 7.49 (s, 1H), 7.34 (t, J = 7.5 Hz,
2H), 7.26 (t, J = 7.5 Hz, 3H), 6.89 (s, 1H), 4.57 (s, 1H), 3.62 (s, 1H), 3.53 (s, 2H), 2.47 (d, J = 8.0
Hz, 1H), 2.10 (d, J = 8.0 Hz, 1H), 1.18 (s, 3H), 0.90 (s, 3H).
13C NMR (125 MHz, CDCl3) & 153.4, 142.8, 140.3, 132.0 (q, J = 33.0 Hz), 128.5, 127.3, 125.8,
123.2 (9, J =271.0 H2), 119.6, 116.3, 71.5, 62.2, 56.9, 52.2, 36.3, 28.0, 27.9.
F NMR (376 MHz, CDCl3) 5 -63.0 (s, 6F).
HRMS (ESI) m/z calcd. for CoHpFsNsO [M + H]* 486.1723, found 486.1718.
[a]p?’ = +37.6 (c 1.00, CH,CL,).

CF3 (S)-2-(azidomethyl)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(4-chlorophe
NiN . nyl)-4,4-dimethylpyrrolidine-1-carboxamide (5B)
>9 H ’ HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 99/1, flow rate 0.4
N; Q 58 mL/min, A = 254 nm), tg (minor) = 23.42 min, tg (major) = 24.89 min.

c '"H NMR (500 MHz, CDCl3) 8 7.92 (s, 2H), 7.52 (s, 1H), 7.30 (d, J = 8.5 Hz,
2H), 7.20 (d, J = 8.5 Hz, 2H), 6.82 (s, 1H), 4.57 (d, J = 12.5 Hz, 1H), 3.56 (d, J = 12.5 Hz, 1H), 3.51
(t, J =12.5 Hz, 2H), 2.48 (d, J = 12.5 Hz, 1H), 2.04 (d, J = 12.5Hz, 1H), 1.18 (s, 3H), 0.90 (s, 3H).
3C NMR (125 MHz, CDCl3) & 153.3, 141.5, 140.2, 133.0, 132.1 (q, J = 33.1 Hz), 128.6, 127.3,
123.2(q, J =271.1 Hz), 119.6, 116.5, 71.4, 62.1, 56.6, 52.1, 36.5, 27.9, 27.8.
F NMR (376 MHz, CDCl3) 5 -63.0 (s, 6F).
HRMS (ESI) m/z calcd. for C,H,;FgNsOCI[M + H]" 520.1333, found 520.1333.
[a]o®” = +44.6 (c 1.00, CH,CL,).

CF, (S)-2-(azidomethyl)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(4-fluorophen
i yl)-4,4-dimethylpyrrolidine-1-carboxamide (5C)
>9N N o HPLC analysis: Chiralcel ASH (n-hexane/i-PrOH = 95/5, flow rate 0.5
Ny Q sc mL/min, A = 254 nm), tg (minor) = 10.86 min, tg (major) = 16.28 min.
F '"H NMR (500 MHz, CDCl3) 5 7.92 (s, 2H), 7.53 (s, 1H), 7.26-7.23 (m, 2H),
7.02 (t, J = 9.0 Hz, 2H), 6.80 (s, 1H), 4.57 (d, J = 12.0 Hz, 1H), 3.56 (d, J = 12.0 Hz, 1H), 3.52 (t, J
=12.0 Hz, 2H), 2.48 (d, J = 12.5 Hz, 1H), 2.05 (d, J = 12.5Hz, 1H), 1.19 (s, 3H), 0.90 (s, 3H).
*C NMR (125 MHz, CDCl3) 5 161.7 (d, J = 245.0 Hz), 153.3, 140.2, 138.7, 132.1 (q, J = 33.2 Hz),
127.5 (d, J = 7.9 Hz), 123.2 (q, J = 271.0 Hz), 119.6, 116.5, 115.3 (d, J = 21.3 Hz), 71.4, 62.1, 56.8,
52.4, 36.5, 27.9, 27.8.
F NMR (376 MHz, CDCl3) 5 -63.0 (s, 6F), —115.7 (s, 1F).
HRMS (ESI) m/z calcd. for Cy,H,F7NsO [M + H]+ 504.1629, found 504.1624.
[a]o?” = +30.7 (c 1.00, CH,CL,).




cl (S)-2-(azidomethyl)-N-(3,5-dichlorophenyl)-4,4-dimethyl-2-phenylpyrr
) /@\ olidine-1-carboxamide (5D)

Nku cl HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 95/5, flow rate 1.0

>NC3&Ph 50 mL/min, A = 254 nm), tg (minor) = 9.77 min, tg (major) = 12.72 min.

'H NMR (400 MHz, CDCl5) 8 7.36 (d, J = 5.6 Hz, 2H), 7.33 (d, J = 7.2 Hz,
2H), 7.27-7.23 (m, 3H), 7.01 (t, J = 5.6 Hz, 1H), 6.55 (s, 1H), 4.56 (d, J = 11.6 Hz, 1H), 3.60 (d, J =
11.6 Hz, 1H), 3.49 (s, 2H), 2.45 (d, J = 12.8 Hz, 1H), 2.08 (d, J = 12.8Hz, 1H), 1.18 (s, 3H), 0.90 (s,
3H).
3C NMR (125 MHz, CDCl3) & 153.9, 143.5, 141.3, 135.6, 129.0, 127.7, 126.4, 123.6, 118.6, 72.0,
62.6, 57.5, 53.1, 36.9, 28.6, 28.5.
HRMS (ESI) m/z calcd. for CoH,,NsOCI, [M + H]* 418.1196, found 418.1198.
[a]p?” = +35.1 (c 1.00, CH,CL).

CF, (S)-3-(azidomethyl)-N-(3,5-bis(trifluoromethyl)phenyl)-3-phenyl-2-aza
o /@\ spiro[4.4lnonane-2-carboxamide (5E)
QCAN)L” Cfs | HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 97/3, flow rate 0.8
Ng e mL/min, A = 254 nm), tg (Minor) = 9.35 min, tz (Major) = 11.68 min.

'H NMR (500 MHz, CDCl;) & 7.90 (s, 2H), 7.50 (s, 1H), 7.34 (t, J = 7.0 Hz,
2H), 7.27 (d, J = 7.0 Hz, 3H), 6.81 (s, 1H), 4.58 (s, 1H), 3.69 (s, 1H), 3.60 (s, 2H), 2.60 (d, J = 9.0
Hz, 1H), 2.16 (d, J = 9.0Hz, 1H), 1.72-1.63 (m, 2H), 1.59 (s, 4H), 1.44-1.42 (m, 1H), 1.05 (s, 1H).
¥C NMR (125 MHz, CDCly) & 153.1, 142.3, 140.3, 132.1 (g, J = 33.0 Hz), 128.5, 127.4, 125.8,
123.2 (q, J =271.0 Hz), 119.4, 116.3, 70.9, 62.0, 56.5, 50.7, 46.9, 38.7, 38.0, 25.0, 24.3.
F NMR (376 MHz, CDCl3) 5 —62.9 (s, 6F).
HRMS (ESI) m/z calcd. for CaqH4F¢NsO [M + H]* 512.1880, found 512.1878.
[a]o?” = +33.0 (c 0.90, CH,CL).




5. Mechanistic study

a) Trapping with TEMPO
CFs Cu(CH5CN),BF, (10 mol%) o

(S)-A4 (10 mol%)
o Q TEMPO (1.5 equiv) N)J\N CF;

NJ\N CEF /T >\*PMP [ H (1)
H H 30 N—Oz 5A MS, 1,4-dioxane 'Ph
— ¢ 40°C, 60 h (\N
Ph 1a o\) 3A, trace

b) Control reaction

CF3
o Cu(CH3CN)4BF4 (10 mol%)
)k (S)-A4 (10 mol%) .
N N CF,4 - no reaction 2)
H H 5A MS, 1,4-dioxane
40°C,60h
Ph 1a

Trapping with TEMPO

To an oven-dried resealable Schlenk tube equipped with a magnetic stir bar was added urea
substrate 1a (0.05 mmol, 1.0 equiv), Cu(CH3;CN),BF4 (1.6 mg, 0.005 mmol, 10 mol%), chiral
phosphoric acid (S)-A4 (3.1 mg, 0.005 mmol, 10 mol%), 2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO, 11.7 mg, 0.075 mmol, 1.5 equiv), O-benzoyl hydroxylmorpholine 2c (0.075 mmol, 1.5
equiv) and activated 5 A molecular sieves (50 mg) under argon. Then 1.0 mL of anhydrous
1,4-dioxane was added at room temperature and the sealed tube was stirred at 40 °C for 60 h.
Upon completion, PhOCF; (internal standard, 0.1 mmol, 2.0 equiv) was added to the reaction
mixture for direct NMR charaterization. Yield was based on *F NMR analysis of the crude product.

