Supplementary Figures

Supplementary Figure 1. X-ray of chiral compound 3D
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Supplementary Figure 2. substrates 1U and 1V is under the identical reaction
conditions
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Supplementary Figure 3. *H NMR of 3AA
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Supplementary Figure 4. 13C NMR of 3AA
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Supplementary Figure 8. 1°F NMR of 3A

sS4



[l =] o =4
EREaal FS g om e
s Huy

H - g
B m_ [ ] m
I H K &
i _ Py

e - =80e | = LI
~ s |w - §id

AT - o0€ K

= :SNV Goa &
=z St wogggs LMo
1P0I9%
- ;EMW
Fed Phb o5
LTI~ __ Lan
sr n oot
»

§L0T [ed

E.NW T 991 £5—

LT — o651

mmm.m% : ) Lo

OeB - 654 09—

167'E

Sm.}N -

S [— 50 L9 [

pleE s B Fgor | 7 SEH

v . ] 86511

[T

818 ¢4 ~ Feo |

[c3:43 ! 1 LS

1GRE m 947811

Lo it
s o 6406
o Pez611
) Y— 9TS6 1
w0 o (SL611
286611
nd 830211
™
v 3
o I 95521
— 6145214
- 19L5E1
s o POSST I
Mo ) PLRSTI-F
sl &R
SeRe— — i Issio > 952 £71
' ° XTI

mmm_h/ _ [ 2 BLEE]

WL — M_ LL ,S,cm_“\

B (p99gl

onn&. - LR > .

RO L \. _ v P RSP I—

- (9]

675'L

+—
° .n_ﬁ.v 10T €5 1—
POT'E~ [ S ]
lzrss" l PO m
D
w0 —
[ o
o
- >S5
o (9]

10

20

30

40

50

]

|

0

80

S5

£l {ppm)

T
110 1o 90

A

120

130

140

160

160

170

Supplementary Figure 10. 13C NMR of 3B
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Supplementary Figure 11. °F NMR of 3B
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S6



PEY'BT
LF9'8T

PaLaE

[$R8ES
L8598
20498

ZT8Es—

CRE[9—

/1o
o801
162601

8TOLI
96602 |

3
E

EET 1T

BLP 1T1-

1Zp eel—
LTITI—
A

sel'Lel
Q.um,mm_\.

CLO0EL

rLpEl"

SBEOPI—

G819F1—

819EST—

Value

CDC13

pectromster Frequency 125. 76
-210

alus

CDC13

-200

Paraseter
-190

Farazster

Selvent
L
-180

1

3 Nucleus
Salvent
Fueleus

2 Spectrozeter Frequency

3

1

=17

-160

-150

-140

-130

-120

-110

T
80

£1 (ppm)
-100

f1 (ppm)

S7

90
90

-80

70

—60

-50

-40

-20 -30

-10

10

Supplementary Figure 13. 13C NMR of 3C

Supplementary Figure 14. 1°F NMR of 3C
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Supplementary Figure 16. 13C NMR of 3D
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Supplementary Figure 17. 1°F NMR of 3D
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Supplementary Figure 20. 1°F NMR of 3E
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Supplementary Figure 21. *H NMR of 3F
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Supplementary Figure 24. 'H NMR of 3G
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Supplementary Figure 25. 13C NMR of 3G
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LENE]
ES1SE
GOECYE
SPPoE
TS

Value
(0}
-10

CDC13
5.
13C
Value
13

pectrometer Frequency 376.50
19F

I T
GRETS
RO LS
LLETS
90T
[ES

e a01
£657L01

=
Farameter

T
10
Faramster

olvent

olvent
pectrozeter Frequency 12

Yucleus
Fucleus

1
2
3
1
2
3

reLsel-
10801 4 SILSEl-
0ZE'RO1 _— [ITAN A
TEORO o [Nl
Tra'R01 7. [= LLXSEL-
ceraol _ A
argaol osEl-
9560l RS [Nl
026601
IsTatl

P 0Ll —_—
S9L0T1

ELTTTL

re SOB LOT-~
7601 L01-

T
a0

T
100
f1 (ppm)

110

S608114

£5T8II

1058 11-E —3 k
(94811 E—
ors1H —
2006114

£85'611
68611
8066114 -] F
se6611 —

10902 14

120

T
130

140

-105 -115 -135 -135 -145 -155 -163

S16

-85
1 (ppm)

=90

-85

-80

75

70

-65

150

GOL0Z1 r
OFROL|
160 1El
SLRTTI I
BLTELI
GEOSEI —
065'SEl
SOTLEI
0Z5 LEN
SLEREI
qwEaLl

T
171 160

T T
80 180

1

2

j3x0En-g|
Jisiagasgl
S8R9
T1L891

210

Supplementary Figure 31. 13C NMR of 3l

-30 -3 -40 -45 -50 -55 -60

-25

Supplementary Figure 32. 1°F NMR of 3l

-20



. @
s 0"

£81°07 ER o= 2543

%610 5 EE= ' )

) ®H g
ez oy & | w Sp1o— g
S1T0 i o . H
PE0 iy T i
670 ] 503
0501 '] L= eiesI— | B
jni. & _ S £15'81— R B

. o 8 gEE
s : g a5 R ¥

3 o L6 Z

. 3 i L o o
€360
0650 L
w0
80901
oe.i L
S290 .

RO0'8p—
SBL 1~ T
ne1-" rort
r 91g%—
o
[Med
60T —
60T F
oot o 1106017
_ o TEC 601
oo ,m 1950111
[lea 3
<
©
Lw TT8611
< o £58611
588611
- M :mm,:f
Fa P1Z 01
w
Z eseeel
T iy |
| o £20°6TI
e - BIL9ZI
Y 98O LTI
% BEEBII~T
F POLIEL
[ 0L
b SETLE
. 3 LB
99— -zs0 LL Lipsrl—
86T L L
ﬂmmm . WJ £06 751
(e L 9 w
L6 L T
LUEL Lgre .n_.“.v
W L : -
S0P L M od m
98 L (<3}
w o
[ o
>S5
(9]

T

a0

80

f1 (ppm}

T

100

130

1o

120

140

150

160

170

180

Supplementary Figure 34. 13C NMR of 3J

S17



108441
T=a109.096

~-115400
T=116.0d1

3 Nucleus

ctrometer Frequency 376. 50

18F

AL
=30 -35 -40 -45 -850 -85 -60 -6& -0 -i5 -80 -85 -9 -9 -100 -105 ~-110 ~-11& =-120 -125 ~-130 -13% ~-140 -145 ~-1B00 -185
£1 (ppm)
H 19
Supplementary Figure 35. *°F NMR of 3J
B 529288 I=85%5
W q oA e RN R
S o e e e e e e
ey (A
| | Farameter Value
| | 1 Solvent CIC13
| 25
[ ( 3
[ |
| [
[ ’ { | | |
\| / | | [
| | | | | | {
Il J / [ !
s-‘l Ar‘{\hj_‘ --‘\ k T \rl\ ‘ldj Iil -II I‘\ II‘
& L L L. N S
S S8=a o g 3 5] S a8 =
o Z2ad 2 a2 S22 33 =
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -L5&
f1 (ppm)

Supplementary Figure 36. *H NMR of 3K
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Supplementary Figure 157. *°F NMR of 13
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Supplementary Figure 159. 13C NMR of 15
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Supplementary Figure 160. 1°F NMR of 15
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DAD1 D, Sig=230,4 Ref=off (LJS\2016-0708 BEFORE\S-6-65E ID-97-03-02.D)
mAU 3
80
70 5
60 =
50 4
40 =
30 4

17.931

o

(=]

o
20 5 PN
02 A
02 L Il

0 25 5 7.5 10 12.5 15 17.5 20 22.5

min
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R |--ee]ommeee |-mmmeeees | -nmmmeees |-mmeeee |
1 17.931 BB 0.3253 800.77112 33.93017 50.8798
2 21.000 BB 0.5998 773.07703  19.44638 49.1202
Totals : 1573.84814 53.37654
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98 FL ID-9703-02.D)
mAU —|
400—2
300—5 3
] 0
] =
200
] >
1 Ked
100 2 ©
4 g er&‘
| X
0 : oK
L ) O R B ) SN N T
0 25 5 7.5 10 12.5 15 17.5 20 225 min
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

cemefemmeee- [ |-mmmmmnee |- |--eeeeen |
1 17.568 BB 0.2478 3493.37964 200.00197 99.5402
2 20.359 MM 0.3637 16.13583 7.39386e-1 0.4598

Totals : 3509.51547 200.74135

Supplementary Figure 161. HPLC traces for racemic and chiral product 3A
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-100G OD3-97-03-02.D)

mAU
40
30—5
20—f
104
0
) A 1
5 10 15 20 25 30min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el ESEEERS |<-mm]emmmee s s | --meeeee |
1 19.114 BB 0.5306 1648.22839 47.75891 49.5799
2 23.412 MM 2.7968 1676.16284 9.98865 50.4201
Totals : 3324.39124 57.74756
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-98K OD3-97-03-02.D)
mAU 3 o
175
150
125 3
100 5
75 N
E &
o g &
5 5 ]
= gks?)
0 ! T Ay
- - - 1 - T T - 1 T T T 1T T v T T ]
5 10 15 20 25 30 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

wemefenees I |-emmmenes |-emmmnnees | +mmneee |
1 19.230 BB 0.4894 6013.29492 188.90350 94.1295
2 23.881 MM 1.8333 375.02881 3.40935 5.8705

Totals : 6388.32373 192.31285

Supplementary Figure 162. HPLC traces for racemic and chiral product 3B
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DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-100M 0806 0D3-90-10-03.D)

mAU
1200 |
1000
800 4
400 4 @ g
NN
0 - i
L e | — 1 1
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] %
R EOSEE T |--emmeeee | -mmee e |---eee |
1 13.524 BB 0.2900 6397.17969 339.18106 49.8668
2 15.953 BB 0.3665 6431.35938 267.52280 50.1332
Totals : 1.28285e4 606.70386
DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-98R 0D3-80-10-03.D)
mAU ]
1400
1200
1000—;
800
] ~
600 | &
] Laed
400 = ©
1 n
b 2
0 t T
0 2 2 6 8 10 12 14 16 18 mir
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.547 BB 0.2829 6973.62842 378.52771 98.4699
2 16.056 BB 0.3663 108.36497 4.60833 1.5301

Totals : 7081.99339 383.13604

Supplementary Figure 163. HPLC traces for racemic and chiral product 3C
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-66F OD3-96-04-03.D)

mAU 2

100—5

80—5

60 z

40—2 ;

20—5

04 :

T T T T i

Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

] R [ R |-ommmnnees |-mmmm e |--nmmees |
1 15.589 BB 0.5109 3968.44995 122.19631 560.1053
2 21.e71 BB 1.6767 3951.77026 30.31696 49.8947

Totals : 7920.22021 152.51327
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98A FL OD3-9604-03.D)
mAU 1
] o
] 8
200 4 0
150
100
] NS
50 8 &
9 < &
0 ‘ : L oR
T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min|
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 15.552 BB 0.4950 5516.68066 173.45717 99.3295
2 21.130 MM 1.2560 37.24101 4.96531e-1 0.6705

Totals : 5553.92167 173.95370

Supplementary Figure 164. HPLC traces for racemic and chiral product 3D
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0 ‘ s 0 ‘ 5 20 25 mil
Signal 1: DAD1 A, Sig=214,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
RN B |-=me|-me e |---emmeeee R |--ee e |
1 12.955 VB 0.3501 1.47020e4 639.69098 50.2376
2 21.206 BB 1.1780 1.45630e4  174.79558 49.7624

Totals : 2.92650e4  814.48656
DAD1 A, Sig=214,4 Ref=off (LJS\S-6-98B OD3-95-05-04.D)
mAU _: @
2000
1500 ]
1000 -
1 >
] o
500 | ©
b 2
0 s
. . : , , : . , : . : : . :
0 5 10 15 20 25 min

Signal 1: DAD1 A, Sig=214,4 Ref=off

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

e R P e |-mmmmeeees | -mnmnee |
1 12.958 VB 0.3669 6.14621e4 2414.93921 98.7928
2 21.516 FM 1.2016 751.83979 10.41683 1.2072

Totals : 6.22131e4 2425.35604

Supplementary Figure 165. HPLC traces for racemic and chiral product 3E
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DAD1 A, Sig=214,4 Ref=off (LJS\S-6-100B OD3-96-04-02.D)

mAU ] o
600 ] ®
E ]
500 3 8
400
300
200
100
0]
T T T T — 1 T T U 1 T 1
5 10 15 20 25 30 35 40min
Signal 1: DAD1 A, Sig=214,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Rl ERCEEE R s |mmmeee |--meeee |
1 29.032 BB 0.9417 4.10942e4 660.61847 50.2033
2 35.318 BBA 1.3147 4.07614e4  449.16583 49.7967
Totals : 8.18556e4 1109.78430
DAD1 A, Sig=214,4 Ref=off (LJS\S-6-98E 0D3-96-04-02.D)
mAU
600
500
400
300
200
100
0
T — T T T T I T
5 10 15 20 25 30 35 40  min

Signal 1: DAD1 A, Sig=214,4 Ref=off
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
L R P |-mmmmmeees [-ommmmnees | -ommneee |

1 29.135 VB ©.9352 4.37860e4  692.91858 97.7577
2 36.660 FM 2.0435 1004.32001 8.19115 2.2423

Totals : 4.47903e4  701.10973

Supplementary Figure 166. HPLC traces for racemic and chiral product 3F
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DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-100J OD3-90-10-04.D)

mAU 0
1004 §
] ~
80 b
60 -
40
20
0 : .
T T T T T T T T [
25 5 7.5 10 125 15 175 20 225  min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
SRR R |--me-mee e R |-mme e R |
1 12.025 BB 0.2781 2243.88403 123.44540 50.4227
2 17.468 BB 0.4412 2206.26514  76.32285 49.5773
Totals : 4450.14917 199.76826
DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-98N OD3-90-10-04.D)
mAU ] 0
140 |
120
100
80
60 ]
40 2
E Q9
20 5 ~
04 L
T I I T | T T T T T T T T
2.5 5 75 10 12.5 15 17.5 20 225 min