Note: Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be
dried prior to use.

Control reactions

Control reactions were conducted by following the same procedures as described above without
addition of TEMPO together with special modifications, as listed below.

For eq. 2, no 2c was added.



6. Transformations

CFs
0 CFs
NH i N//<N
'/Ph £-BUNH, N7 N CF, Cul, TBHP, DMAP |
- = —_— -
N toluene, 80 °C, 72 h pp DCE, 100 °C, 12 h Ph CF,
o/ ©
6, 68%, 96% ee 3A, 95% ee 7,96%, 1:1dr,
94%/95% ee

Synthesis of 6

Compound 6 was prepared by following literature procedures.®> An oven-dried resealable Schlenk
tube equipped with a magnetic stir bar was charged with 3A (158.7 mg, 0.3 mmol), tert-butylamine
(0.064 mL, 0.6 mmol) and toluene (5.0 mL). The sealed tube was then stirred at 80 °C for 72 h.
Upon completion (monitored by TLC), the reaction mixture was cooled down to temperature. Then
the crude product was concentrated in vacuo and purified by flash chromatography using
dichloromethane/methanol (10/1) as the eluent to give 6 (56.1 mg, 68% yield).

Synthesis of 7

Compound 7 was prepared by following literature procedures.6 An oven-dried resealable Schlenk
tube equipped with a magnetic stir bar was charged with 3A (52.9 mg, 0.1 mmol), Cul (1.9 mg,
0.010 mmol), DMAP (3.7 mg, 0.030 mmol), (t-BuO), (29.2 mg, 0.20 mmol) and DCE (0.5 mL). The
flask was then sealed and the mixture was stirred at 100 °C for 12 h. Upon completion, the
reaction mixture was cooled down to room temperature and quenched by water (10 mL). The
aqueous layer was extracted with EtOAc (3 x 10 mL) and the organic layer was washed with brine
(10 mL) and dried over Na,SO,. The solvent was removed in vacuo and the residue was purified
by flash chromatography using petroleum ether/EtOAc (8/1) as the eluent to give 7-syn (25.3 mg,
48% yield) and 7-anti (25.4 mg, 48% vyield).

(S)-4-((4,4-dimethyl-2-phenylpyrrolidin-2-yl)methyl)morpholine (6)

HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A =
254 nm), tg (minor) = 8.64 min, tz (major) = 9.29 min.

'"H NMR (400 MHz, CDCl3) 5 7.46 (m, 2H), 7.30 (m, 2H), 7.19 (m, 1H), 3.57 (t, J =
4.4 Hz, 4H), 2.82 (d, J = 10.4 Hz, 1H), 2.72 (d, 10.4 Hz, 1H), 2.63 (d, J = 13.6 Hz,
1H), 2.55 (d, J = 13.6 Hz, 1H), 2.35-2.29 (m, 2H), 2.28-2.21 (m, 2H), 1.94 (d, J = 12.8 Hz, 1H),
1.87 (d, J = 12.8 Hz, 1H) 1.15 (s, 3H), 0.94 (s, 3H).

*C NMR (125 MHz, CDCl;) & 148.3, 128.0, 126.1(3), 126.0(7), 69.2, 68.7, 67.3, 59.6, 55.7, 52.6,
40.1, 29.2, 29.1.

HRMS (ESI) m/z calcd. for C;7H,;ON, [M + H]" 275.2118, found 275.2118.

[a]o?’ = -11.7 (c 0.86, CH,Cl,).




(1S,7aS)-2-(3,5-bis(trifluoromethyl)phenyl)-6,6-dimethyl-1-morpholin
Q o0-7a-phenyltetrahydro-1H-pyrrolo[1,2-c]imidazol-3(2H)-one (7-syn)

£ N - HPLC analysis: Chiralcel ASH (n-hexane/i-PrOH = 95/5, flow rate 0.5

& o mL/min, A = 254 nm), tg (major) = 9.27 min, tg (minor) = 12.66 min.

.. 'H NMR (500 MHz, Acetone-ds) & 8.38 (s, 2H), 7.75 (s, 1H), 7.57-7.24 (m,

*  BH), 5.92 (s, 1H), 3.87 (d, J = 12.5 Hz, 1H), 3.24 (br s, 1H), 3.02 (d, J =

12.5 Hz, 1H), 2.97-2.92 (m, 2H), 2.82 (d, J = 17.0 Hz, 1H) 2.68 (br s, 1H), 2.50-2.10 (m, 5H), 1.06

(s, 3H), 0.67 (s, 3H).

3C NMR (125 MHz, Acetone-dg) 5 161.5, 142.9, 141.4, 132.4 (q, J = 33.1 Hz), 130.1, 129.0, 128.6,

128.0, 126.5, 124.5 (q, J = 272.7 Hz), 122.5, 117.3 (p, J = 3.8 Hz), 82.4, 75.5, 67.8, 66.9, 60.7,

55.7,53.7,44.8, 40.1, 31.7, 29.1.

F NMR (376 MHz, Acetone-dg) d —63.4 (s, 6F).

HRMS (ESI) m/z calcd. for CH,50,N3Fs [M + H]* 528.2080, found 528.2075.

[a]o?” = -7.3 (c 0.97, CH,CL).

Bn

-syn

L

(1R,7aS)-2-(3,5-bis(trifluoromethyl)phenyl)-6,6-dimethyl-1-morpholino-
7a-phenyltetrahydro-1H-pyrrolo[1,2-c]imidazol-3(2H)-one(7-anti)

HPLC analysis: Chiralcel OD3 (n-hexane/i-PrOH = 95/5, flow rate 0.5
mL/min, A = 254 nm), tg (Minor) = 10.27 min, tg (Major) = 11.15 min.

'H NMR (500 MHz, Acetone-dg) 5 8.39 (s, 2H), 7.62 (s, 1H), 7.49-7.47 (m,
2H), 7.44-7.38 (m, 2H), 7.31-7.28 (m, 1H), 5.17 (s, 1H), 3.61-3.57 (m, 2H),
3.53 (d, J = 11.0 Hz, 1H), 3.51-3.48 (m, 1H), 3.16 (d, J = 10.5 Hz, 1H), 3.03-3.00 (m, 2H), 2.97—
2.88 (m, 2H), 2.84 (s, 1H), 2.67 (d, J = 13.0 Hz, 1H), 2.29 (d, J = 13.5 Hz, 1H), 1.26 (s, 3H), 0.78 (s,
3H).

3C NMR (125 MHz, Acetone-dg) 5 158.1, 147.3, 143.0, 132.2 (q, J = 33.0 Hz), 129.8, 128.2, 126.1,
124.6 (q, J =272.7 Hz), 120.3, 116.3 (p, J = 3.8 Hz), 86.3, 74.7, 67.9, 58.0, 48.6, 47.7, 42.8, 30.1,
29.3.

F NMR (376 MHz, Acetone-dg) d —63.5 (s, 6F).

HRMS (ESI) m/z calcd. for CysH,50,NsFs [M + H]* 528.2080, found 528.2081.

[a]o?’ =-17.5 (c 0.95, CH,CL,).

CF3

F’h N CF3

7-anti
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CF3 CF,4 e mEE 3
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)k PPh.. H.O )k BocHN™ 11, 87%, 86% ee
N CF 32 N CF3 —| CF,
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N3 HoN BnBr, K,CO3 N N CE
5A, 0.3 mmol, 88% ee 10, 81%, 88% ee MeCN, 80 °C, 4 h H :

I 12, 55%, 88% ee
Bn

Synthesis of 10

An oven-dried resealable Schlenk tube equipped with a magnetic stir bar was charged with 5A
(145.5 mg, 0.3 mmol), triphenylphosphane (118.0 mg, 0.45 mmol), 0.1mL H,O and tetrahydrofuran
(3.0 mL). The sealed tube was then stirred at 80 °C for 12 h. Upon completion (monitored by TLC),
the reaction mixture was cooled down to temperature. Then the crude product was concentrated in
vacuo and purified by flash chromatography using dichloromethane/methanol (10/1) as the eluent
to give 10 (111 mg, 81% vyield).

Synthesis of 11

An oven-dried resealable Schlenk tube equipped with a magnetic stir bar was charged with 10
(66.0 mg, 0.14 mmol), di-tert-butyl dicarbonate (49.0 L, 0.21 mmol) and 2.0 mL dichloromethane,
then added triethylamine (39.0 pL, 0.28 mmol) at 0 °C. The solution was stirred at room
temperature for 2 h. Upon completion (monitored by TLC), the reaction mixture was cooled down
to temperature. Then the crude product was concentrated in vacuo and purified by flash
chromatography using petroleum ether/EtOAc (8/1) as the eluent to give 11 (70 mg, 87% yield).

Synthesis of 12

An oven-dried resealable Schlenk tube equipped with a magnetic stir bar was charged with 10
(66.0 mg, 0.14 mmol), (bromomethyl)benzene (42 pL, 0.35 mmol), K,CO3 (97.0 mg, 0.7 mmol)
and 2.0 mL acetonitrile. The solution was stirred at 80 °C for 12 h. Upon completion (monitored by
TLC), the reaction mixture was cooled down to temperature. The solid was filtered, and the liquid
was concentrated in vacuo and purified by flash chromatography using petroleum ether/EtOAc
(6/1) as the eluent to give 12 (49 mg, 55% yield).

o (S)-2-(aminomethyl)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2
o /@\ -phenylpyrrolidine-1-carboxamide (10)
N*N CF, HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 97/3, flow rate 0.8
ﬁ%”"hH 0 mL/min, A = 254 nm), tg (Minor) = 15.81 min, tz (major) = 25.43 min.
’ '"H NMR (500 MHz, CDCl5) 8 12.60 (s, 1H), 7.90 (s, 2H), 7.38 (t, J = 7.5 Hz,

3H), 7.27 (s, 1H), 7.24 (d, J = 7.5 Hz, 2H), 3.81 (d, J = 13.5 Hz, 1H), 3.81 (dd, J = 11.2 Hz, 15 Hz,




2H), 3.33 (d, J = 13.5 Hz, 1H), 2.23 (d, J = 13.0 Hz, 1H), 2.13 (d, J = 13.0 Hz, 1H), 1.76 (br s, 2H),
1.15 (s, 3H), 0.83 (s, 3H).

¥C NMR (125 MHz, CDCly) & 155.5, 142.5, 142.4, 131.6 (q, J = 32.7 Hz), 129.2, 127.1, 125.8,
124.4 (q, J = 271.0 HZ), 118.2, 114.5, 70.4, 63.1, 59.0, 51.1, 34.2, 28.9, 27.7.

F NMR (376 MHz, CDCl3) 5 —62.9 (s, 6F).

HRMS (ESI) m/z calcd. for C»,H4FsNsO [M + H]" 460.1818, found 460.1817.

[a]o?’ = -9.5 (c 1.00, CH,CL,).

or. (S)-tert-butyl (1-((3,5-bis(trifluoromethyl)phenyl)carbamoyl)
o -4,4-dimethyl-2-phenylpyrrolidin-2-yl)methyl)carbamate (11)
NLH CF, HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 97/3, flow rate 0.4
>CS " mL/min, A = 254 nm), tg (minor) = 14.67 min, tz (major) = 18.02 min.
'H NMR (500 MHz, CDCl3) & 7.94 (s, 2H), 7.50 (s, 1H), 7.32 (t, J = 7.5 Hz,
2H), 7.22 (d, J = 7.0 Hz, 3H), 6.95 (s, 1H), 5.50 (s, 1H), 4.01 (d, J = 7.5 Hz, 1H), 3.74 (d, J = 7.5 Hz,
1H), 3.51 (s, 2H), 2.31 (d, J = 13.0 Hz, 1H), 2.16 (d, J = 13.0 Hz, 1H), 1.39 (s, 9H), 1.14 (s, 3H),
0.84 (s, 3H).
3C NMR (125 MHz, CDCl3) & 156.7, 153.7, 142.9, 140.5, 133.9 (q, J = 33.1 Hz), 128.5, 126.9,
125.7,124.1 (q, J =271.1 Hz), 119.4, 116.3, 79.4, 73.3, 62.2, 53.8, 48.5, 36.0, 29.0, 28.3, 28.1.
F NMR (376 MHz, CDCl3) 5 -62.9 (s, 6F).
HRMS (ESI) m/z calcd. for Co7H3;FsNsOsNa [M + Na]™ 582.2162, found 582.2156.
[a]o?” = +25.1 (c 0.60, CH,CL).

BocHN

oy (S)-N-(3,5-bis(trifluoromethyl)phenyl)-2-((dibenzylamino)methyl)-4,4-di
o /@\ methyl-2-phenylpyrrolidine-1-carboxamide(12)
)kﬂ cr, | HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 98/2, flow rate 0.4
S mL/min, A = 254 nm), tg (minor) = 15.34 min, tz (major) = 17.20 min.

'"H NMR (400 MHz, DMSO-dg) & 8.78 (s, 1H), 8.25 (s, 2H), 7.52 (s, 1H),

7.35-7.30 (m, 8H), 7.25-7.19 (m, 6H), 7.15 (t, J = 7.2 Hz, 1H), 3.98 (d, J = 14.4 Hz, 1H), 3.87 (d, J
= 14.4 Hz, 2H), 3.66 (d, J = 10.0 Hz, 2H), 3.62 (s, 1H), 3.52 (d, J = 9.6 Hz, 1H), 3.02 (d, J = 14.4
Hz, 1H), 2.73 (d, J = 12.8 Hz, 1H), 1.60 (d, J = 12.8 Hz, 1H), 1.10 (s, 3H), 0.74 (s, 3H).
3C NMR (100 MHz, DMSO-dg) 8 154.0, 145.9, 143.1, 139.6, 130.8 (q, J = 32.4 Hz), 129.2, 128.6,
127.9,127.3,127.0, 126.2, 123.9 (q, J = 270.8 Hz), 119.7, 114.5, 73.9, 62.2, 59.1, 51.5, 36.1, 28.6,
28.2.
F NMR (376 MHz, DMSO-dg) 8 —61.7 (s, 6F).
HRMS (ESI) m/z calcd. for CagHssFsNsO [M + H]™ 640.2757, found 640.2754.
[a]o?’ = +17.5 (c 0.60, CH,CL,).

Bn,N




0 CF3
i A
BS KOH, EtOH, H,0 >Ol\/N
>q N CFs 90°C, 4 h 1

N3

5A, 88% ee 13, 90%, 87% ee

Synthesis of 13

An resealable Schlenk tube equipped with a magnetic stir bar was charged with 5A (48.5 mg, 0.1
mmol), KOH (16.5 mg, 0.3 mmol), EtOH (1.0 mL) and water (1.0 mL). The solution was stirred at
90 °C for 4 h. Upon completion (monitored by TLC), the reaction mixture was cooled down to
temperature. The solution was extracted with EA (5.0 mL) three times and dried with Na,SO, then
the solution was concentrated in vacuo and purified by flash chromatography using petroleum
ether/EtOAc (50/1) as the eluent to give 51 (39.8 mg, 90% yield).