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

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e BT P R | --mmmneee | ommmeenee |-mmmneee |
1 12.855 BB 0.2656 2927.06689 167.72528 95.7389
2 17.683 BB 0.4225 130.27585 4.74249 4.2611
Totals : 3057.34274 172.46777

Supplementary Figure 167. HPLC traces for racemic and chiral product 3G
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-100C OD3-97-03-03.D)

mAU 3 o
250 3
200 ] Q
] 0
150 3
100
50|
0 — ‘ .
T T T T T T T T T T
5 10 15 20 25 30 35 40 min
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] R e |-mmeemeee | -nmmeenee |-nnmeee |
1 19.432 VB 0.5648 1.16285e4  310.61533 50.6285
2 36.543 BB 1.1661 1.13398e4  136.37222 49.3715
Totals : 2.29684e4  446.98755
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98F OD3-97-03-03.D)
mAU B
800 =
700 5
600
500
400
300 &
200 g &
100—2 “é?s &
0 e e —
5 10 15 20 2 30 35 40 45 i
Signal 3: DAD1 D, Sig=23@,4 Ref=off
Peak RetTime Type Width Area Height Area

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

1 19.192 VB 0.7127 4.02874e4  875.82117 97.8133
2 36.680 MF 1.3874 900.65814 10.81913 2.1867

Totals : 4.11881e4  886.64030

Supplementary Figure 168. HPLC traces for racemic and chiral product 3H
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DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-100L OD3-90-10-03.D)

mAU A
E g
150 3
125 0 /@\ i
100 | EtO,C N)LN CFs
] EtO,C H
75
50 CeFy
25
0 4 —
T T T T T T T T T LI
25 5 7.5 10 125 15 175 20 min)
Signal 5: DAD1 E, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
NI EESE R |eemmeeees | -nmmmeeee | -mmeeee |
1 15.094 BB ©.3379 4011.11133 182.87270 50.2567
2 19.072 BB 0.4693 3970.13013 129.64368 49.7433
Totals : 7981.24146 312.51637
DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-98Q SEC 0D3-90-10-03.D)
mAU @
140
1204 o /[::]\
100 EtO,C. NJ\N CFs
80 E1020>9’/ H
60 n-CaFs @ 3l
A
E 5 &
0 : =T
25 5 75 10 12.5 15 175 20 min

Signal 5: DAD1 E, Sig=242,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el R R B |--moooeee | -omemooee |-ommeeee |
1 15.153 BB 0.3041 2980.29883 149.79857 98.1105
2 19.155 MF 0.4505 57.39724 2.12345 1.8895

Totals : 3037.69607 151.92202

Supplementary Figure 169. HPLC traces for racemic and chiral product 31
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DAD1 B, Sig=254,4 Ref=off (LJS\S-8-100F AD3-97-03-015.D)

mAU
70
60
50
40
30
20
104
04
é 1b 1I5 2‘0 2I5 3b 3‘5 min|
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e |=-mn oo |--mnmeeee | <ommmneee |--mmeee- |
1 30.078 BB 1.1360 6429.24170 77.96957 50.5137
2 33.488 BB 1.3203 6298.47168 55.90906 49.4863
Totals : 1.27277e4  133.87863
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-98D AD3-97-03-015.D)
mAU E
200 ] g
150—f
100—:
] R
50 | g &
] (‘,!;?Sg‘b-
0 — ! T
5 10 15 20 25 30 35 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o R |-mmmmeee R h: |--mneee- |
1 29.845 BB 1.3882 2.02498e4 231.11113 98.3892
2 34.010 MM 1.6213 331.52789 3.40802 1.6108
Totals : 2.05813e4  234.51915

Supplementary Figure 170. HPLC traces for racemic and chiral product 3J
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DAD1 B, Sig=254,4 Ref=0ff (LJS\S-6-100D AD3-97-03-03.D)

mAU;
200
] 3
] <
150*: © g
] e
100 4
50
0] . —-—
[ e e R T
0 25 5 75 10 12.5 15 17.5 20 225 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S| e |--mee oo |--mmeeee |-ommee |
1 13.484 BB 1.0718 1.07051e4 131.77003 50.8776
2 16.946 BB 1.3849 1.03358e4 98.28535 49.1224
Totals : 2.1040%4  230.05539
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-98| AD3-97-03-03.D)
mAU 1 B
800 - e
600
400
1 o)
200 Y
] ~ &
1 =K
0 i T
S ) O S I A Y R S
25 5 75 10 125 15 17.5 20 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
i RESEEN B |--mmmeeee s |--meeee |

1 13.423 BB 0.7243 4.91491e4  936.55481 97.1282
2 17.472 FM 1.7456 1453.21008 13.87508 2.8718

Totals : 5.06023e4  950.42989

Supplementary Figure 171. HPLC traces for racemic and chiral product 3K
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DAD1 B, Sig=254.4 Ref=off (SNAPSHOT.D)

mAU ] -
500 4
1 <
400 8
i &
300 4
200
1004
04
T T T T T T T T T i T T T T T T T
5 10 15 20 min|
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el RESCERS e |-mneeeeee |--mmmeee e |-omeee |
1 17.301 VB 0.7481 2.46526e4 544.59674 50.5234
2 20.334 BB 1.1118 2.41417e4 310.24789 49.4766
Totals : 4.87943e4 854.84464
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-98H AD3-96-04-02.D)
mAU 3 2
i e
350 5
300
250 3
200 -
150 N
] &
- g ¢
F L &°
0 ‘
T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 17.328 BB 0.4663 1.10681e4  370.76822 ©98.9223
2 20.868 MM 1.1442 120.58081 1.75636  1.0777

Totals : 1.11886e4 372.52458

Supplementary Figure 172. HPLC traces for racemic and chiral product 3L
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-100 0821 AD-97-03-02.D)

mAU E
1000 |
800 -
] )
600 - 3
1 e
400 &
] %) \'54’
200 ] 8 &
1 &°
0 . T :
I i U U U 1
0 5 10 15 20 25 mir
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o R P T |-mmmeee e |--neeee |
1 15.945 BB 0.1351 4153.62207 420.85046 50.1118
2 23.635 MM 3.1419 4135.09473 21.93503 49.8882
Totals : 8288.71680 442.78549
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98G 0821 AD-97-03-02.D)
mAU ]
500
400
1 <
300 g
E e
200 4 )
] o 6;:\"
100 4 g ,F
] <49
0 : L :
T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 mir

Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
ol EESERES R R |--m e |<mmmeeee |--meeee |

1 16.434 VB 0.2405 3749.71362 207.77669 98.8059
2 24.663 MM 1.5185  45.31535 4.97354e-1 1.1941

Totals : 3795.02897 208.27404

Supplementary Figure 173. HPLC traces for racemic and chiral product 3M
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DAD1 A, Sig=254.,4 Ref=360,100 (LJS\S-6-1001 AD3-95-05-02.D)
mAU

400
300
=
200 =
100
0
T T T T T T T T T T T T T T T T T T T T
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] %

wmefenneen- |- e |-mmnes | =reees |+ |
1 16.412 FM 0.5379 1.61656e4 500.92740 51.0494
2 19.614 BB 1.5690 1.55010e4 142.50835 48.9506

Totals : 3.16667e4  643.43575
DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-98M SEC AD3-95-05-02.D)
mAU ]
800 2
1 <
] ©
600 |
400
1 28
200 2 @
4 - <®'b’
0 = T
" " K " 1 " T T T T " T " " T T " " " T " " " T T
0 5 10 15 20 25 min|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 16.453 BB 0.3680 1.45863e4  612.20386 99.3932
2 19.988 MM 8.7750  89.05150 1.40214 ©.6068

Totals : 1.46753e4  613.60600

Supplementary Figure 174. HPLC traces for racemic and chiral product 3N
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-100E 0726 OD3-97-03-03.D)

mAU o <
160 4 .
140 4 =
] D
120 o
100
80
60
40
20
0+
T —1T - T 1 T~ 1 T~ T T 1 T T T T T T T T T 1
5 10 15 20 25 30 35 40 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el R R |--omneeee |-oommeeee |--menee |
1 28.314 BB 0.6504 7350.66162 174.85565 49.9251
2 39.149 BB 0.9459 7372.70605 115.01134 50.0749
Totals : 1.47234e4 289.86699
DAD1 B, Sig=254,4 Ref=cff (LJS\S-6-98J 0726 AD3-96-04-02.D)
mAU ] =
500
400 ]
300
200
] [ar]
100 3
1 A
0] . ' . —
T T T T T 1 T T 1 T T T T T 1 T T T T T N
5 10 15 20 25 30 35 40 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

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

I REE R R R |-omeemeee |-omeeee |

1 28.240 BB 0.7203 2.63548e4  569.05585 98.1651
2 39.693 BB 0.7218 492.60959 8.02860 1.8349

Totals : 2.68474e4  577.08445

Supplementary Figure 175. HPLC traces for racemic and chiral product 30
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mAU 3 S
] o
250 3 ©
200 o
1 N)LNJ[:]\CF
150 H 3
100 n-C4Fg oMe g
E e
504
04 : ;
O L L I L L
0 25 5 75 10 12.5 15 17.5 20
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

N R P |+-emmnee |+eeemne |- ees |
1 13.097 BB 0.3067 4493.03467 223.39069 50.0887
2 16.366 BB 1.1455 4477.12891 53.54652 49.9113

Totals : 8970.16357 276.93721

DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98C OD3-95-05-04.D)

mAU 3 S
700 ©
[Wel
500 3 >9'; N CFs
400 OMe
300 e O/ £ &
200 S
E N
100 o
0 ‘ . ;
L L L e e L
0 25 5 7.5 10 12.5 15 17.5 20
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.140 BB 0.3480 1.46455e4  652.15692 99.7673
2 16.747 MM 0.6239  34.16309 9.12557e-1  0.2327

Totals : 1.46796e4  653.06948

Supplementary Figure 176. HPLC traces for racemic and chiral product 3P
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DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-100K OD3-95-05-02.D)
mAU <+
120

100 0 /@\
1 NJLN CF.

80 H

2.231

3

60 n-C,Fg
40

20

T T T T T " T " T T T T " " T
5 10 15 20

Signal 5: DAD1 E, Sig=242,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
en| EECEEE e R e |--meene- |

1 20.174 BB 0.4113 3701.23022 139.62553 49.6375
2 22.231 BB 0.4689 3755.28735 122.75401 50.3625

Totals : 7456.51758 262.37954

DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-980 0806 OD3-95-05-02.D)
mAU ] ~

600

R QL
500? NJLN CF,
400 N
n-C,Fy O/ 3

300
200
100

22.044

N B A B A e e e T TR S S T e S S LA
25 5 75 10 125 15 17.5 20

Signal 5: DAD1 E, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area

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

cemefenneees |- omeenes |-ommenes | =mmmneees | -omenes |
1 20.107 BB ©.3905 1.89446e4  745.51324 97.1027
2 22.044 BB 0.6115 565.25977 15.14158 2.8973

Totals : 1.95098e4  760.65483

Supplementary Figure 177. HPLC traces for racemic and chiral product 3Q
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DAD1 D, Sig=230 4 Ref=off (LJS\3-6-100H OD3-95-05-02.D)
mAU e
120
¥
1 NN CFs
80 H
60 n-C4Fg Br
40
20
0
- 1 - T T I T I T T T T
5 10 15 20 25 30 min
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
) T B |- emnnnee |+emmmmmnee |--mnmnes |
1 23.6%0 BB ©.5366 4855.87451 140.72638 49.0477
2 27.710 MF 0.8129 5044.44141 103.42953 50.9523
Totals : 9900.31592 244.15591
DADA D, Sig=230,4 Ref=off (LJS\S-6-98L OD3-95-05-02.D) = = =
mAU 3
1L
400 >g N CFy
o :
200 N
0 \Qq’
(=] N
100 E%g?
0 : — .
5 ) [ |
5 10 15 20 25 min|

Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
seenf e P B |--nemmeeee e th |---e e |

1 23.794 BB 0.6220 2.3896%4  606.10822 95.5912
2 27.705 MF 1.1064 1102.15369 16.60305 4.4088

Totals : 2.4999%0e4  622.71127

Supplementary Figure 178. HPLC traces for racemic and chiral product 3R
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DAD1 C, Sig=242,4 Ref=off (LJS\S-6-100N AD3-95-05-05.D)

mAU 1 o
350
300 /@\
250 3 NTON CFs 5
E H 8
200 3
150% n-C,Fy <
100 -
50
04 : :
LA L S R FR U T T U
5 10 15 20 25 30 35
Signal 3: DAD1 C, Sig=242,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
s |mmeees e |-mmeemeees | mme e |=mmeeee |
1 15.888 BB 0.3917 9584.79395 380.68045 50.6591
2 34.667 BB 0.8430 9335.37891 168.85371 49.3409
Totals : 1.89202e4 549.53416
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-98S SEC AD3-95-05-05.D)
mAU | >
120
1 o
100 I /@\
60 — n-C,4Fg @ 3s
40 ©
1 g
20 <
P ©
0] L T S
é 1 B 1‘5 2‘0 215 3I0 3I5 min|
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU]

1 15.801 BB 0.4099 3706.19043 140.43170 92.5880
2 34.408 BB 0.7429 296.69266 5.31766

Totals :

4002.88309 145.74936

7.4120

Supplementary Figure 179. HPLC traces for racemic and chiral product 3S
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DAD1 D, Sig=230,4 Ref=360,100 (D:\DATA\DXY\D-S-6-108B RAC-ID-980204.D)

mAU ] 4 =
E S
] <
80 - NTs
60 -
| n-C4Fqy
40
20
o+ ‘ »
" " " T " " " " T " " " " T " T " " 7 T T "
5 10 15 20
Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R RSP P |-mmemmeees | -omeemeee |-mmmeee |
1 20.979 BB 0.4578 3059.14771 102.61470 51.1492
2 24.031 BB 0.5173 2921.68066 87.11403 48.8508
Totals : 5980.82837 189.72873
DAD1 D, Sig=230,4 Ref=360,100 (D:\DATA\DXY\D-S-6-108B-1D-980204.D)
mAU ] )
120 4
100 4
804
] o~
60 S
1 <
40 N
20
04 —

T T . + r T T T T . T . r r T T
5 10 15 20

Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
e RS |==oefommeees |-mmmmeeee |-mmmmneeee | =mmnmeee |
1 21.033 BB 0.4016 3415.71509 131.27971 74.6704
2 24.072 BB 0.4739 1158.67334  37.35483 25.3296
Totals : 4574.38843 168.63454

Supplementary Figure 180. HPLC traces for racemic and chiral product 3T
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-106 AD3-95-05-02.D)
mAU

200 -
150
100

50

0 25 5 75 10 125 15 17.5 20 225

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
) P | -mmmnnees | -mmme e | -meeee |
1 18.911 FM 9.5952 8293.58789 232.24873 50.6721
2 20.933 VB 0.5315 8073.58789 236.93889 49.3279

Totals : 1.63672e4  469.18762
DAD1 B, Sig=254 4 Ref=off (LJS\S-6-109 0 DU AD3-95-05-02.D)
mAU ©
250} FeC
200 1 Q
1 NTON CFs
150 f &%FZCOQMe
1004
] @0
50 S
] e
0 . —
: . — : : : — — ‘ — .
25 5 75 10 125 15 175 20 25
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 19.066 BB ©.3825 130.83678 5.44195 1.6322
2 20.816 BB ©.4302 7885.35889 283.77231 98.3678

Totals : 8016.19566 289.21426

Supplementary Figure 181. HPLC traces for racemic and chiral product 4A
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-109Q RACE OD3-90-10-045.D)
mAU ] o

0
100 2
80
60 -
40
20
0 ! — T
e —— e —
2 4 6 8 10 12 14 16 18 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R s |-mmmmee | -mmeee |
1 13.060 BB 0.3829 2760.13477 109.95606 50.1234
2 16.215 BB 0.4165 2746.53882 100.59978 49.8766
Totals : 5506.67358 210.55584
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-109Q OD3-90-10-045.D)
mAU 3
300€
250 0 Q
200 NN c
150 E >C::!\J—(|:F2C02Me

G

100
50

L N
0 2 4 6 8 10 12

~
S
-
]
-
©
=1
®
©
0 L =
1

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
S ROSEE | === -mmeee e |--- e |--mee oo |
1 13.127 BB 0.3651 2316.44653 96.13580 97.9963
2 16.308 BB 9.3959 47.36271 1.73811  2.0037
Totals : 2363.80924 97.87391

Supplementary Figure 182. HPLC traces for racemic and chiral product 4B
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-106G AD3-90-10-05.D)

mAU é
60
507 &
40 - w éb‘b'
30 T %
1 {8 &
20
10% L//\\M/\\\_
0]
— T T O ) Y EL T
0 25 5 75 10 125 15 175 20 225  min|
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S B R |--ommeeee |-mmmeeoee |--emee |
1 20.241 BV 0.4505 622.35138 21.44972 49.4197
2 21.345 MF 0.5023 636.96649 21.13545 50.5803
Totals : 1259.31787  42.58517
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-109H AD3-90-10-05.D)
mAU A
500
400
300 ~
] 8
200 &~
1 @
100 ]
r g
0 L + T
T 1 L O L L L T
0 25 5 7.5 10 12.5 15 17.5 20 225 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R R |--mmmeeees |ommmnnenee |-mmmeeee |
1 20.339 BB 9.3902  70.69450 2.76572  1.4640
2 21.382 BB 0.4592 4758.01465 158.95325 98.5360

Totals : 4828.70914 161.71896

Supplementary Figure 183. HPLC traces for racemic and chiral product 4C
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-106B SEC AD3-95-05-04.D)

mAU—; o
80 8
70 <
60
50
H
40 CF,CO,Me
30
20
10
0 A . \ :
e e e T T e e
5 10 15 20 25 30 35 40 min|
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S P [ P |-mmmmeeee |mmmmeee |--nmnee |
1 29.862 BB 0.6430 3654.70972 88.27077 50.0938
2 36.983 BB ©.9280 3641.02985 59.49714 49.9062
Totals : 7295.73877 147.76791
DAD1 D, Sig=230,4 Ref=off (LIS\S-6-109J SEC AD3-95-05-04.D)
mAU ] 3
100 -
80
60 TN—CF,CO,Me
40*: (;}@
1 3 ®
20 N 4
b I~ @
0 : ) 'ﬂ$,
T S S S A
5 10 15 20 25 30 35 40 min
Signal 3: DAD1 D, Sig=23@,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
RN ROCEE O |-mmmmmmee- T [-mmeeee |
1 29.763 BB 9.6266 4550.85645 111.40556 97.7813
2 37.294 MM 9.8737 103.26048 1.96976  2.2187
Totals : 4654.11693 113.37533

Supplementary Figure 184. HPLC traces for racemic and chiral product 4D
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DAD1 C, Sig=242,4 Ref=360,100 (LJS\S-6-106H AD3-90-10-06.D)

mAU Q
ee]
3
20 &
15
H
10 CF,CO,Me
5
0 ‘
I " U T 1 | ' 1
5 10 15 20 25 30
Signal 3: DAD1 C, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e RECEEE e e |<-mmmeee |----ee- |
1 20.449 BB 9.4952 798.98615 24.71168 50.2485
2 29.548 BB 0.6697 791.08398 17.68947 49.7515
Totals : 1590.07013  42.40115
DAD1 C, Sig=242,4 Ref=360,100 (LJS\S-6-1090 AD3-90-10-06.D)
mAU o
1754
150 o OF
125 oy
E H
100 ><:§k/CF2C02Me
75 &
50 4E 2 P
25 ‘c\,;?sz'z’
0 : ‘
T U U L T
5 10 15 20 25 30 min|
Signal 3: DAD1 C, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 20.665 MF 0.5220 283.78854 9.06128 2.7010
2 29.300 BB 0.8016 1.02230e4  193.74638 97.2990

Totals : 1.05068e4  202.80766

Supplementary Figure 185. HPLC traces for racemic and chiral product 4E
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-106C AD3-90-10-06.D)
mAU —: iy o
4 [=]
] N
40 o /@\ &
30 é NJ\m OMe
b CF,CO,Me
20
10 —
0] . . —
T T e e T e T T
5 10 15 20 25 mini
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ORI RS R R |-ommmeee |--memee |
1 18.757 BV 0.4459 1402.28833  48.41142 49.8962
2 27.203 BB 0.6115 1408.12195 35.14347 50.1038
Totals : 2810.41028 83.55489
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-109F AD3-90-10-06.D)
mAU _] ©
100 -
80
60
] AN
- k2
40: -
204 ~ 2
5 al
0 L T 1 T
-——— T
5 10 15 20 25 30
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 18.787 MF ©0.4638 138.87114 4.98993  2.7483
2 26.746 BB 0.6212 4914.18896 121.14713 97.2517

Totals : 5053.06010 126.13706

Supplementary Figure 186. HPLC traces for racemic and chiral product 4F
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-109G RACE AD3-97-03-03.D)

mAU B &
E| R
702
60 4
50 3
40 N
30 4 CF,CO,Me
20
104
04 —
T T T T T T T T T T T T T T T
5 10 15 20 min
Signal 3: DAD1 D, Sig=238,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e |=nenfemnnnee [-nmmmnenes |-mmmmmnnas | -nmmnnee |
1 18.457 BB ©.5276 2741.54102  81.27146 49.8816
2 21.927 BB ©.5843 2754.55054  73.65489 50.1184
Totals : 5496.09155 154.92635
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-109G AD3-97-03-03.D)
125
100 4
753
50 =
E N
25 ©
U i \/\_'__ 1 T
! ! : . T : ! ! : T ! ! : . ‘ . : : ! T ! . I
5 10 15 20 25
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e [ |- |=emeeees |- |
1 18.274 BB 0.5062 218.56804 6.81420 2.6333
2 21.651 BB 0.5798 8081.47705 218.35892 97.3667

Totals : 8300.04509 225.16512

Supplementary Figure 187. HPLC traces for racemic and chiral product 4G
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DAD1 B, Sig=254,4 Ref=360,100 (LJS\S-6-109K RACE OD3-97-03-02.D)

mAU < ©
80 3 3
70 =
60 5
50 N CFy
403 CF,CO,Me
304
204
103
0 , ;
T T U — T T 1 T U T 7 T
5 10 15 20 25 30 min
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e RS |--eemmeeeee R |-ome e |--meeeev |
1 25.574 BB 0.5547 3158.97607 88.44090 50.0967
2 29.476 BB 0.6199 3146.77954 78.45965 49.9033
Totals : 6305.75562 166.96054
DAD1 B, Sig=254,4 Ref=360,100 (LJS\S-6-109K OD3-97-03-02.D)
mAU
100 |
80
60 -
40
20
0]
r— -~ - 1 T T 1 T T T T 1
5 10 15 20

Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

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

1 25.590 BB 0.5516 4052.02686 113.75243 95.7100
2 29.508 FM 09.6596 181.62512 4.58960 4.2900

Totals : 4233.65198 118.34203

Supplementary Figure 188. HPLC traces for racemic and chiral product 4H
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DAD1 B, Sig=254,4 Ref=360,100 (LJS\S-6-109L RACE OD3-97-03-02.D)

mAU J = 5
E %
60 FsC
2
40 N CFs
30 CF,CO,Me
20
10
0
T T T T T T T
10 15 20 25 min
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
N EEoeei P | --mmmmees |--mmmeee |-mmmmees |
1 23.080 BB 0.4976 2271.62842 70.92879 49.9807
2 25.907 BB 0.5530 2273.38086 63.90498 50.0193
Totals : 4545.00928 134.83378
DAD1 B, Sig=254,4 Ref=360,100 (LJS\S-6-109L OD3-97-03-02.D)
mAU—; ©
140
120
1007;
80
60—;
40 8
] @
20 &
0 .

5

T T T T T
15 20

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

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

] e P | -mmeeeees | -mmme e | mmeeee |
1 23.106 BB 0.5002 5106.04883 158.36592 95.9077
2 25.988 BB 0.5385 217.87109 6.16192  4.0923

Totals : 5323.91992 164.52784

25

Supplementary Figure 189. HPLC traces for racemic and chiral product 41
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DAD1 C, Sig=240,4 Ref=off (LJS\S-6-106D AD3-95-05-045.D)

H
CF,CO,Me

0 5 10 15 20 25 min|
Signal 3: DAD1 C, Sig=240,4 Ref=off

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

1 22.164 BB 0.5033 542.76874 16.26550 49.8301
2 24.378 BB 0.5277 546.46912 15.79296 50.1699

Totals : 1089.23785 32.05846

DAD1 C, Sig=240,4 Ref=off (LJS\S-6-109] AD3-95-05-045.D)
mAU o

160
140 o /@\
100 E CF,CO,Me

120
80

60
40
20

22.074

0 5 10 15 20 25 r
Signal 3: DAD1 C, Sig=240,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P |-mmmeeee |-ommme e |--nneee- |

1 22.074 BB 0.4836 113.29708 3.44599 1.9762
2 24.218 BB 0.5251 5619.78711 165.12523 98.0238

Totals : 5733.08419 168.57121

Supplementary Figure 190. HPLC traces for racemic and chiral product 4J
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-106E AD3-95-05-06.D)
mAU

o
2 J QN
NJ\N Br

20
15
10

N
CF,CO,Me

©o

o0

N

©
5 A
0 ,

1 ?25213

T T T T T T T T T T ’ T T T T T T T T
0 5 10 15 20

25

min

Signal 4: DAD1 D, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R Rttt |--eef e |--nmeeeee o0 |--mneee- |
1 16.286 BB 0.4051 262.91132 9.98912 50.1903
2 26.213 BB 9.5799 260.91800 6.64845 49.8097

Totals : 523.82932 16.63757

DAD1 D, Sig=230,4 Ref=off (LJS\S-6-109N AD3-95-05-06.D)
mAU
500

400
300

200

100

16.575

] Fzssgs

T T T T T T T T T T T T
0 5 10 15 20

25

min

Signal 4: DAD1 D, Sig=230,4 Ref=off

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

1 16.575 BB 0.3735 388.19284  15.86223 5.8823
2 25.695 BB 0.5854 6211.13281 163.42307 94.1177

Totals : 6599.32565 179.28530

Supplementary Figure 191. HPLC traces for racemic and chiral product 4K
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-91C OD3-97-03-02.D)
mAU

£ &
30
20
10
105
-20
-30
- 1 T T T T T 1 T T T T T T ]
0 5 10 15 20 25 30 35 min|
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S R R e R R s | -mmem oo |
1 30.716 BB 0.6670 1826.91833 41.87351 50.0669
2 33.821 BB 0.7082 1822.03638 38.63860 49.9331
Totals : 3648.95471 80.51211
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-105 OD3-97-03-02.D)
3 ~
mAU,; 3
60*;
50
40
30§ '_b"\
204 P q’b@
3 m 'iA
10 oy
0 ; VANS
L Y L | "
0 5 10 15 20 25 30 35 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ORI EEEEER |==eef-mmee |-=mmmmes |-mmmeeee |-emeeee |
1 30.547 BB 0.7163 2922.48291 62.87646 92.4020
2 33.881 MF 0.8204 240.31059 4.88187 7.5980
Totals : 3162.79350 67.75834