(S)-2-(3,5-bis(trifluoromethyl)phenyl)-6,6-dimethyl-7a-phenylhexahy

//Z) CFs dro-3H-pyrrolo[1,2-c]imidazol-3-one (13)
&NQ HPLC analysis: Chiralcel ASH (n-hexane/i-PrOH = 97/3, flow rate 0.4
Ph CF, mL/min, A = 254 nm), tg (minor) = 12.26 min, tg (major) = 15.81 min.
13 IH NMR (400 MHz, CDCls) 5 8.04 (s, 2H), 7.51 (s, 1H), 7.47-7.38 (m,
4H), 7.35-7.29 (m, 1H), 4.19 (d, J = 9.1 Hz, 1H), 3.82 (d, J = 12.0 Hz, 1H),
3.76 (d, J = 9.1 Hz, 1H), 2.99 (d, J = 12.0 Hz, 1H), 2.45 (d, J = 12.9 Hz, 1H), 2.12 (d, J = 12.9 Hz,
1H), 1.16 (s, 3H), 0.87 (s, 3H).
3C NMR (125 MHz, CDCl3) & 159.9, 144.7, 141.3, 132.1 (q, J = 33.4 Hz), 129.2, 127.7, 124.5,
123.3(q, J =271.4 Hz), 116.9, 115.7, 67.8, 59.0, 58.0, 53.8, 41.1, 30.1, 28.1.
F NMR (376 MHz, CDCl;) 5 -62.9 (s, 6F)
HRMS (ESI) m/z calcd. for CyHp1FsN,O [M + H]* 443.1553, found 443.1540.
[a]o?” = -49.9 (¢ 1.00, CH,Cl,).




7. Application
Asymmetric Michael addition

X NOz \)CL 1) Cat., THF, 28 °C
+ H 2)NaBH,, MeOH, 0 °C HO NO,

9

()
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I
=]
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C
m\ﬁig

_aI

>

The reaction was conducted by following literature procedures.7 To a solution of B-nitrostyrene
(0.05 mmol) in THF (0.2 mL) was added propionaldehyde (0.15 mmol) and pyrrolidine-derived
diamine catalyst 6 or 8 (0.015 mmol, 30 mol%). The reaction was stirred at 28 °C for the
appropriate time (for 6: 60 h; for 8: 4 h). The solution was then diluted with MeOH (1 mL) and
NaBH, (0.25 mmol) was added at 0 °C. The reaction mixture was stirred at 0 °C for 2 h. Upon
workup, the solvent was removed in vacuo. The residue was treated with saturated NH,Cl solution
(2 mL) and extracted thoroughly with EtOAc (3 x 2 mL). The combined organic phases were dried
(Na,S0,), concentrated and purified by silica gel chromatography (eluent: petroleum ether/EtOAc
= 8/1) to give the desired product 9.

racemic version @
xNO2 0 o NO " _NO
. \)J\ 1) Cat. THF, 24 h, 28 °C HO 2, Ho/\l/\/ 2
H 2) NaBH4, MeOH, 0 °C

' / \ . syn anti
 Cat. rac 9a rac 9aa

- O O O O O OO OO @ @o----mm====-- 2 J

The racemic products 9a and 9aa were prepared by following the same procedures as described

above with pyrrolidine as the catalyst.

: N2 0 4)cat.8 THF,4h 28°C NO, + L NO,.

| \)LH 2) NaBH,, MeOH,0°c  HO HO !

‘ : Ol syn anti (39% ee :
'Cat. [LN ' 4 (39% ee)
' N |

65%, 1.7:1 dr (syn/anti)




(2R,3S)-2-methyl-4-nitro-3-phenylbutan-1-ol (9a),

© (2R,3R)-2-methyl-4-nitro-3-phenylbutan-1-ol (9aa)
HO N2+ o A NO; . ; ; —
o n HPLC analysis: Chiralcel IC (n-hexane/i-PrOH = 96/4, flow rate
syn anti 1.2 mL/min, A = 214 nm), tg (major) = 26.36 min, tz (minor) =
31.04 min.

'H NMR (400 MHz, CDCl3) 8 7.44-7.10 (m, 5H, —C4Hs), 4.90 (syn) and 4.86 (anti) (dd, J = 12.8,
6.4 and 12.8, 5.6 Hz, 1H, —-CHHNO,), 4.78 (anti) and 4.76 (syn) (dd, J = 12.8, 10.0 and 14.4, 9.6
Hz, 1H, —-CHHNO,), 3.69-3.63 (syn) and 3.56-3.52 (anti) (m, 1H, —-CH-Ph), 3.61 (syn) and 3.43
(anti) (dd, J = 10.8, 4.4 and 10.8, 6.0 Hz, 1H, —.CHHOH), 3.49 (syn) and 3.37 (anti) (dd, J = 10.8,
6.8 and 10.8, 5.2 Hz, 1H, -CHHOH), 2.16-1.94 (m, 1H, —-CH-CHy), 1.04 (anti) and 0.82 (syn) (d, J
=6.8 and 6.8 Hz, 3H, —CH3).

*C NMR (125 MHz, CDCl,) (anti) 5 138.1, 128.9, 128.3, 127.8, 79.1, 65.5, 47.3, 38.7, 15.2; (syn)
0 137.8, 128.8, 128.5, 127.7, 78.9, 65.8, 46.3, 38.5, 14.2.

[a]o?” = -9.6 (c 0.82, CH,CL,).

X NO e} o :
: 2 it 1)Cat. 6, THE. 60N 28°C,_ NO 4 - _NO,
; W 2) NaBH,, MeOH, 0 °C ﬁ/\/ 3

: NH | 9b 9bb
| | ano

3 ""’Phi syn anti (82% ee)
'Cat. ' 55%, 1:3.3 dr (syn/anti),

(2R,3S)-2-methyl-4-nitro-3-phenylbutan-1-ol (9b),

© (2R,3R)-2-methyl-4-nitro-3-phenylbutan-1-ol (9bb)
NO; __NO,
Ho o Hom HPLC analysis: Chiralcel IC (n-hexane/i-PrOH = 96/4, flow rate
syn anti 1.2 mbL/min, A = 214 nm), tg (major) = 27.12 min, tg (minor) =
31.97 min.

'H NMR (400 MHz, CDCl3) & 7.44—7.10 (m, 5H, —C¢Hs), 4.90 (syn) and 4.86 (anti) (dd, J = 12.4,
6.0 and 12.8, 5.6 Hz, 1H, -CHHNO,), 4.78 (anti) and 4.76 (syn) (dd, J = 12.4, 10.0 and 12.8, 9.6
Hz, 1H, —-CHHNO,), 3.69-3.63 (syn) and 3.56-3.52 (anti) (m, 1H, —-CH-Ph), 3.61 (syn) and 3.43
(anti) (dd, J = 11.2, 4.8 and 10.8, 6.0 Hz, 1H, —.CHHOH), 3.49 (syn) and 3.37 (anti) (dd, J = 10.8,
6.8 and 10.8, 5.2 Hz, 1H, -CHHOH), 2.16-1.94 (m, 1H, -CH-CHj3) , 1.04 (anti) and 0.82 (syn) (d,
J=7.2and 7.2 Hz, 3H, —CHy,).

3C NMR (125 MHz, CDCl,) (anti) & 138.1, 129.0, 128.3, 127.8, 79.2, 65.5, 47.3, 38.7, 15.2; (syn)
0 137.8, 128.8, 128.5, 127.7, 78.9, 65.8, 46.4, 38.5, 14.2.

[a]o?’ = -32.0 (c 0.68, CH,CL,).
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Figure S152. HPLC spectrum of rac 3A
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Totals : 7624.71085 184.68193
Figure S159. HPLC spectrum of 3D
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Signal 1: DAD1 A, Sig=254,4 Ref=3606,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

©.3517 3301.01831 143.88568 49.7914
8.4418 3328.67798 114.95467 50.2086

1 19.410 BB
2 24.297 BB

Totals : 6629.69629 258.8403
Figure S160. HPLC spectrum of rac 3E
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
S B R |--emmeenes |-ommmmees | -menee |
1 19.751 BB ©.3630 188.34413 7.81977
2 24.787 BB 0.4653 3908.17188 129.868808 95.4023
Totals : 4896.51601 136.88857

Figure S161. HPLC spectrum of 3E
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]
O B R e R |--ommmeees |--memee |
1 21.063 BB ©.3890 2078.53271 81.64613 49.8635
2 28.777 BB ©.5379 2089.91211 59.77718 50.1365
Totals : 4168.44482 141.42332

Figure S162. HPLC spectrum of rac 3F
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R P R |- mme e R s |--nmeee |
1 21.148 BB ©.3837 197.59810 7.90199 4.4149
2 28.941 MF R ©.6067 4278.06787 117.52602 95.5851
Totals : 4475.66597 125.42801
Figure S163. HPLC spectrum of 3F
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R R | --emmeee |--mmmeees |-mmeeee |
1 68.988 BB 1.6376 6978.09863 63.22553 49.8611
2 74.210 BB 1.6189 7016.98389 64.51661 50.1389
Totals : 1.39951e4 127.74214
Figure S164. HPLC spectrum of rac 3G
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el EERE O R R s R |--mee e |