Supplementary Figure 192. HPLC traces for racemic and chiral product 5A
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-102C AD3-95-05-04.D)
mAU

70
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ot—— A

i : T . T T . T T T I T . T . T
10 20 30 40

Signal 3: DAD1 D, Sig=230,4 Ref=off

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

1 32.353 BB
2 36.015 BB

0.6955 3116.70142
0.5710 3102.76538

67.65095 50.1120
83.99167 49.8880

Totals : 6219.46680 151.64262

i v
50 min|

DAD1 D, 5ig=230,4 Ref=off (LJS\5-6-1055 DABANG AD3-05-05-04.0)

mAU <t
140
120
100

N
o o
L>,

32,535
|

T " " T \ " " T " T " " — 1
10 20 30 40

Signal 3: DAD1 D, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R P | -nmmmeee | -mmmmeeee |-mmmmees |
1 32.535 BB 0.5922 315.44385 6.83765 3.7296
2 36.464 BB 0.8076 8142.33008 153.81068 96.2704
Totals : 8457.77393 160.64834

Supplementary Figure 193. HPLC traces for racemic and chiral product 5B

$113

T .
50 min|



DAD1 B, Sig=254,4 Ref=off (LJS\S-6-102B SEC 0D3-95-05-05.D)

mAU
60
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40 <«
5 -
30 2 %
20 A s
" /\ k
0 o : :
-7 - - - - I - - - - I - T - T 1 T T T T 1 T T T T 1 T T
0 5 10 15 20 25 30
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
) P e |-mmmnnees | mmeeeeees |--mmmeee |
1 23.974 BB 0.6997 1021.82849 20.49335 50.2755
2 31.521 BB 0.7449 1010.62885 16.13207 49.7245
Totals : 2032.45734 36.62542
DAD1 B, Sig=254,4 Ref=0off (LJS\S-6-105E DABANG 0OD3-95-05-05.D)
mAU
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E o~
500 /\ 2
2504 «@
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— T T I

T
10 15 20 25 30
Signal 2: DAD1 B, Sig=254,4 Ref=off

o
[}

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el RS P e | mmmeeees |-nmeeees |
1 23,948 BB 9.7137 2.57170e4 534,11377 97.3548
2 32.378 BB 9.7091 698.74554 11.96944 2.6452

Totals : 2.64157e4  546,08321

Supplementary Figure 194. HPLC traces for racemic and chiral product 5C
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-102A OD3-95-05-05.D)
mAU ]
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1 ©
40 o7
5 8 g ¢
302 < ;§§
20
10 —
0 ] T 77_
5 ) L A
0 5 10 15 20 25 30 min
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
s |mmeees e | -mmeemeee |--mmmeeee |-mmmeees |
1 28.520 BB 0.6530 1126.02942 24.19506 45.1425
2 31.882 MF 0.9721 1368.36169 23.45948 54.8575
Totals : 2494.39111 47.65454
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-105A FL OD3-95-05-05.D)
mAU 7
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04 sh gﬁ.
A L A
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Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
ceeef e P R | --nmmneee | -ommmeene |--mmneee |

1 28.731 BB 0.7663 3372.67847 63.84912 96.9304
2 32.117 MM 0.8196 106.80743 2.17200  3.0696

Totals : 3479.48589 66.02112

Supplementary Figure 195. HPLC traces for racemic and chiral product 5D
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DAD1 B, Sig=254,4 Ref=0off (LJS\S-6-91D AD3-95-05-04.D)
mAU X

.647

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R B |-ommmeeeee e |-ooeeee |
1 23.828 BB 0.4906 825.62091 24.91761 50.1276
2 25.647 BB 0.5443 821.41687 22.37748 49.8724

Totals : 1647.03778  47.29509

DAD1 B, Sig=254,4 Ref=off (LJS\5-6-105D DABANG AD3-95-05-04.D)

T
5 10 15 20 25
Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area

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

1 23.554 BB 0.5595 1.18147e4  325.49966 94.8357
2 25.586 MF 0.6369 643.36609 16.83549 5.1643

Totals : 1.24580e4  342.33515

Supplementary Figure 196. HPLC traces for racemic and chiral product 5E
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-102E OD3-95-05-05.D)

mAU
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- - - - - - - - 1 - - - - T - - - 1 - - T T 1 T T T 1T T T T T 1
0 5 10 15 20 25 30 mir
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
B e R |-mmeee e |--meeee |
1 22.230 BB 0.8903 304.10242 4.00317 49.1315
2 25.456 BB 0.6946 314.85309 5.39678 50.8685
Totals : 618.95551 9.39995
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-105F DABANG SEC 0D3-95-05-05.D)
mAU 7
50
40
30é
zué
10
0

Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

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

1 21.794 BB 0.9598 3927.75415 55.49100@ 94.5663
2 25.514 BB 0.5990 225.68350 4.42540  5.4337

Totals : 4153.43765 59.91641

Supplementary Figure 197. HPLC traces for racemic and chiral product 5F
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DAD1 D, Sig=230,4 Ref=360,100 (LJS\S-6-102M AD3-95-05-03.D)
mAU

704
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20
10

Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el EECEE R s | = mee e |-meeev |
1 33.956 BB 0.6428 3555.83887 85.57086 49.6325
2 39.646 MF 0.9729 3608.50195 61.81738 50.3675

Totals : 7164.34082 147.38824

DAD1 D, Sig=230,4 Ref=360,100 (LJS\S-6-105H AD3-95-05-03.D)
mAU _E @
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—— [T
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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] %
weee[-eenee |--ee]oeeee- |-oeemenes R |-oeeeme- |

1 33.846 BB 0.6969 3.04732e4  672.22363 96.0533
2 39.984 MF ©0.9508 1252.10388 21.94824  3.9467

Totals : 3.17253e4  694.17187

Supplementary Figure 198. HPLC traces for racemic and chiral product 5G
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DAD1 D, Sig=230,4 Ref=off (LJS\S-6-102F OD3-97-03-03.D)

mAU |
80 3
] © I
60 & =
] (2]
40
20 -
0 . S
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R P [--mmmee |-nmmmmeees O |
1 26.694 BB 0.7237 3018.39380 59.72080 50.0360
2 31.877 BB 0.8542 3014.05322 50.50678 49.9640
Totals : 6032.44702 110.22758
DAD1 D, Sig=230,4 Ref=off (LJS\S-6-105C DABANG SEC OD3-97-03-03.D)
mAU —
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L sy [ e e y F L L |
0 5 10 15 20 25 30 min|

Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 27.144 BB 0.6937 3243.47607 70.64324 95.7253
2 32.705 MM 0.9172 144.84056 2.63191 4.2747

Totals : 3388.31664  73.27515

Supplementary Figure 199. HPLC traces for racemic and chiral product 5H
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DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-102J AD3-95-05-04.D)
mAU
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276

5““10“"15r r20““25
Signal 5: DAD1 E, Sig=242,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
Rl RERECEE e R |---mmmeee |--mmmeeee |---eee |

1 24.305 BB ©.5277 6541.30176 191.88148 49.3372
2 29.276 BB ©.5659 6717.06250 181.43373 50.6628

DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-105J AD3-95-05-04.D)
mAU
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— — T —— T
5 10 15 20 25

Signal 5: DAD1 E, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
S R e R S R |---mee |

1 24.430 BB 0.4891 1282.37683  40.97277  2.5406
2 29.185 BB 0.5749 4.91935e4 1325.83667 97.4594

Supplementary Figure 200. HPLC traces for racemic and chiral product 5I
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DAD1 E, Sig=242,4 Ref=360,100 (LJS\S-6-1020 AD3-95-05-04.D)
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5 10 15 20 25 mir
Signal 5: DAD1 E, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e BEEE e R |--mme e |--mmee |
1 20.508 BB 0.4519 1499.59351 51.47649 48.2506
2 22.080 BB 0.4644 1608.33240 52.94954 51.7494
DAD E, Sig=242,4 Ref=360,100 (LJS\S-6-105K AD3-95-05-04.D)
mAU 3 ]
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Signal 5: DAD1 E, Sig=242,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 20.662 BB 0.3918 164.43910 6.48494 1.5631
2 22.168 BB 0.4084 1.03558e4  384.22083 98.4369

Totals : 1.05203e4  390.70577

Supplementary Figure 201. HPLC traces for racemic and chiral product 5J
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-102G AD3-95-05-03.D)

2 e
s 9
N (3]
A JoN
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e Rt e R |<rmmmeeeee |--meeee |
1 28.713 BB 0.5417 402.19135 10.62396 50.2056
2 30.575 BB 9.5280 398.89719 9.81741 49.7944

Totals : 801.08853  20.44136

DAD1 B, Sig=254,4 Ref=off (LJS\S-6-105G 0731 AD3-95-05-03.D)
mAU
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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] %
ol Rt P |--mmee e |--mmeee |--mn--e- |

1 28.422 BB 0.5897 3449.52417  89.49028 98.0698
2 30.251 MM 0.7044  67.89333 1.60649 1.9302

Totals : 3517.41750  91.09677

Supplementary Figure 202. HPLC traces for racemic and chiral product 5K
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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 O R [ -mmemnees | -ommeee |-ommnees |
1 27.140 BB 9.6191 1120.65088 27.51812 48.9626
2 30.312 BB 0.6759 1168.13635 25.71930 51.0374
Totals : 2288.78723 53.23742
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-89 FL OD3-97-03-02.D)
mAU oS
40 CF,
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T T L I A L I 1 T i U i
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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 27.392 BB 0.6755 2122.24951  48.40322 96.4644
2 30.704 MM 0.7180  77.78353 1.80551 3.5356

Totals : 2200.03304  50.20873

Supplementary Figure 203. HPLC traces for racemic and chiral product 6A
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DAD1 A, Sig=214,4 Ref=off (LJS\S-6-42K RACE OD3-95-05-08.D)
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T T T i T T T i T T T T T
0 25 5 7.5 10 12.5 15 17.5 20
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
L R R R |-ommmmoeee |---mmoe- |
1 11.881 BB 0.4268 966.87738 34.09987 50.2905
2 18.658 BB 0.6868 955.70776 20.46592 49.7095
Totals : 1922.58514 54.56579
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-99H FL OD3-95-05-08.D)
mAU 5
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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] %

T R R P s |-mmmmne s | =mmmnee |
1 11.907 BB 0.3899 1476.77991 56.70092 97.9820
2 18.865 MM 0.6654 30.41578 7.61827e-1 2.0180

Totals : 1507.19568 57.46275

Supplementary Figure 204. HPLC traces for racemic and chiral product 6B
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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 |- -mnmee |-mmmmneee | -ommmmeee |-ommmeee |
1 14.522 BB 0.3010 302.49976 15.41201 49.4126
2 18.217 BB 0.4040 309.69238 11.65386 50.5874
Totals : 612.19214 27.06587
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-99G FL AD3-95-05-06.D)
mAU @
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T T T 1 T T T T T T
25 5 7.5 10 12.5 15 17.5

Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R [ P |--mmmnees |+-mmmeees |+=mmmeee |
1 14.099 BB ©0.3725 4135.83594 173.25687 97.9434
2 17.939 FM 0.5076 86.84470 2.85146 2.0566

Totals : 4222.68063 176.10833

Supplementary Figure 205. HPLC traces for racemic and chiral product 6C
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-44N RACE AD3-85-15-06 0610.D)

mAU o
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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 SR R | -mmomenoee | -omomnoees l-omneee |
1 11.855 BB ©.3346 30@96.17554 144.16483 49.5979
2 22.305 BB 9.6841 3146.38086 70.30178 50@.4021
Totals : 6242.55640 214.46661
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-99E AD3-85-15-06.D)
mAU ®
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T T T T T r T T T T T T T T T T T T
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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 | -mme]omeeee R | -omeeeoee |--meeee |

1 12.006 BB 0.2817 901.44043  49.22179 5.1912
2 21.328 BB 0.7332 1.64632e4  321.61359 94.8088

Totals : 1.73646e4  370.83537

Supplementary Figure 206. HPLC traces for racemic and chiral product 6D
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-95D IA-95-05-015.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] %
ceeef e R et |-ommnneee |-nmmeeee |
1 51.196 BB 1.0740 1157.40601 14.96943 50.6465
2 54.756 BB 1.1334 1127.85547 13.54513 49.3535
Totals : 2285.26147 28.51456
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-99L SEC IA-95-05-015.D)
mAU |
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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] %

Semnfmmeee- [ E . [ |-eeeeees |
1 50.530 BB 1.1314 3018.44897 39.06741 96.0179
2 54.286 MM 1.2550 125.18204 1.66238 3.9821

Totals : 3143.63102  40.72979

Supplementary Figure 207. HPLC traces for racemic and chiral product 6E
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DAD1 D, Sig=230,4 Ref=360,100 (LJS\S-6-99K RACE 0904 1A-97-03-012.D)

mAU_; 2 b?;b‘bm q{ba:,
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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] %
e R |----] <o mmee- |---emeee |--meee oo |---ne - |
1 91.693 MM 2.7609 3545.35767 21.40191 51.7177
2 100.355 MM 2.9621 3309.85449  18.62327 48.2823

DAD1 D, Sig=230,4 Ref=360,100 (LJS\S-6-99K 0904 1A3-97-03-012.D)
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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 90.397 BB 2.1876 7067.36133  44.91763 94.8467
2 99.740 MM 2.7712 383.99368 2.30940  5.1533

Totals : 7451.35501  47.22704

Supplementary Figure 208. HPLC traces for racemic and chiral product 6F
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DAD1 A, Sig=254,4 Ref=360,100 (LJS\S-6-44J RACE OD3-95-05-05.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] %
e e P |--mmeee |-ommeeee |-mmmeee- |
1 15.267 BB 0.5389 1095.89917 30.23511 50.1119
2 26.555 BB 0.8261 1091.00635 18.77080 49.8881
Totals : 2186.96552 49.00591
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-99J OD3-95-05-05.D)
mAU 3
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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 e P L |-mmmmeeee | -mmmeee |
1 15.144 BB 0.4477 4937.81982 166.65843 96.9776
2 26.141 BB 9.5554 153.89075 3.25614 3.0224

Totals : 5091.71057 169.91458

Supplementary Figure 209. HPLC traces for racemic and chiral product 6G
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DAD1 B, Sig=254,4 Ref=off (LJS\S-6-\S-6-75C RACE SEC ODH-90-10-05.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
O RESRE R s |--emmeee e |-nmeeees |
1 14.835 BB ©.3396 2155.80127 96.88145 50.3631
2 18.343 BB ©.5438 2129.82087 58.91344 49.6969
Totals : 4285.62134 155.79489
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-143B PURI ODH-90-10-03.D)
mAU 7
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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 15.038 BB 0.4191 7270.91748 264.16098 95.5101
2 19.042 MF 0.6711 341.80203 8.48827 4.4899

Totals : 7612.71951 272.64925

Supplementary Figure 210. HPLC traces for racemic and chiral product 6H
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DAD1 A, Sig=254 4 Ref=360,100 (WANGFULI\FL-3-3-ODH-9703-04.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] %
o B e s |-mmmmeeee | -ommmmeee |--mneee- |
1 15.313 BB 0.5343 2511.54956 70.72455 50.1288
2 19.864 BB 0.6905 2498.64233 54.33309 49.8712
Totals : 5010.19189 125.05764
DAD1 A, Sig=254,4 Ref=360,100 (WANGFULI\FL-3-4-ODH-9703-04-007.D)
mAU - ©
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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 P | +-mmmmees |+mmmeees | --eeeeev |
1 15.276 BB 9.4853 3902.15869 120.64567 98.6842
2 19.917 MM 9.5844 52.082936 1.48379 1.3158

Totals : 3954.18805 122.12946

Supplementary Figure 211. HPLC traces for racemic and chiral product 7
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DAD1 C, Sig=240,4 Ref=off (WFL\FL-2-220-OD3-9901-02-7UL.D)

o«
3 S
r~ o
3] w0
o«
CF,CO,Me
I W L .
— 1 T T 1 T T v T 1 T T T [ T T T T T T T T T T T 1T i
0 5 10 15 20 25 30 35 40 mir
Signal 3: DAD1 C, Sig=24@,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mau] %
e RIS P | -mmmmeeees | -mmmmmeee- [ -mmmeees |
1 27.543 BB 1.6996 9819.55664 86.29022 50.6422
2 36,997 BB 1.8452 9570.49902 75.17974 49,3578
Totals : 1.93901e4 161.46996
DAD1 C, Sig=240,4 Ref=off (WFL\FL-3-11-OD3-9901-02-5UL SEC.D)
mAU_i
200—2
1 ©
150 | S
1 @
] o
1002 <&
50 3 &
] 5 &
04 . — .
- 1 - - 1 - - T T 71 T 1 T I T T T I T
0 5 10 15 20 25 30 35 40 min|

Signal 3: DAD1 C, Sig=240,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
SR RECERE R |-mmeemeee R | <nmeeeee |
1 28.076 BB 1.3581 9523.89648 105.41274 97.9580
2 38.194 MM 1.8988 198.53592 1.74263  2.0420

Totals : 9722.43240 107.15537

Supplementary Figure 212. HPLC traces for racemic and chiral product 9
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DAD1 C, Sig=214,4 Ref=360,100 (SNAPSHOT.D)
mAU

- 55.875

600
500 N

E |
400 ‘ B AV
[}

300 | 4 &
200 Y ™\

100 [\ [ -

0 10 20 30 40 50 60 70 80

Signal 2: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
L R R |mmmeeee R |==mmeee |
1 55.875 MM 2.0890 7.24172e4 577.77454 49,8406
2 78.856 MM 4.9435 7.28804e4 245.71243 50.1594

Totals : 1.45298e5  823.48697

DAD1 C, Sig=214,4 Ref=360,100 (SNAPSHOT.D)
mAU

77.268

350
300
250
200
150
100

50

10 20 30 40 50 60 70 80
Signal 2: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
R P |-mmmmeeees R |=nnmmees |

1 55.481 MM 2.3563 4116.32275 29.11551 3.2185
2 77.268 MM 4.6850 1.23777e5 440.33621 96.7815

Totals : 1.278%4e5  469.45172

Supplementary Figure 213. HPLC traces for racemic and chiral product 10
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mAU

140

£
100 4 N“N OMe
80 CH,

E Ph
604 C4Fq

1 >34.010

7 T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30

35

Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el BT R R |-mmeeeeee |---eeee |
1 24.230 BB 0.6180 1708.02612 43.13251 49.9733
2 34.010 BB 0.7892 1709.84998  33.29166 50.0267
Totals : 3417.87618 76.42417
DAD1 B, Sig=254,4 Ref=off (LJS\S-6-103A AD3-97-03-03.D)
mAU 3
50 8
30 NJ]\N OMe
., CHj
20 Ph
n-C4Fgy 15
10
0 A
5 w45 a4 3% mil

Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

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

R P O P |- e | +mmmmmee |- |
1 24.600 BB ©.5368 1908.92712 55.56793 50.3778
2 34.229 BB ©.7339 1880.29944 39.46050 49.6222

Totals : 3789.22656  95.02843

Supplementary Figure 214. HPLC traces for racemic and chiral product 15
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Supplementary Methods

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. CuBr and Ag.COs were purchased from
Sigma-Aldrich. Chiral phosphoric acid (CPA) was purchased from Daicel Chiral
Technologies (China). Difluoromethylsulfonyl chloride and methyl 2-(chlorosulfonyl)
-2,2-difluoroacetate were purchased from 9dingchem (China). Ethyl isobutyrate
(i-PrCO2Et) was purchased from Adamas-beta® (Product Code: 91931B) and
transferred under an argon atmosphere. 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 126 MHz for *C NMR and 376 MHz for °F
NMR in CDCIs, Acetone-ds 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 13C NMR are reported in terms of chemical shift (8, 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 = 254, 242, 230 or 214 nm). Column conditions are
reported in the experimental section below. Absolute configuration of a product was
determined by X-ray analysis.

General procedure for the synthesis of substrates:
Substrates 1 with N-aryl urea groups was synthesized according to the procedures
previously reported.!
1-(4-(3-bromophenyl)-2,2-dimethylpent-4-en-1-yl)-3-(3-(trifl
j'L Q uoromethyl)phenyl)urea (1r)

1 14 NMR (500 MHz, CDCls) 6 7.88 (br, 1H), 7.57 (s, 1H), 7.47

(s, 1H), 7.46-7.38 (m, 1H), 7.38-7.33 (m, 1H), 7.29 (d, J = 8.0

i Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.12 (t, J = 8.0 Hz, 1H),
5.87-5.52 (br, 1H), 5.23 (s, 1H), 5.02 (s, 1H), 3.00 (d, J = 6.0 Hz,
2H), 2.40 (s, 2H), 0.72 (s, 6H).
13C NMR (126 MHz, CDCls) 6 156.4, 145.7, 145.2, 134.5, 139.8, 131.6 (q, J = 32.5
Hz), 129.9, 129.8, 127.7, 126.8, 124.9, 124.2 (q, J = 275.2 Hz), 123.0, 119.7, 118.7,
116.6, 50.5, 45.1, 36.0, 25.7.
F NMR (376 MHz, CDCls) 6 -62.7 (s, 3F).
HRMS (ESI) m/z calcd. for C21H23BrFsN20 [M+H]* 455.0946, found 455.0940.

$135



o Q 1-(4-(3-chlorophenyl)-2,2-dimethylpent-4-en-1-yl)-3-(3-(trifl

N cf, | uoromethyl)phenyl)urea (1u)

'H NMR (500 MHz, CDCl3) 6 7.56-7.41 (m, 3H), 7.36-7.29 (m,

2H), 7.26-7.15 (m, 4H), 5.46 (br s, 1H), 5.25 (s, 1H), 5.04 (s,
c 1H), 3.01 (d, J = 6.0 Hz, 2H), 2.42 (s, 2H), 0.74 (s, 6H).

13C NMR (126 MHz, CDCls) & 156.1, 145.1, 145.0, 139.5, 134.2, 131.6 (q, J = 34.4

Hz), 129.6, 129.5, 127.3, 126.5, 124.6, 123.9 (q, J = 272.4 Hz), 122.7, 119.5, 118.4,

116.3 (d, J=4.6 Hz), 50.2, 44.8, 35.8, 25.4.

F NMR (376 MHz, CDCls) 6 -62.8 (s, 3F).

HRMS (ESI) m/z calcd. for C21H23CIF3N20 [M+H]" 411.1451, found 411.1454.

-y N-(3,5-bis(trifluoromethyl)phenyl)-2,4,4-trimethyl-2-phenyl
o /@ pyrrolidine-1-carboxamide (3AA)
oA, | IH NMR (500 MHz, CDCls) § 7.55 (br s, 2H), 7.50-7.39 (m,

% n | BH), 735 (brs, 1H), 6.34 (br s, 1H), 3.74 (d, J = 10.5 Hz, 1H),
3.65 (d, J = 10.5 Hz, 1H), 2.28 (d, J = 13.5 Hz, 1H), 2.19 (d, J =
13.5 Hz, 1H), 1.97 (s, 3H), 1.28 (s, 3H), 1.13 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.8, 147.3, 141.1, 132.5 (g, J = 33.2 Hz), 129.9,

128.2, 126.1, 123.8 (q, J = 273.2 Hz), 119.4, 1163 (p, J = 3.9 Hz), 67.3, 62.5, 60.8,

36.4, 29.5, 29.3, 27.8.

19F NMR (376 MHz, CDCls) 8 -63.1 (s, 6F).
HRMS (ESI) m/z calcd. for CoaHasFsN20 [M+H]* 445.1715, found 445.1716.
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General procedure A: direct asymmetric intramolecular radical
aminoperfluoroalkylation of alkenes
O = h 1 =
,-R2 JI\ /OI_R (@] N o1
: N CuBr (10 mol%) 7R
R? N N (S)-A1 (5 mol%) : R? NJ\N X
* n-C4FgS0,Cl ————————— "\ R2 H
Ag,CO3 (0.6 equiv) KN R3
2a i-PrCOLEt, 28 °C  n-C4Fqy @
:_R3 1 3 —
x (S)-A1: Ar = 4-Ph-CgHy

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol,
10 mol%), Ag2COs (16.56 mg, 0.06 mmol, 0.6 equiv) chiral phosphoric acid (S)-Al
(3.1 mg, 0.005 mmol, 5 mol%), n-C4FsSOCI (2a) (38.15 mg, 0.12 mmol, 1.2 equiv)
and ethyl isobutyrate (1.0 mL) at 28 °C, and the sealed tube was then stirred at 28 °C.
Upon completion (monitored by TLC), the reaction mixture was directly purified by a
silica gel chromatography [eluent: petroleum ether/EtOAC 100/0-5/1, using
petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the
desired product 3.

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

o N
,-R2 1R o) “Z3
:RZR NJKN ) CuBr (20 mol%) L, J§ /@m
H H (PhO),P(0)OH (50 mol%) R N~ N
+ RfSO,CI ‘R2 H
Ag,CO3 (0.6 equiv) N RS
_ 2 i-PrCO,Et Rf @
:_RS 1 —
0.1 mmol R; = C4Fg, CF3, CF,CO,Me, CF,H

The racemic products were prepared following the same procedure described above
using urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (2.86 mg, 0.02 mmol, 20 mol%),
Ag>CO3 (16.56 mg, 0.06 mmol, 0.6 equiv) and diphenyl phosphate (12.5 mg, 0.05
mmol, 50 mol%) as catalyst at 28 or 40 °C in ethyl isobutyrate (1.0 mL) for 12-48 h.
Upon completion (monitored by TLC), the solvent was removed in vacuo, and the
residue was purified by a silica gel column chromatography (eluent: petroleum
ether/EtOAc = 100/0-5/1) to give the desired products.

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(2,2,3
Q ,3,4,4,5,5,5-nonafluoropentyl)-2-phenyl-pyrrolidine-1-carbo
>9‘ v Cf|  xamide (3A)
n-C4Fq @ A HPLC analysis: Chiralcel 1D (hexane/i-PrOH = 97/03, flow
rate 0.2 mL/min, A = 230 nm), tr (major) = 17.57 min, tr
(minor) = 20.36 min.

IH NMR (500 MHz, CDCls) & 7.83 (s, 2H), 7.45 (s, 1H), 7.39-7.29 (m, 4H),
7.26-7.24 (m, 1H), 6.82 (s, 1H), 3.82 (dd, J = 35.0, 14.0 Hz, 1H), 3.59-3.42 (m, 2H),
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2.85-2.83 (M, 1H), 2.78 (d, J = 13.5 Hz, 1H), 2.24 (d, J = 13.5 Hz, 1H), 1.12 (s, 3H),
0.87 (s, 3H).

13C NMR (126 MHz, CDCl3) § 153.2, 145.5, 140.2, 131.9 (q, J = 33.3 Hz), 128.3,
127.1, 125.7, 123.1 (q, J = 272.7 Hz), 119.6 (d, J = 4.0 Hz), 116.3 (p, J = 3.8 Hz),
121.2-106.8 (m), 68.9, 61.2, 53.1, 36.5, 36.2 (t, J = 18.4 Hz), 28.2.

19F NMR (376 MHz, CDCls) § -63.2 (s, 6F), -81.2 (t, J = 9.8 Hz, 3F), -107.3 (AB, d,
JrF = 270.7 Hz, 1F), -117.1 (AB, d, Jrr = 271.9 Hz, 1F), -124.5 (s, 2F), -125.7 ~
-125.8 (m, 2F).