1 68.485 MF R 2.3264 964.66327 6.91116 3.1336
2 72.879 FM R 1.8438 2.982082e4  269.54892 096.8664

Totals : 3.07849e4  276.46002
Figure S165. HPLC spectrum of 3G
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EEeRe P |=mmmnnees |--emmeeee |--meeee |
1 31.138 BB 0.6279 2638.28882 64.67258 50.0943
2 36.404 BB 0.6957 2628.36108 58.10598 49.9057
Totals : 5266.64990 122.77856
Figure S166. HPLC spectrum of rac 3H
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 30.973 BB ©.5807 269.49310 6.76644  1.5795
2 36.119 MF R ©.7514 1.67925e4  372.46353 98.4205

Totals : 1.70620e4 379.22997
Figure S167. HPLC spectrum of 3H
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e BT . e | -emmmees |- mmeee |
1 33.124 BB ©.76837 6915.35498 151.16452 56.6598
2 42.454 BB 0.8705 6735.21533 118.61073 49.3482
Totals : 1.36506e4 269.77525
Figure S168. HPLC spectrum of rac 3l
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Signal 2: DAD1 B, Sig=254,4 Ref=360,1600

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 32.810 BB 0.6438 296.76727 6.73819 1.9288
2 41.849 BB ©.8058 1.56893e4  288.65400 98.0712

Totals : 1.53861e4  295.43219

Figure S169. HPLC spectrum of 3l
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EREREES |==m ] =me e |-mmeemeee |-mmmeeee |-=mee |

1 15.233 BB 8.4950 1922.13098 58.54722 50.6085
2 19.415 BB 8.9348 1875.91089 29.38416 49.3915

Totals : 3798.04187 87.93137
Figure S170. HPLC spectrum of rac 3J
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
P | === l=mneees |--nmmmeee- |--mmmeeee |-=mnne |
1 15.230 BB 0.4714 362.30716 11.63114 2.3415
2 18.953 BB ©.8725 1.51107e4 260.58212 97.6585
Totals : 1.54736e4 272.21326
Figure S171. HPLC spectrum of 3J
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 29.119 BB ©.8388 2954.38940 53.62289 50.1699
2 37.605 BB 1.2876 2934.37598 34.11155 49.83e1

Totals : 5888.76538 87.73444

Figure S172. HPLC spectrum of rac 3K
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P | --momeeeee |--mmeeee |-mmmeee |
1 29.364 MM R 1.4003 1408.62079 1.67366 3.2135
2 37.979 BB 1.2962 4235.35352 48.15170 96.7865
Totals : 4375.97430 49.82536
Figure S173. HPLC spectrum of 3K
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R P P RS |-meemmeees | --memmeeee |=mmeene |
1 24.874 BB ©.5389 2202.49512 61.93527 50.1673
2 27.279 BB 9.5830 2187.806420 56.84158 49.8327
Totals : 4390.29932 118.77685
Figure S174. HPLC spectrum of rac 3L
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e RS L e |--mmmmeee R |--meee |
1 24.587 BB 0.4768 196.72939 6.22365  8.3985
2 26.941 BB 0.5307 2145.69507 62.17069 91.6015
Totals : 2342.42445 68.39434

Figure S175. HPLC spectrum of 3L
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R | --mmm e |--mmeeeee |--nmeee- |
1 18.693 BB 0.4120 1577.10863 59.35810 49.8514
2 24.012 BB ©.5243 1586.51184 46.47520 50.1486
Totals : 3163.61987 185.83329
Figure S176. HPLC spectrum of rac 3M
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e P | ommoeooees | -omomoeee |--ooeee |
1 18.417 BB 9.3511 2794.65381 122.98658 85.1048
2 23.663 BB 0.4791 489.126607 15.7178@ 14.8952
Totals : 3283.77988 138.70438

Figure S177. HPLC spectrum of 3M
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type MWidth Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e L P | =mmme e | -nmeeeee | --mmeee |
1 16.466 BB 0.3468 1162.52002 50.82913 49.7113
2 19.465 BB 9.4209 1176.02075  42.23394 50.2887
Totals : 2338.54077 93.06307
Figure S178. HPLC spectrum of rac 3N
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e P s |--mmeeeeee |-ommmeeee |--mneee- |
1 16.380 BB 0.4376 276.18210 9.32360 9.3516
2 19.221 BB 0.4886 2677.14429 82.86542 90.6484
Totals : 2953.32639 91.38902
Figure S179. HPLC spectrum of 3N
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 19.741 BB 09.5608 1537.44739  45.76218 49.4671
2 27.237 MF R 0.7593 1570.57251 34.47292 560.5329

Totals : 31e8.0199¢ 8@.23510

Figure S180. HPLC spectrum of rac 30
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Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
Ehil EELEEEE [----|------- [----mmmm-- [----mnn--- [-------- |
1 19.797 FM R ©.5882 2399.15894 67.97815 93.7401
2 27.463 BB 0.6461 166.215606 3.58012 6.2599
Totals : 2559.37399 71.55827
Figure S181. HPLC spectrum of 30
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.364 MF R ©.4594 1635.63232 59.34458 49.8645
2 21.646 FM R ©.4825 1644.52367 56.809687 50.1355

Totals : 3280.1554@ 116.15365
Figure S182. HPLC spectrum of rac 3P
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
Sl EESEE R R |- =mmee e R |--emmeee |

1 19.925 BB 0.3968 154.85654 5.92803 4.1116
2 21.158 BB 0.4346 3611.49512 127.45593 95.8884

Totals : 3766.35165 133.38397
Figure S183. HPLC spectrum of 3P
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R EESE P R |=mmmmeee | --mmmeeee |-nmenee |

1 22.763 BB 0.4366 320.62585 11.31552 49.7969
2 27.378 BB 0.5169 323.24149 9.59807 50.2031

Totals : 643.86734  28.91359

Figure S184. HPLC spectrum of rac 3Q
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 22.975 BB ©.4591 117.31335 3.89827 4.1125
2 27.639 BB 8.5361 2735.29614  77.81753 95.8875

Totals : 2852.60950 81.71580
Figure S185. HPLC spectrum of 3Q
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.137 BB ©8.4031 2258.91724  85.82243 156.4513
2 25.493 BB ©.5494 2218.50806  62.30365 49.5487

Totals : 4477.42529 148.12608
Figure S186. HPLC spectrum of rac 3R
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 19.823 BB 0.3493 36.32740 1.58582 3.2076
2 25.104 BB 0.4755 1096.23683 35.18245 96.7924

Totals : 1132.55823 36.76826

Figure S187. HPLC spectrum of 3R
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
H# [min] [min] [mAU*s] [mAU] %
el EOREEEE |==m]=mm e R eh |--mmmeeee |-=meee |
1 37.444 BB 0.8255 3695.63770 67.63789 50.0288
2 41.969 BB 1.2657 3691.38354 43.86870 49.9712
Totals : 7387.02124 111.50659
Figure S188. HPLC spectrum of rac 3S
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
SRRl ERCERS R R e R |-memee |
1 37.576 MF R ©.9204 5168.27051 93.58924 95.7693
2 42.286 FM R 1.5582 228.31354 2.44207 4.2307
Totals : 5396.58485 96.03131
Figure S189. HPLC spectrum of 3S
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R e R |--neemeee |--eeeeee |--mneee- |

1 13.138 BB ©.2794 4204.17139 227.74783 50.3677
2 14.788 BB ©.3241 4142.79541 194.84015 49.6323

Totals : 8346.96680 422.58798
Figure S190. HPLC spectrum of rac 3T
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S R R R e R s |--emee |
1 13.123 BB 0.2755 274.81369 15.30453 3.8489
2 14.754 BB 0.3218 6865.26611 325.86563 96.1511
Totals : 7140.07980 341.17016
Figure S191. HPLC spectrum of 3T
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