HRMS (ESI) m/z calcd. for CasHzoF1sN20 [M+H]* 663.1493, found 663.1487.

0 (R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phen
@*HQ yI-N-(2-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide
CFs4
n-C4Fqy @ 3B (BB)

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate
0.2 mL/min, A = 254 nm), tr (Major) = 19.23 min, tr (minor) = 23.88 min.

'H NMR (500 MHz, CDCls3) 6 8.11 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.53
(t, J = 8.0 Hz, 1H), 7.38-7.35 (m, 4H), 7.28-7.23 (m, 1H), 7.17 (t, J = 7.5 Hz, 1H),
6.85 (s, 1H), 3.84 (dd, J = 36.5, 16.0 Hz, 1H), 3.57 (d, J = 8.0 Hz, 1H), 3.51 (d, J =
8.0 Hz, 1H), 2.88-2.71 (m, 2H), 2.27 (d, J = 13.5 Hz, 1H), 1.21 (s, 3H), 0.94 (s, 3H).
13C NMR (126 MHz, CDCl3) & 153.2, 145.8, 136.6 (d, J = 2.1 Hz), 132.8, 128.3,
126.9, 125.9, 125.8 (q, J = 5.4 Hz), 124.5 (q, J = 272.7 Hz), 124.4, 123.1, 119.6 (q, J
=29.1 Hz), 121.5-106.5 (m), 68.6, 60.8, 53.2, 36.4, 36.2 (t, J = 18.2 Hz), 28.4, 28.3.
F NMR (376 MHz, CDCls) § -60.8 (s, 3F), -77.6 ~ -84.5 (m, 3F), -107.2 (AB, d,
JrF = 269.6 Hz, 1F), -116.9 (AB, d, Jr-r = 269.6 Hz, 1F). -124.2 ~ -124.7 (m, 2F),
-125.5 ~ -125.9 (m, 2F).

HRMS (ESI) m/z calcd. for C2sH23F12N20 [M+H]" 595.1619, found 595.1613.

5 (R)-N-(3-chlorophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nona
NJLNQC, fluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3C)
>9 i\ HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow
s @ 3c rate 0.3 mL/min, A = 254 nm), tr (Major) = 13.55 min, tr (Minor)
= 16.06 min.
'H NMR (500 MHz, CDCl3) & 7.54 (s, 1H), 7.38-7.36 (m, 4H), 7.28-7.24 (m, 2H),
7.20 (t, J=8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 3.82 (dd, J = 36.0, 14.5
Hz, 1H), 3.55-3.50 (m, 2H), 2.95-2.73 (m, 2H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H),
0.92 (s, 3H).
13C NMR (126 MHz, CDCl3) 6 153.6, 146.2, 140.4, 134.8, 130.1, 128.6, 127.2, 126.2,
123.4, 120.3, 118.2, 121.2-106.8 (m), 68.9, 61.4, 53.5, 36.8, 36.6 (t, J = 18.5 Hz),
28.7, 28.6.
F NMR (376 MHz, CDCls) 6 -80.8 ~ -81.3 (m, 3F), -107.7 (AB, d, Jr-F = 269.2 Hz,

1F), -116.4 (AB, d, Je.r = 268.8 Hz, 1F), -124.0 (s, 2F), -125.6 ~ -125.7 (m, 2F).
HRMS (ESI) m/z calcd. for C2sHasCIFsN2O [M+H]* 561.1355, found 561.1350.
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o (R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoro-pentyl)
N*NQCH -2-phenyl-N-(3-(trifluoromethyl)phenyl)-pyrrolidine

>9’ \ -1-carboxamide (3D)

e @ 3D HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 96/4, flow
rate 0.3 mL/min, A = 230 nm), tr (major) = 15.55 min, tr

(minor) = 21.13 min.

'H NMR (500 MHz, CDCls) & 7.62 (s, 2H), 7.40-7.30 (m, 5H), 7.30-7.19 (m, 2H),
6.56 (s, 1H), 3.88-3.78 (m, 1H), 3.55-3.48 (m, 2H), 2.92-2.62 (m, 2H), 2.24 (d, J =
13.5 Hz, 1H), 1.16 (s, 3H), 0.89 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.4, 145.8, 139.3, 131.1 (q, J = 32.3 Hz), 129.3,
128.2, 126.9, 125.8, 124.0 (g, J = 272.4 Hz), 123.1, 119.6 (q, J = 3.8 Hz), 116.6 (9, J
=4.0Hz), 121.1-106.5 (m), 68.6, 61.1, 53.1, 36.4, 36.2 (t, J = 18.2 Hz), 28.2, 28.2.
F NMR (376 MHz, CDCls) 6 -62.7 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.4 (AB, d,
JrF = 270.3 Hz, 1F), -116.7 (AB, d, Jrr = 270.7 Hz, 1F), -124.5 (s, 2F), -125.1 ~
-126.2 (m, 2F).

HRMS (ESI) m/z calcd. for C2sH23F12N20 [M+H]" 595.1619, found 595.1613.

o (R)-N-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-no
NLNQBF nafluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3E)
>9 ) HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/05, flow
e @ 3E rate 0.4 mL/min, A = 214 nm), tr (Mmajor) = 12.96 min, tr
(minor) = 21.52 min.
'H NMR (500 MHz, CDCl3) & 7.67 (s, 1H), 7.42-7.35 (m, 4H), 7.33-7.31 (m, 1H),
7.28-7.24 (m, 1H), 7.21-7.07 (m, 2H), 6.43 (s, 1H), 3.82 (dd, J = 36.5, 15.0 Hz, 1H),
3.58-3.45 (m, 2H), 2.91-2.72 (m, 2H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.92 (s,
3H).
13C NMR (126 MHz, CDCl3) 6 153.6, 146.2, 140.5, 130.4, 128.6, 127.2, 126.4, 126.2,
123.1, 122.8, 118.7, 121.5-106.5 (m), 68.9, 61.4, 53.5, 36.8, 36.6 (t, J = 18.3 Hz),
28.7, 28.6.
F NMR (376 MHz, CDCl3) 6 -81.0 (d, J = 9.8 Hz, 3F), -107.7 (AB, d, Jr-r = 269.2
Hz, 1F), -116.4 (AB, d, J..F = 268.8 Hz, 1F), -122.4 (s, 2F), -124.9 ~ -126.5 (m, 2F).
HRMS (ESI) m/z calcd. for C2sH23BrFeN20 [M+H]" 605.0850, found 605.0845.

- (R)-N-(4-fluorophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n0
i /@f nafluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3F)

>9'f H HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 96/04, flow

n-C4Fy @ 3F rate 0.2 mL/min, A = 214 nm), tr (major) = 29.14 min, tr

(minor) = 36.66 min.

'H NMR (500 MHz, CDCls3) 8 7.40-7.32 (m, 6H), 7.27-7.23 (m, 1H), 7.02-6.97 (m,

2H), 6.35 (s, 1H), 3.83 (dd, J = 37.5, 15.0 Hz, 1H), 3.58-3.46 (m, 2H), 2.89-2.73 (m,

2H), 2.26 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.92 (s, 3H).

13C NMR (126 MHz, CDCls) 6 159.3 (d, J = 241.8 Hz), 154.1, 146.4, 135.0 (d, J =

2.7 Hz), 1285, 127.1, 126.3, 1225 (d, J = 7.9 Hz), 1157 (d, J = 22.3 Hz),

121.5-106.9 (m), 68.8, 61.4, 53.5, 36.7, 36.6 (t, J = 18.9 Hz), 28.7, 28.6.
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19F NMR (376 MHz, CDCls) § -81.0 ~ -81.1 (m, 3F), -107.5 (AB, d, Jr-r = 268.8 Hz,
1F), -116.6 (AB, d, Jer = 267.7 Hz, 1F), -119.9 (m, 1F), -124.4 (s, 2F), -125.5 ~
-125.8 (m, 2F).

HRMS (ESI) m/z calcd. forCasH23F10N20 [M+H]* 545.1651, found 545.1645.

(R)-N-(3-methoxyphenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n
onafluoropentyl)-2-phenyl-pyrrolidine-1-carboxamide (3G)
>9 HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow
e @ 36 rate 0.4 mL/min, L = 254 nm), tg (major) = 12.06 min, tg
(minor) = 17. 68 min.
'H NMR (500 MHz, CDCls3) & 7.42-7.33 (m, 4H), 7.28-7.24 (m, 1H), 7.22-7.17 (m,
2H), 6.89 (d, J = 8.0 Hz, 1H), 6.63 (dd, J = 8.5, 2.5 Hz, 1H), 6.41 (s, 1H), 3.94-3.80
(m, 4H), 3.60-3.46 (m, 2H), 2.90-2.73 (m, 2H), 2.26 (d, J = 13.5 Hz, 1H), 1.20 (s, 3H),
0.92 (s, 3H).
13C NMR (126 MHz, CDCl3) § 160.2, 153.6, 146.0, 140.2, 129.5, 128.2, 126.8, 126.0,
112.1, 109.2, 121.2-106.2 (m), 105.6, 68.5, 61.1, 55.2, 53.2 (d, J = 5.5 Hz), 36.4, 36.3
(t, J=18.2 Hz), 28.4, 28.3.
F NMR (376 MHz, CDCls3) 6 -80.7 ~ -81.4 (m, 3F), -107.2 (AB, d, Jr-r = 269.2 Hz,
1F), -116.7 (AB, d, Jr.F = 268.8 Hz, 1F), -124.4 (s, 2F), -125.3 ~ -125.9 (m, 2F).
HRMS (ESI) m/z calcd. for C2sH26F9N202 [M+H]* 557.1851, found 557.1845.

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phe
nyl-N-(m-tolyl)pyrrolidine-1-carboxamide (3H)

>9 HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/03, flow
et @ 3H rate 0.3 mL/min, L =230 nm), tr (major) = 19.19 min, tr (minor)
= 36.68 min.
'H NMR (500 MHz, CDCl3) § 7.41-7.32 (m, 5H), 7.26 (tt, J = 7.0, 3.5 Hz 1H),
7.22-7.17 (m, 2H), 6.93-6.86 (m, 1H), 6.36 (s, 1H), 3.97-3.75 (m, 1H), 3.63-3.45 (m,
2H), 2.92-2.74 (m, 2H), 2.35 (s, 3H), 2.26 (d, J = 13.5 Hz, 1H), 1.20 (s, 3H), 0.93 (s,
3H).
13C NMR (126 MHz, CDCls) 6 154.0, 146.5, 139.1, 139.1, 129.0, 128.5, 127.1, 126.3,
124.3, 121.0, 117.3, 121.2-106.3 (m), 68.8, 61.4, 53.5 (d, J = 5.6 Hz), 36.7, 36.6 (t, J
=18.2 Hz), 28.7, 28.6, 21.8.
F NMR (376 MHz, CDCls) 6 -81.0 (t, J = 9.8 Hz, 3F), -107.5 (AB, d, Jr-r = 267.7
Hz, 1F), -116.3 (AB, d, Jr.F = 270.0 Hz, 1F), -124.4 (s, 2F), -125.5 ~ -125.7 (m, 2F).
HRMS (ESI) m/z calcd. for C2sH26F9N20 [M+H]* 541.1901, found 541.1896.

(R)-diethyl 5-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-5-phenyl
E1O,C )L J@L -1-((3-(trifluoromethyl)phenyl)carbamoyl)-pyrrolidine-3,
Et020>9 3-dicarboxylate (31)

n-CaFs @ u HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10,
flow rate 0.3 mL/min, A = 242 nm), tr (major) = 15.15 min,

tr (minor) = 19.16 min.
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IH NMR (500 MHz, CDCl3) § 7.67 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 8.0
Hz, 1H), 7.37-7.30 (m, 3H), 7.28-7.22 (m, 3H), 6.70 (br s, 1H), 4.70 (d, J = 9.0 Hz,
1H), 4.31-4.18 (m, 2H), 4.02-3.86 (M, 2H), 3.85-3.76 (m, 1H), 3.55-3.43 (m, 2H),
3.08 (d, J = 14.0 Hz, 1H), 2.92 (ddd, J = 31.0, 16.0, 7.5 Hz, 1H), 1.28 (t, J = 7.0 Hz,
3H), 0.88 (t, J = 7.0 Hz, 3H).

13C NMR (126 MHz, CDCls) § 168.7, 168.5, 152.6, 143.0, 139.1, 131.2 (q, J = 32.4
Hz), 129.4, 128.4, 127.5, 125.6, 124.0 (g, J = 272.2 Hz), 123.3, 119.9 (g, J = 3.8 Hz),
116.8 (g, J = 3.9 Hz), 121.1-106.5 (m), 67.6, 62.8, 62.4, 57.1, 52.4, 45.3 (d, J = 6.2
Hz), 35.3 (t, J = 18.4 Hz), 13.8, 13.4.

19F NMR (376 MHz, CDCl3) & -62.8 (s, 3F), -81.0 ~ -81.1 (m, 3F), -107.4 (AB, d,
JrF = 268.1 Hz, 1F), -117.0 (AB, d, Jrr = 269.8 Hz, 1F). -124.4 (s, 2F), -125.5 ~
-125.8 (m, 2F).

HRMS (ESI) m/z calcd. for CooH27F12N20s [M+H]* 711.1728, found 711.1723.

CF, (R)-N-(3,5-bis(trifluoromethyl)phenyl)-6-(2,2,3,3,4,4,5,5,5-n
onafluoropentyl)-6-phenyl-5-azaspiro[2.4]heptane-5-carbo

(0]
Dg‘ku CFs | xamide (3J)
n-C4Fq @ 3J HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow
rate 0.15 mL/min, A = 254 nm), tr (major) = 29.85 min, tr

(minor) = 34.01 min.

'H NMR (500 MHz, CDClz) & 7.69 (s, 2H), 7.50-7.26 (m, 6H), 6.83 (br s, 1H),
3.96-3.70 (m, 2H), 3.34 (d, J = 8.5 Hz, 1H), 3.16-2.95 (m, 2H), 1.80 (d, J = 13.0 Hz,
1H), 0.64-0.54 (m, 2H), 0.55-0.49 (m, 1H), 0.24-0.16 (m, 1H).

13C NMR (126 MHz, CDCls) & 152.5, 145.1, 140.2, 131.7 (g, J = 33.3 Hz), 128.6,
127.3, 124.6, 123.1 (g, J = 272.6 Hz), 119.5 (d, J = 3.0 Hz), 116.1 (q, J = 3.8 Hz),
122.0-106.5 (m), 67.9, 55.9, 48.3, 34.6 (t, J = 18.7 Hz), 18.2, 15.6, 5.8.

F NMR (376 MHz, CDCls) & -63.3 (s, 6F), -79.0 ~ -86.1 (m, 3F), -108.8 (AB, d,
Jr-F = 246.5 Hz, 1F), -115.7 (AB, d, JrF = 241.3 Hz, 1F). -124.5 (s, 2F), -125.7 ~
-125.8 (m, 2F).

HRMS (ESI) m/z calcd. for C2sH20F1sN20 [M+H]* 661.1336, found 661.1331.

CF, (R)-N-(3,5-bis(trifluoromethyl)phenyl)-7-(2,2,3,3,4,4,5,5,5-n
0 onafluoropentyl)-7-phenyl-6-azaspiro[3.4]octane-6-carboxa

QQN N cfs | mide (3K)
n-C4Fs O 3K HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow
rate 0.3 mL/min, A = 254 nm), tr (major) = 13.42 min, tr

(minor) = 17.47 min.

'H NMR (500 MHz, CDCl3) & 7.85 (s, 2H), 7.48 (s, 1H), 7.40-7.32 (m, 2H),
7.31-7.24 (m, 3H), 6.79 (br s, 1H), 4.02-3.78 (m, 2H), 3.64 (d, J = 8.5 Hz, 1H),
2.91-2.81 (m, 1H), 2.76 (d, J = 13.0 Hz, 1H), 2.50 (d, J = 13.0 Hz, 1H), 2.09-2.00 (m,
2H), 1.85-1.70 (m, 3H), 1.29 (s, 1H).

13C NMR (126 MHz, CDCl3) & 153.1, 144.6, 140.6, 132.3 (q, J = 33.2 Hz), 128.7,
127.6, 125.7, 123.5 (q, J = 272.8 Hz), 119.8 (d, J = 3.9 Hz), 116.7-116.4 (m),
121.5-106.8 (m), 68.5, 60.3, 51.8, 42.7, 36.0, 35.5 (t, J = 18.4 Hz), 30.2, 16.6.
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19F NMR (376 MHz, CDCls) & -63.2 (s, 6F), -81.0 ~ -81.5 (t, J = 9.8 Hz, 3F), -106.8
(AB, d, Jer = 270.0 Hz, 1F), -117.7 (AB, d, Jrr = 269.6 Hz, 1F), -124.5 (d, J = 10.4
Hz, 2F), -125.5 ~ -126.0 (m, 2F).

HRMS (ESI) m/z calcd. for Co7HzF1sN20 [M+H]* 675.1493, found 675.1487.

CF, (R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-n
o Q onafluoropentyl)-3-phenyl-2-azaspiro[4.4]Jnonane-2-carbox
H CFg
L

Q@N* amide (3L)
n-C4Fs @ 3

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 96/4, flow
rate 0.2 mL/min, A = 254 nm), tr (major) = 17.33 min, tr
(minor) = 20.87 min.
'H NMR (500 MHz, CDCls3) & 7.84 (s, 2H), 7.46 (s, 1H), 7.37-7.31 (m, 4H), 7.26 (t, J
= 7.0 Hz, 1H), 6.79 (br s, 1H), 3.96-3.76 (m, 1H), 3.66-3.52 (m, 2H), 2.99-2.68 (m,
2H), 2.30 (d, J = 13.0 Hz, 1H), 1.62 (s, 2H), 1.53 (s, 4H), 1.44-1.37 (m, 1H),
0.97-0.95 (m, 1H).
13C NMR (126 MHz, CDCls) 6 153.3, 145.2, 140.7, 132.1 (g, J = 33.2 Hz), 128.6,
127.5,126.1, 123.5 (q, J = 272.6 Hz), 120.0, 116.7-116.5 (m), 121.5-106.5 (m), 68.6,
60.4,51.6, 47.4, 39.2, 38.6, 36.2 (t, J = 18.3 Hz), 25.3, 24.4.
F NMR (376 MHz, CDCls) 6 -63.1 (s, 6F), -81.13 (t, J = 9.9 Hz, 3F), -106.6 (AB, d,
JrF = 270.9 Hz, 1F), -117.6 (AB, d, Jr-F = 269.6 Hz, 1F), -124.52 (s, 2F), -125.6 ~

-125.8 (m, 2F).
HRMS (ESI) m/z calcd. for CasHaaF1sN20 [M+H]* 689.1649, found 689.1644.

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-

i nonafluoropentyl)-3-phenyl-2-azaspiro[4.5]decane-2-carb
Aoy o5, oxamide (3M)

Q@ H HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow

n-CqFg @ M rate 0.2 mL/min, X = 230 nm), tr (major) = 16.43 min, tg

(minor) = 24.66 min.

'H NMR (500 MHz, CDCls3) & 7.88 (s, 2H), 7.50 (s, 1H), 7.40-7.30 (m, 4H), 7.27 (t, J

= 7.5 Hz, 1H), 6.81 (br s, 1H), 3.81 (dd, J = 35.0, 14.0 Hz, 1H), 3.70 (d, J = 8.5 Hz,

1H), 3.49 (d, J = 8.5 Hz, 1H), 2.94-2.77 (m, 1H), 2.66 (d, J = 13.5 Hz, 1H), 2.44 (d, J

=13.5 Hz, 1H), 1.53-1.20 (m, 10H).

13C NMR (126 MHz, CDClIs) & 153.5, 146.0, 140.6, 132.34 (q, J = 33.3 Hz), 128.8,

127.4, 125.8, 123.5 (g, J = 273.2 Hz), 120.0, 116.8-116.5 (m), 121.5-106.8 (m), 68.5,

59.4,51.2,40.7, 38.7, 36.6 (t, J = 18.2 Hz), 36.2, 25.8, 24.2, 22.9.

F NMR (376 MHz, CDCls) 5 -63.1 (s, 6F), -81.2 (t, J = 9.7 Hz, 3F), -107.5 (AB, d,

JrF = 268.9 Hz, 1F), -116.8 (AB, d, Jr-r = 270.4 Hz, 1F), -124.5 (s, 2F), -125.77 (d, J

=11.4 Hz, 2F).

HRMS (ESI) m/z calcd. for CsoH2sF1sN20 [M+H]* 703.1806, found 703.1800.
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CF, (R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-n
o @ onafluoropentyl)-3-phenyl-2-azaspiro[4.6]undecane-2-carb
H CF,
3N

ngk oxamide (3N)
n-C4Fg @

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow
rate 0.2 mL/min, A = 254 nm), tr (major) = 16.45 min, tr

(minor) = 19.99 min.

'H NMR (500 MHz, CDCl3) & 7.88 (s, 2H), 7.49 (s, 1H), 7.41-7.33 (m, 4H),

7.31-7.24 (m, 1H), 6.84 (br s, 1H), 3.84 (dd, J = 32.0, 11.0 Hz, 1H), 3.60 (d, J = 8.5

Hz, 1H), 3.47 (d, J = 8.5 Hz, 1H), 2.94-2.67 (m, 2H), 2.45 (d, J = 13.5 Hz, 1H),

1.73-1.54 (m, 5H), 1.45-1.10 (m, 7H).

13C NMR (126 MHz, CDCls) & 153.2, 145.4, 140.3, 132.0 (q, J = 33.2 Hz), 128.3,

127.0, 125.8, 124.3 (q, J = 272.6 Hz), 1196 (q, J = 2.8 Hz), 116.3-116.2 (M),

121.2-106.8 (m), 68.7, 61.1, 52.1, 43.7, 41.1, 39.0, 36.2 (t, J = 18.2 Hz), 29.2, 28.6,

24.6, 22.8.

F NMR (376 MHz, CDCls) 6 -63.1 (s, 6F), -81.1 (t, J = 9.9 Hz, 3F), -107.0 (AB, d,

JrF = 269.7 Hz, 1F), -117.2 (AB, d, Jr-F= 269.5 Hz, 1F), -124.5 (d, J = 4.9 Hz, 2F),

-125.5 ~ -126.0 (m, 2F).
HRMS (ESI) m/z calcd. for CaoHasF1sN20 [M+H]* 717.1962, found 717.1970.

o (R)-N-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n0
NJLNQ& nafluoropentyl)-2-(o-tolyl)pyrrolidine-1-carboxamide (30)

>9 HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 96/4, flow

et @ * rate 0.2 mL/min, A = 254 nm), tr (major) = 28.24 min, tr

(minor) = 39.69 min.

'H NMR (500 MHz, CDCls) 8 7.69 (s, 1H), 7.46-7.45 (m, 1H), 7.34 (d, J = 8.0 Hz,

1H), 7.24-7.10 (m, 5H), 6.45 (s, 1H), 4.19-3.94 (m, 1H), 3.62-3.38 (m, 2H), 2.96 (ddd,

J =315, 15.5, 8.0 Hz, 1H), 2.84 (d, J = 13.0 Hz, 1H), 2.48 (s, 3H), 2.32 (d, J = 13.0

Hz, 1H), 1.21 (s, 3H), 0.90 (s, 3H).

13C NMR (126 MHz, CDCl3) § 154.0, 143.2, 140.8, 133.6, 133.3, 130.7, 128.0, 128.0,

126.7, 126.1, 123.4, 123.1, 119.0, 122.1-107.1 (m), 70.1, 61.4, 51.6, 37.3, 33.5 (t, J =

17.8 Hz), 29.4, 29.1, 23.1.

F NMR (376 MHz, CDCls) 6 -80.9 ~ -81.0 (m, 3F), -107.1 (AB, d, Jr-F = 268.8 Hz,

1F), -116.8 (AB, d, Jr-r = 268.5 Hz, 1F). -124.6 (d, J = 8.3 Hz, 2F), -125.4 ~ -125.7

(m, 2F).

HRMS (ESI) m/z calcd. for C2sH2sBrFeN2O [M+H]* 619.1007, found 619.1017.

(R)-2-(3-methoxyphenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n
O . .
N)LNQCFB onafluoropen_tyl)-N-(s-(trlfIuoromethyl)phenyl)-pyrrol|d|ne
>9 H on -1-carboxamide (3P)
n-CaFs O “sp HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow
rate 0.4 mL/min, A = 230 nm), tr (major) = 13.14 min, tr

(minor) = 16.75 min.
'H NMR (500 MHz, CDCls) § 7.64-7.62 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.32-7.24
(m, 2H), 6.99-6.94 (m, 1H), 6.93 (t, J = 2.0 Hz, 1H), 6.80 (dd, J = 8.0, 2.0 Hz, 1H),
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6.54 (s, 1H), 3.90-3.78 (m, 4H), 3.59-3.48 (m, 2H), 2.89-2.73 (m, 2H), 2.26 (d, J =
13.5 Hz, 1H), 1.19 (s, 3H), 0.96 (s, 3H).

13C NMR (126 MHz, CDCl3) § 159.4, 153.3, 147.6, 139.3, 131.1 (q, J = 32.3 Hz),
129.3, 124.0 (d, J = 272.8 Hz), 123.0, 119.6 (g, J = 3.8 Hz), 118.3, 116.5 (g, J = 4.0
Hz), 113.1, 111.1, 120.7-106.5 (m), 68.5, 61.2, 55.2, 53.1, 36.4, 36.2 (t, J = 18.2 Hz),
29.0-28.4 (m).

19F NMR (376 MHz, CDCls) § -62.8 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.5 (AB, d,
Jer = 287.9 Hz, 1F), -116.7 (AB, d, Jer = 273.3 Hz, 1F), -124.5 (s, 2F), -125.5 ~
-125.8 (m, 2F).

HRMS (ESI) m/z calcd. for CosHzsF12N202 [M+H]* 625.1724, found 625.1719.

o J@L (R)-4,4-dimethyI-Z-(2,2,3,3,4,4,5,5,5-nonaf|l.Jo.ropentyI)-Z-(m

”JLH cF, -t<_JIyI)-N-(3-(tr|fIuoromethyl)phenyl)pyrrol|d|ne-1-carboxa
>9 mide (3Q)

et O/ 3@ | HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow

rate 0.2 mL/min, A = 242 nm), tr (major) = 20.11 min, tr

(minor) = 22.04 min.

'H NMR (500 MHz, CDCls) 8 7.60 (s, 2H), 7.35 (t, J = 8.5 Hz, 1H), 7.28-7.18 (m,

2H), 7.17-7.09 (m, 2H), 7.04 (d, J = 7.5 Hz, 1H), 6.51 (s, 1H), 3.79 (dd, J = 35.0, 14.5

Hz, 1H), 3.59-3.43 (m, 2H), 2.87-2.68 (m, 2H), 2.35 (s, 3H), 2.22 (d, J = 13.5 Hz, 1H),

1.15 (s, 3H), 0.90 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.4, 146.2, 139.8, 138.2, 131.4 (q, J = 32.2 Hz),

129.7, 128.5, 128.1, 126.4, 124.0 (q, J = 272.8 Hz), 123.1, 123.0, 119.6 (q, J = 3.8

Hz), 116.6 (q, J = 3.9 Hz), 121.2-106.6 (m), 68.9, 61.5, 53.6, 36.8, 36.6 (t, J = 18.2

Hz), 28.7, 28.7, 22.1.