] R O P |--mmmmeees |--mmmeeees | ==mmmme |
1 18.605 BB 9.3746 1862.74451 76.35648 49.6566
2 20.859 BB ©.3967 1888.51160 73.28069 50.3434

Totals : 3751.2561@ 149.63717
Figure S192. HPLC spectrum of rac 3U
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R e R RERE |-mmeeee |-ommmemeee |--enee |
1 18.596 MF R 0.4314 38.81119 1.49954  4.5025
2 20.833 FM R ©.4293 823.18591 31.95993 95.4975
Totals : 861.99710 33.45947
Figure S193. HPLC spectrum of 3U
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R I R R |- mmeee |--mmmemeee |--enee- |
1 25.257 BB 0.6207 B808.39301 19.956095 50.5543
2 28.11e BB 9.8078 790.66730 14.83519 49.4457
Totals : 1599.06030 34.78614
Figure S194. HPLC spectrum of rac 3V
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
| B R | --mmmmeee |-ommees |-mmeeee |
1 25.256 BB 0.6084 2089.17847 52.71655 95.3296

2 28.183 MM R ©.8928 182.35230 1.91874 4.6704

Totals : 2191.53077 54.62728
Figure S195. HPLC spectrum of 3V
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R R | -mmeeee |--mmmemeee | --emee |
1 13.163 BB 0.3693 2070.14136  85.24554 49.9567
2 14.996 BB ©.3870 2873.73315 81.45714 56.0433
Totals : 4143.87451 166.70267
Figure S196. HPLC spectrum of rac 3W
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R O RERE | -mme e |--mmmemeee |--enee |
1 13.17@ BB 0.4236 130.63898 4.59614 3.6632
2 14.878 BB 9.4242 3435.58960 122.86185 96.3368
Totals : 3566.22858 127.45800

Figure S197. HPLC spectrum of 3W
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| B R | --emmmeee |-ommees |-mmeeee |
1 15.733 MF R ©.4307 6204.83984 240.09406 49.9752
2 21.722 BB 0.5965 6210.99268 159.44231 50.0248
Totals : 1.24158e4 399.53636
Figure S198. HPLC spectrum of rac 3X
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o B R | --mmmmeeee |--mmmmees |--meeee |
1 15.721 MM R ©.4289 2362.99927 89.48372 94.3331
2 21.765 MF R ©.6442 138.34914 3.57942 5.6669
Totals : 2441 .34840 93.06314
Figure S199. HPLC spectrum of 3X
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 14.588 W 0.4140 6336.66504 238.21480 49.7168
2 15.871 VB 0.4569 6402.78174 214.12115 56.2832

Totals : 1.27334e4  452.33595
Figure S200. HPLC spectrum of rac 3Y
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Signal 3: DAD1 D, Sig=230,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R RERTE R R s |--emee |
1 14.591 BV 0.3680 286.40286 11.93184 6.8802
2 15.958 VB 0.4234 3876.30249 139.82715 93.1198
Totals : 4162.70535 151.75899
Figure S201. HPLC spectrum of 3Y
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Signal 5: DAD1 F, Sig=320,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 15.484 BB 0.3593 1654.66467 70.62823 50.0260
2 19.41e BB ©.4836 1652.94751 52.74035 49.9740

Totals : 3307.61218 123.36858
Figure S202. HPLC spectrum of rac 3Z
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Signal 5: DAD1 F, Sig=320,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EOEEES R |-mmemmeee R |--meeee |
1 15.445 BB 0.3681 286.52859 12.61893 7.0704
2 19.3409 BB 0.4803 3765.96680 120.61398 92.9296
Totals : 4052.49539 132.63291
Figure S203. HPLC spectrum of 3Z
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R P e | --mmmmeeee | mmmeeees |--emee |
1 12.667 BV ©.3508 7890.59912 350.30600 50.0358
2 14.407 VB 0.4127 7879.30762 294.00195 49.9642
Totals : 1.57699%e4 644.30795
Figure S204. HPLC spectrum of rac 3Za
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.871 MM R ©.3693 249.86975 11.27717  4.9290
2 14.386 MM R ©.4741 4819.46777 1659.42479 095.0710

Totals : 5069.33752 180.70196
Figure S205. HPLC spectrum of 3Za
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i RECEEEE |--me ] mmmeee |--mmeee- R |--mme-- |
1 19.793 BB 0.6306 1242.68701 30.67630 50.3983
2 22.815 BB 0.719@ 1223.04529  26.37282 49.6017

Totals : 2465.73230 57.04913

Figure S206. HPLC spectrum of rac 3Zb
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

o SR |-oon|-mmmee |- oemmeeee |-omomemee = |
1 19.884 BB ©.6450 1098.37927 26.09822 13.9685
2 22.889 BB ©.7326 6764.88721 143.35353 86.0315

Totals : 7863.26648 169.45175

Figure S207. HPLC spectrum of 3Zb
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Rl R R | -oemmeees | -oemmeees | -oeeeee |
1 9.516 FM 8.5239 3858.43359 97.29820 50.4698
2 12.348 FM 1.9333 38081.45878 25.87553 49.5382
Totals : 6059.93237 123.17374
Figure S208. HPLC spectrum of rac 3Zc
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R e |-omeee e R |-=mme |
1 9.497 BB 0.4874 1943.181803 61.37086 99.05943
2 12.377 MM 0.9371 17.75998 3.15873e-1 0.9057
Totals 1960.941901 61.68673
Figure S209. HPLC spectrum of 3Zc
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Signal 1: DAD1 A, 5ig=254,4 Ref=360,160

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.707 BB 8.6952 1466.37354  30.92336 50.08579
2 24.467 BB 0.7824 1462.98083 27.60225 49.9421

Totals : 2929.35437  58.52561
Figure S210. HPLC spectrum of rac 3Zd
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type MWidth Area Height Area

# [min] [min] [mAU*s] [mAU] %

R |==mn e |=mmmmeees |==mmmmeees |=mmmmnes |
1 21.766 BB ©.7068 3590.05713 76.31993 95.7342

2 24.451 BB 2.6859 159.96895 3.14229  4.2658

Totals : 3750.02608 79.46222

Figure S211. HPLC spectrum of 3Zd
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ROl CEEEEES EEEEPEETEeS |- mmeeee |-smsmemeee [EEEEPEES |
1 22.749 BB ©.6304 1654.28625 39.51438 50.4460
2 24.599 BB ©.6887 1625.93467 35.72115 49.5549

Totals : 3279.32092 75.23553

Figure S212. HPLC spectrum of rac 3Ze
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e RERTERE e [=mmemeee | -mmmeeee [-emee |
1 22.548 BB ©.6356 2845.85571 67.53309 90.5108
2 24.464 BB 0.6144 298.36270 6.92820 9.4892
Totals : 3144.21841 74.46129
Figure S213. HPLC spectrum of 3Ze
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Rl ERTE | == =mmee e R s s |
1 12.296 BV 0.2698 4547.05908 255.35013 50.7645
2 13.245 VB 0.2736 4410.11084 245.48888 49.2355
Totals : 8957.16992 500.83900
Figure S214. HPLC spectrum of rac 3Zf
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl ERSEERE R P |--meeeeee |-mmeemeee |-mmmeee |
1 12.294 FM R ©.2996 379.39581 21.75953 4.7500
2 13.244 BB 0.2728 7607.89404 425.17526 95.2500

Totals : 7987.28986 446.93480
Figure S215. HPLC spectrum of 3Zf
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.882 BB ©.4385 1.36589%9e4  476.45868 49.9963
2 23.884 BB 0.4765 1.36610e4  444.51266 50.0037

Totals : 2.7319%e4  920.97134

Figure S216. HPLC spectrum of rac 3Zg

mAU CFy
600

500 ©\
E NJLN CF,
400 'wth
2003 °
] |

42

100 329 3
1 o~
0 L =
1 T L A A |
0 5 10 15 20 25
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e [ P = |-nmmmmnnee |- |
1 21.389 BB 0.4663 998.09399 32.86185 4.5788
2 24.242 BB ©.5067 2.08002e4 634.13647 95.4212

Totals : 2.17983e4  666.99833
Figure S217. HPLC spectrum of 3Zg



mAU CFy 5 g
4004 0 3 ©
350 QqJJ\N CFs
300 4 H
E Ph
250
2003 N
150 3 EtO,C rac 3zh
100 4
50
04 t "
. O S L S ) SR
0 2 4 6 8 10 12 14 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 15.337 VB 0.3130 8165.54346 398.67529 56.8491
2 16.940 BB ©.3401 8149.52881 368.37296 49.8509

Totals : 1.63151e4  767.04825
Figure S218. HPLC spectrum of rac 3Zh
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EECE R | e mmnee |--mmeemeee |--mmeee |
1 15.359 BB 0.2826 396.07535 21.53539 4.8002
2 16.956 MF R ©.3451 7855.11768 379.35577 95.1998
Totals : 8251.19302 4006.89117
Figure S219. HPLC spectrum of 3Zh
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 18.649 BB 0.6877 4314.40234  95.82789 58.2925
2 26.766 BB 0.8672 4264.22412  75.01464 49.7075

Totals : 8578.62646 170.04253
Figure S220. HPLC spectrum of rac 3Zi
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
s P EES |-meemmeees | mmemmeee [=mmeene |
1 17.923 BB 8.6323 152.67346 3.49064 1.6201
2 26.088 BB ©.8759 9271.22949 159.88766 98.3799
Totals : 9423.90295 162.57830
Figure S221. HPLC spectrum of 3Zi
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 33.965 BB 1.4228 8175.24268  84.15587 50.0854
2 39.779 BB 1.4683 8147.34814  81.92345 49.9146

Totals : 1.63226e4  166.11932

Figure S222. HPLC spectrum of rac 3Zj
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
SRRl ERCE R |--mmmmeeee |--mmeemeee |-=emeee |
1 34.3990 MF R 1.6517 231.24765 2.33342 1.6422
2 39.348 FM R 1.6652 1.38564e4 138.62665 98.3578
Totals : 1.40816e4 146.96006
Figure S223. HPLC spectrum of 3Zj
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EREEE == m ] me e |-mmemmeee |- mmmeeee |-=meee |
1 15.360 BV 8.5027 1.32896e4 485.16992 49.3223
2 17.246 MF R ©.6369 1.36548e4 357.31592 50.6777
Totals : 2.69444e4  762.48584
Figure S224. HPLC spectrum of rac 3Zk
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 15.463 BB ©.5044 2544.39844  77.22488 96.4422
2 17.368 MM 0.7609  93.86546 2.23197  3.5578

Totals : 2638.26389  79.45685
Figure S225. HPLC spectrum of 3Zk
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
ft [min] [min] [mAU*s] [mAU] %
e LR e |<mmmeeees |-mmmenees |-mmmeee |
1 13.771 BB 0.4180 1543.01685 56.61387 49.6825
2 21.017 BB 0.8003 1562.73950  29.01892 50.3175
Totals : 3105.75635  85.63279
Figure S226. HPLC spectrum of rac 3ZI
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Signal 2: DAD1 B, Sig=254,4 Ref=366,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.662 BB 0.4229 2075.46289  74.99577 69.7658
2 20.946 BB 0.7586 899.43610  17.18536 30.2342

Totals : 2974.89899  92.18113
Figure S227. HPLC spectrum of 3ZI
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Signal 1: DAD1 A, Sig=254,4 Ref=368,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R E P | --mmeees [ --mmmeees | -meeees |
1 10.4084 BB 0.3549 1150.64478 49.91942 50.2689
2 11.919 BB 0.4855 1138.33252 42.91208 49.7311
Totals 2288.9772%9 92.83150
Figure S228. HPLC spectrum of rac 5A
DADY A, Sig=254 4 Ref=360,100 (DONGXIAD YANGYD-3-32 NEW-0DH-970308-15MIMN .
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Signal 1: DAD1 A, Sig=254,4 Ref=360,10608
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R EEEE |l meeee | --meeees | -memeee e |--eomee |
1 18.134 BB B.3879 99.26238 3.47816 3.8321
2 11.782 BB 0.49009 2491.981221 78.12312 96.1679
Totals : 2590, 27459 81.60128
Figure S229. HPLC spectrum of 5A
DAD1 A, Sig=254 4 Ref=360,100 (DADATADXY\D-3-66C RAC-ODH-990104.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
T EERREES R R s R ] EECEE e |
1 23.9080 BB 9.6348 264.19931 6.28031 50.8801
2 25.635 BB 8.7215 263.35376 5.43275 49.9199
Totals 527.55387 11.71386
Figure S230. HPLC spectrum of rac 5B
DADT A, 5ig=254 4 Ref=360,100 (DADATADXYD-3-824 PU-ODH-980104 .0}
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU ] %
T EORREES R e s |--ommee- |
1 23.420 BB 0.5752 197.56152 2.89666  3.2085
2 24.891 BB 8.7114 3244.88518 67.91323 96.7915
Totals 3352.36669 70.80989
Figure S231. HPLC spectrum of 5B
DADT A, Sig=254.4 Ref=360,100 (DADATADKYD3-T3E RAC-ASH-950505 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=366,108
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s5 ] [mAU] %

1 10.876 BB
2 16.575 BB

Totals :

0.6237 1797.20117
1.5793 1815.1901%9

3612.39136

44.97248 49.7518
16.27353 50.24%90

60.34594

Figure S232. HPLC spectrum of rac 5C




DADT A, Sig=254.4 Ref=360,100 (DADATADXY\D-3-82 PU-ASH-350505-25MIM D)
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Signal 1: DAD1 A, Sig=254,4 Ref=366,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl EESEER R | ommmes | oenmeees | -meeeee |
1 108.358 BB 0.6264 265.68690 6.61492 4.5749
2 16.282 BB 1.5965 5548.12612 52.61158 95.4251
Totals 58085.727062 59.22642
Figure S233. HPLC spectrum of 5C
DADT A, Sig=254 4 Ref=360,100 (DXYWYL17-688 2017-05-04 17-35-27'D-3-91RAC-0DH-9505102.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=366,108
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl R | fmnee | menmees | -oenmees | oeenee
1 9.752 BB 9.3767 634.27411 25.45434 50.3853
2 12.838 BB 8.5139 626.57532 18.65434 49.6947
Totals : 12608.84943 4416868
Figure S234. HPLC spectrum of rac 5D
DADT A, 5ig=254 4 Ref=360,100 (DXTWL17-668 2017-05-04 17-35-27'D-3-109-0ODH-850510 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R |l nnee | -menmees | -oemmeee | oemeees
1 9.774 BB ©.3778 344.37418 13.86341 5.6698
2 12.717 BB 0.5080 5729.47949 171.49201 94.3382
Totals : 6073.85367 185.26542

Figure S235. HPLC spectrum of 5D

DaD1 A, Sig=2544 Ref=360,100 (DX\D-3-364 RAC-ODH-970308.0)

mAU g} §
250 CF3 il =
200 i |
i
N N CF

150 PhH 3 |
100 rac 5E |

N3 |
50 Y

N J AN
0 —_— — — — _
T T T T T R T T T
2 4 6 g 10 12 14 16 mi

Signal 1: DAD1 A, 5ig=254,4 Ref=360,168

Peak RetTime Type Width Area
[min] [mAU*s]
e EeeEet |--oe]nmee e R |- eeee- |
1 9.343 BB 9.3467 6693.34180 294.97217 49.8633
2 11.958 BB 0.4508 6730.04443 229.87372 50.1367

Figure S236. HPLC spectrum of rac 5E

DaD1 A, Sig=254 4 Ref=360,100 (DXV\D-3-108A-0DH-870308.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Rl R R | menneees | -nmmneeee | oeeeee |
1 9.348 BB 8.3527 159.22681 6.91258 7.4891

2 11.683 BB

8.4425 1989.83850

68.571%9 ©92.5909

Figure S237. HPLC spectrum of 5E
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B O et |--mmeeee |-mmmemee |--eeeee |
1 8.636 BV 0.1577 212.87021 20.74136 49.7097
2 9.296 VB 0.1662 215.35629 19.90606 50.2903
Totals : 428.22650 48.64742
Figure S238. HPLC spectrum of rac 6
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R P | -mmeeee |--mmmemeee |--mmeee |
1 8.635 MM 0.1702 7.42531 7.26904e-1  2.0667
2 9.293 MF R ©.1801 351.85229 32.55236 97.9333
Totals : 359.27760 33.27927
Figure S239. HPLC spectrum of 6
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R EESRE R s |-memmeees |-mmemmeeee |-mmmeee |

1 9.258 MF R ©.4592 3787.45117 137.47520 50.7088
2 12.598 BB 1.©270 3681.56348 54.030818 49.2912

Totals : 7469.01465 191.58538

Figure S240. HPLC spectrum of rac 7-syn
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e |- onfomme e R | -mmmemeee | --enee |
1 9.268 MF R ©.4432 1834.99292 68.99944 96.84%6
2 12.661 FM R 1.0958 59.69089 S9.6788le-1 3.15e4
Totals : 1894.68381 69.968732
Figure S241. HPLC spectrum of 7-syn
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

] B P P |--nmmneees |-nmmmmeeee |=emmnme |
1 10.258 BV 0.2006 1525.02637 116.58412 49.7561

2 11.149 VB 9.2148 1539.97607 116.87485 50.2439

Totals : 3065.00244 227.45817

Figure S242. HPLC spectrum of rac 7-anti
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EESEE O | e mmnee R s |--mmeeee |
1 10.266 BB 0.2002 188.51770 14.452106 2.5698
2 11.152 BB 0.2138 7147.48633 515.31958 97.4382
Totals 7336.00403 529.77168

Figure S243. HPLC spectrum of 7-anti

DADT A, Sig=254.4 Ref=360,100 (DXY\D-3-113A PURE RAC-0DH-870308.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=366,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU ] %
S R R P |-mmmmee |- -mmm e |--nmnees |
1 15.539 BB B.6606 3814.62560 83.56472 50.2567
2 24.955 BB 1.5539 3775.65723 33.32157 49.7433
Totals : 75908.28223 116.88629

Figure S244. HPLC spectrum of rac 10

DAD1T A, 8ig=254 4 Ref=360,100 (DXY\D-3-113B PURE-ODH-970308 .0)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
PRy PRRPPRS EEPRIFRRRReE EEEPERPRRS R RREREERD

1 15.812 BB 09.6843 206.53178 4.27023  6.9728
2 25.429 BB 1.6489 3194.38745 26.87149 93.9272
Totals 3408.91924 31.14172

Figure S245. HPLC spectrum of 10

DADT A, Sig=2544 Ref=360,100 (DXD-2-170509 2017-05-08 17-43-48\D-3-118RAC-0DH-87030804.01)

mAU 3 °
12007E o, =
10003 n o
800 i A ®
] >XC?§ N CF3 | ~
600 H i\
] Ph [
400 BocHN rac 11 [\
2003 [\
UE —1t —\‘ﬁ**—‘-; \"’— —
e o -
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# Tmin] [min] [mAU*s] [mAU] %
Y R PR |=mmmeeees |-mmme e |--nmeee |
1 14.6556 BB 0.5426 3.59867e4 1822.58588 49.5784
2 18.129 BB 0.7976 3.65987e4 702.79285 50.4216
Totals : 7.25854e4  1725.37793
Figure S246. HPLC spectrum of rac 11
DAD1 A, 5ig=254.4 Ref=360,100 (DXY\D-3-170509 2017-05-09 17-43-48\D-3-119A-0DH-87030804 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R EERRE P | -mmmeeees |-omee e |-nmeeees |
1 14.664 BB 0.5573 2353.77888  64.57205 7.8277
2 18.917 BB 0.8011 3.11398e4  583.01276 92.9723
Totals 3.34928e4 647.58481

Figure S247. HPLC spectrum of 11




DADT A, Sig=254 4 Ref=360,100 (DXY\D-3-120 RAC-ODH-280204 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.438 BB 0.4519 2596.1691%  87.57681 56.1735
2 17.485 BB 8.5447 2578.21265 72.19179 49.8265

Totals : 5174.38184 159.76859

Figure S248. HPLC spectrum of rac 12

DAD1T A, Sig=254 4 Ref=360,100 (Dx\D-3-1204-0DH-980204 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 15.338 BB 0.4988 1649.80200 32.565088 5.9872
2 17.198 BB 8.5963 1.64842e4  425.23487 94.0128

Totals : 1.75340e4  457.73915

Figure S249. HPLC spectrum of 12

DAD1 B, Sig=254,4 Ref=off (DONGXIAQYANG\D-3-128RAC-ASH-970304.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R BEEE |--mn |- me |=mmmee e R |
1 12.171 BB @.4196 4469.82227 163.16736 49.8002
2 15.802 BB @.80868 4505.68945 85.22@07 50.1998

Totals : 8975.51172 248.38743

Figure S250. HPLC spectrum of rac 13

DAD1 B, Sig=254 4 Ref=off (DONGXIAOYANG\D-3-128A-ASH-970304.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
el R |--o- - me - e e |- |

1 12.266 BB 8.4253 1544.19655 56.07375 6.4119
2 15.867 BB 8.8317 2.25391e4  413.620894 93.5881

Totals : 2.40833e4  469.69469

Figure S251. HPLC spectrum of 13
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Signal 2: DAD1 B, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 26.860 MM R ©.7401 1327.02100 29.88384 14.7732
2 31.624 MM R 0.8611 1336.03625 25.85786 14.8736
3 36.212 MF 0.9559 3065.63306 53.45036 34.1286
4 37.631 FM 1.8610 3253.91504  51.11221 36.2246

Totals : 8982.60535 160.30427

Figure S252. HPLC spectrum of rac 9a & 9aa
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area
#  [min] [min] [mAU*s] [mAU] %

1 26.355 BB ©.7379 1618.33655 34.08936 69.5808
2 31.036 BB ©.7855 707.50024  12.98777 36.4192

Totals : 2325.83679 47.07713

Figure S253. HPLC spectrum of 9a & 9aa



3Hoﬁ/VNO2 3 3 NO, |
‘ : ' HO 21

; 9bb
i anti 9b
mAU E””””””””” ‘77777777778}/!‘! 777777
120
100 /\/
80
©
60 o (igf’
40 2 < é ,5\
0 3 ,»bg%?sg.
20 » g§£
0 | T T T T + T “/\'/\\‘
10 15 20 25 30 35 40 min|
mAUé ffffffffffffffffffff o
120 3 @ 3
100 3 Z_NO
BO; 3Ho/\r\/ 2 3
] ; 9bb ;
e G anti
404 g
20 =
0: T T T T T T T T T T o
10 125 15 175 20 225 25 275 30 325  min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 26.919 BB 0.7170 6440.48730 138.90175 90.8909
2 31.830 BB 0.7531 645.46643 12.61194 9.1091

Totals : 7085.95374 151.51369

Figure S254. HPLC spectrum of 9b & 9bb
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Figure S255. H,H-COSY NMR spectrum of 7-syn
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Figure S256. ROESY NMR spectrum of 7-syn
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H.H-COSY of 7-anti
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Figure S257. H,H-COSY NMR spectrum of 7-anti



NOESY of 7-anti
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Figure S258. NOESY NMR spectrum of 7-anti

V. X-ray Crystallographic Data

A colorless single crystal of 3T was obtained by recrystallization from EtOAc:Hexane = 1:5.
Crystallographic data for 3T have been deposited in the Cambridge Crystallographic Data Centre
(CCDC: 1542541).

Empirical formula Ca1H33FsN30, 5
Formula weight 601.60
Temperature/K 150.0
Crystal system monoclinic
Space group Cc2

alA 28.5401(7)
b/A 13.2816(3)
c/A 21.1191(5)
a/® 90

B/° 132.150(2)
y/° 90

Volume/A® 5935.1(3)



z 8

Peatcg/cm® 1.347

p/mm™ 0.954

F(000) 2512.0

Crystal size/mm?® 0.4x0.2x0.17

Radiation CuKa (A = 1.54178)

20 range for data collection/° 5.644 to 149.194

Index ranges -355h<35,-16<k<16,-26<1<26
Reflections collected 114376

Independent reflections 12000 [Riy = 0.0418, Rgigma = 0.0195]
Data/restraints/parameters  12000/83/804

Goodness-of-fit on F? 1.038

Final R indexes [I>=20 (I)] R;=0.0397, wR, =0.1014
Final R indexes [all data] R; =0.0429, wR, = 0.1046
Largest diff. peak/hole / e A 0.53/-0.40

Flack parameter 0.02(3)
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