F NMR (376 MHz, CDCls) 6 -62.8 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.4 (AB, d,

JeF = 266.9 Hz, 1F), -116.8 (AB, d, Jr.r = 272.2 Hz, 1F), -124.4 (s, 2F), -125.4 ~

-126.0 (m, 2F).

HRMS (ESI) m/z calcd. for C2sH2sF12N20 [M+H]* 609.1775, found 609.1770.

R (R)-2-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n0
NLN/@C% nafluoropen_tyl)-N-(S-(trifIuoromethyl)phenyl)-pyrrolidine-
>9 - . 1-carboxamide (3R)
n-CaFs O/ 3R HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow
rate 0.2 mL/min, A = 230 nm), tr (major) = 23.79 min, tr

(minor) = 27.71 min.

'H NMR (500 MHz, CDCls) & 7.68-7.62 (m, 2H), 7.48 (t, J = 2.0 Hz, 1H), 7.43-7.38
(m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.23 (t, J = 8.0 Hz, 1H), 6.54 (s, 1H), 3.86 (ddd, J =
36.0, 16.0, 4.0 Hz, 1H), 3.59-3.46 (m, 2H), 2.84-2.66 (m, 2H), 2.22 (d, J = 13.5 Hz,
1H), 1.20 (s, 3H), 0.93 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.3, 148.4, 139.2, 131.2 (q, J = 32.3 Hz), 130.1,
129.7, 129.4, 129.1, 124.7, 124.0 (q, J = 272.3 Hz), 123.2, 1225, 1199 (q, J = 4.0
Hz), 116.7 (q, J = 3.9 Hz), 121.1-106.5 (m), 68.4, 61.0, 53.0 (d, J = 5.9 Hz), 36.7,
36.0 (t, J=18.3 Hz), 28.3, 28.2.
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F NMR (376 MHz, CDCl3) 6 -62.76 (s, 3F), -81.04 (t, J = 9.8 Hz, 3F), -107.3 (AB,
d, Jer=267.6 Hz, 1F), -115.89 ~ -117.79 (m, 1F), -124.38 (s, 2F), -124.79 ~ -125.92
(m, 2F).

HRMS (ESI) m/z calcd. for C2sH22BrF12N20 [M+H]" 673.0724, found 673.0740.

(R)-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phenyl-N-(3-(tr
A QCF ifluoromethyl)phenyl)pyrrolidine-1-carboxamide (3S)

9 H ' HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow
n-CaFs @ 3s rate 0.5 mL/min, A = 230 nm), tr (major) = 15.80 min, tr
(minor) = 34.41 min.

'H NMR (500 MHz, Acetone-de) 5 8.16 (s, 1H), 8.01 (s, 1H), 7.82 (d, J = 8.5 Hz, 1H),
7.48-7.40 (m, 3H), 7.36 (t, J = 8.0 Hz, 2H), 7.30-7.22 (m, 2H), 4.12-3.94 (m, 2H),
3.87-3.76 (m, 1H), 3.24 (ddd, J = 32.0, 15.5, 8.0 Hz, 1H), 2.77-2.66 (m, 1H), 2.20
(ddd, J = 13.0, 6.5, 3.0 Hz, 1H), 2.05-1.94 (m, 1H), 1.88-1.71 (m, 1H).

13C NMR (126 MHz, Acetone-ds) 6 153.4, 146.0, 141.4, 130.1 (q, J = 31.6 Hz), 129.2,
128.2, 126.6, 125.2, 124.5 (q, J = 272.0 Hz), 122.9, 118.2 (q, J = 3.9 Hz), 115.9 (q, J
= 4.1 Hz), 122.8-106.7 (m), 67.4, 47.8, 39.9 (d, J = 5.2 Hz), 34.1 (t, J = 18.0 Hz),
21.4.

F NMR (376 MHz, CDCls) 6 -62.8 (s, 3F), -81.1 (t, J = 9.7 Hz, 3F), -108.6 (AB, d,
J=259.8 Hz, 1F), -116.5 (AB, d, J = 272.1 Hz, 1F), -124.4 (s, 2F), -125.5 ~ -126.0
(m, 2F).

HRMS (ESI) m/z calcd. for C23H19F12N20 [M+H]* 567.1306, found 567.1300.

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phe
% J@/ nyl-1-tosylpyrrolidine (3T)

’S\ . - -
>g“ © HPLC analysis: Chiralcel ID (hexane/i-PrOH = 98/2, flow rate
nC4Fy @ o | 0.4 mL/min, & =230 nm), tr (Major) = 21.03 min, tr (minor) =
24.07 min.

IH NMR (500 MHz, CDCls) § 7.34-7.28 (m, 2H), 7.27-7.15 (m, 3H), 7.04 (s, 4H),
4.23 (ddd, J = 33.0, 16.5, 4.5 Hz, 1H), 3.50 (d, J = 9.0 Hz, 1H), 3.15 (d, J = 9.0 Hz,
1H), 3.11-2.92 (m, 1H), 2.59 (d, J = 14.5 Hz, 1H), 2.50 (d, J = 14.5 Hz, 1H), 2.36 (s,
3H), 1.30 (s, 3H), 1.16 (s, 3H).

13C NMR (126 MHz, CDCls) § 142.6, 141.9, 136.3, 129.0, 127.9, 127.5, 127.0, 126.8,
120.8-106.6 (m), 69.7, 61.8, 53.7 (d, J = 4.3 Hz), 39.8 (t, J = 19.8 Hz), 36.8, 28.7,
27.3,21.4.

19F NMR (376 MHz, CDCl3) § -81.0 (t, J = 2.9 Hz, 3F), -104.0 (AB, dd, J = 274.5,
15.7 Hz, 1F), -108.0 (AB, d, J = 273.4 Hz, 1F), -124.1 (d, J = 8.6 Hz, 2F), -125.5 (dd,
J=17.6,9.3 Hz, 1F), -125.7 (t, J = 14.2 Hz, 1F).

HRMS (ESI) m/z calcd. for CasHasFeNO2S [M+H]* 562.1462, found 562.1471.

cFs 1-(3,5-Bis(trifluoromethyl)phenyl)-3-(4-chloro-6,6,7,7,8,8,9,9,

o 9-nonafluoro-2,2-dimethylnonyl)urea (3U)
A@JLN cr| 'H NMR (500 MHz, CDCl3) 6 7.85 (s, 1H), 7.75 (s, 2H), 7.43 (s,
nCaFy 4, 1H), 5.66 (t, J = 6.0 Hz, 1H), 4.33-4.28 (m, 1H), 3.32 (dd, J =
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14.0, 7.5 Hz, 1H), 3.13 (dd, J = 14.0, 5.5 Hz, 1H), 2.67-2.39 (m, 2H), 1.90 (dd, J =
155, 9.5 Hz, 1H), 1.75-1.73 (m, 1H), 0.99 (s, 3H), 0.97 (s, 3H).

13C NMR (125 MHz, CDCls) § 155.7, 140.3, 132.3 (g, J = 33.4 Hz), 123.03 (q, J =
272.7 Hz), 118.6, 116.0, 119.8-108.2 (m), 49.6, 49.3, 47.8, 40.8 (t, J = 20.4 Hz), 35.0,
25.9, 24.7.

19F NMR (376 MHz, CDCl3) & -63.5 (s, 6F), -81.3 (t, J = 9.4 Hz, 3F), -113.5 (s, 2F),
-124.9 (s, 2F), -126.2 (s, 2F).

HRMS (ESI) m/z calcd. for C2oH1sCIF1sN20 [M+H]* 623.0941, found 623.0933.

oFs 1-(4-Benzyl-4-chloro-6,6,7,7,8,8,9,9,9-nonafluoro-2,2-dimeth
o ylnonyl)-3-(3,5-bis(trifluoromethyl)phenyl)urea (3V)
A;\A”)LN el *H NMR (500 MHz, CDCl3) 6 7.76 (s, 2H), 7.45 (s, 1H), 7.31 (s,
5 n-CeFy o, 5H), 7.23 (s, 1H), 5.21 (t, J = 6.0 Hz, 1H), 3.37-3.30 (m, 3H),
3.21 (d, J =14.0 Hz, 1H), 2.72-2.60 (m, 2H), 2.06 (s, 2H), 1.12

(s, 3H), 1.09 (s, 3H).
13C NMR (125 MHz, CDCl3) § 155.2, 140.5, 135.0, 8 132.2 (q, J = 33.3 Hz), 131.6,
128.1, 127.4, 123.1 (q, J = 272.7 Hz), 118.4, 115.8, 112.8, 118.4-106.2 (m), 71.6, 53.4,
50.4, 49.4, 47.7, 41.3 (t, = 19.0 Hz), 36.7, 31.1, 27.5, 26.7.

19F NMR (376 MHz, CDCls) § -63.4 (s, 6F), -81.2 (t, J = 9.5 Hz, 3F), -107.6 (AB, d,
JeF = 2715 Hz, 1F), -111.2 (AB, d, Jrr = 274.1 Hz, 1F), -124.5 (s, 2F), -125.8 ~
-126.0 (m, 2F).

HRMS (ESI) m/z calcd. for Co7HasCIF1sN20 [M+H]* 713.1410, found 713.1414.
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General procedure B: direct asymmetric intramolecular radical amino-

difluoro(methoxycarbonyl)methylation of alkenes

e § e o Pym A
‘R NJKN x CuBr (10 mol%) ) U : -
H H ., Me0,CCR,80,0 — 2t 8 mo%) R?CLH o P o
2SO Ng,CO5 (0.6 equiv) N N—-CF,CO,Me .
P 2b i-PrCO,Et, 0 °C N Ar
| ~5-p3 4
- IR, AR (S)-A1: Ar = 4-Ph-CgH,

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol,
10 mol%), Ag>COs (16.56 mg, 0.06 mmol, 0.6 equiv) chiral phosphoric acid (S)-Al
(3.1 mg, 0.005 mmol, 5 mol%), MeO2CCF.SOCI (2b) (25 mg, 0.12 mmol, 1.2 equiv)
and ethyl isobutyrate (1.0 mL) at 0 °C, and the sealed tube was then stirred at 0 °C.
Upon completion (monitored by TLC), the reaction mixture was directly purified by a
silica gel chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using
petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the
desired product 4.

(R)-methyl 3-(1-((3,5-bis(trifluoromethyl)phenyl)
-carbamoyl)-4,4-dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluor
opropanoate (4A)

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate
0.2 mL/min, A = 254 nm), tr (major) = 20.82 min, tr (Minor) =
19.01 min.

!H NMR (500 MHz, CDCl3) & 7.91 (s, 2H), 7.49 (s, 1H), 7.39-7.30 (m, 4H),
7.27-7.22 (m, 1H), 6.82 (br s, 1H), 3.74-3.57 (m, 5H), 3.53 (d, J = 8.5 Hz, 1H), 2.95
(9, J=16.0 Hz, 1H), 2.83 (d, J = 13.5 Hz, 1H), 2.22 (d, J = 13.5 Hz, 1H), 1.17 (s, 3H),
0.89 (s, 3H).

13C NMR (126 MHz, CDCls) § 164.7 (t, J = 33.0 Hz), 153.4, 145.7, 140.5, 131.9 (q, J
= 33.4 Hz), 128.3, 126.9, 125.6, 123.2 (q, J = 272.5 Hz), 119.5, 116.1, 115.8 (t, J =
253.0 Hz), 68.8, 61.3, 53.8, 53.4, 41.7 (t, J = 20.6 Hz), 36.4, 28.4, 28.3.

19F NMR (376 MHz, CDCls) & -63.0 (s, 6F), -95.8 (d, J = 262.1 Hz, 1F), -108.4 (d, J
=260.8 Hz, 1F).

HRMS (ESI) m/z calcd. for C2sH2sFsN203 [M+H]* 553.1737, found 553.1732.

CF;
2 Q
N N CF;
H
E CF,CO,Me
O o«

(R)-methyl 3-(1-((3-chlorophenyl)carbamoyl)-4,4
-dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoate

NN |
H
N\—CF,CO,Me

2
O e

(4B)
HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow
rate 0.45 mL/min, A = 254 nm), tr (major) = 13.13 min, tr (minor)

=16.31 min.
'H NMR (500 MHz, CDCls) & 7.59 (s, 1H), 7.39-7.30 (m, 4H), 7.28-7.15 (m, 3H),
7.06-6.98 (m, 1H), 6.37 (s, 1H), 3.77-3.56 (m, 5H), 3.49 (d, J = 8.0 Hz, 1H), 2.94 (q,
J =16.0 Hz, 1H), 2.82 (d, J = 13.5 Hz, 1H), 2.20 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H),
0.90 (s, 3H).
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13C NMR (126 MHz, CDCls) 5 164.69 (dd, J = 33.6, 32.4 Hz), 153.4, 146.1, 140.2,
134.5,129.7, 128.2, 126.7, 125.8, 123.0, 119.9, 117.8, 115.8 (dd, J = 254.4, 250.7 Hz),
68.5 (d, J = 4.0 Hz), 61.3, 53.8, 53.5, 42.0 (dd, J = 22.0, 19.7 Hz), 36.3, 28.6, 28.5.

19F NMR (376 MHz, CDCls) § -95.6 (d, J = 261.2 Hz, 1F), -106.7 (d, J = 260.9 Hz,
1F).

HRMS (ESI) m/z calcd. for CasH26CIF2N203 [M+H]* 451.1600, found 451.1595..

g Q (R)-methyl 3-(1-((3-bromophenyl)carbamoyl)-4,4

>CL“ s | -dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoate (4C)

@ ereMe | HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate

‘e 0.5 mL/min, A = 254 nm), tr (major) = 21.38 min, tr (minor) =
20.34 min.

IH NMR (500 MHz, CDCl3) § 7.74 (s, 1H), 7.38-7.21 (m, 6H), 7.20-7.11 (m, 2H),
6.36 (s, 1H), 3.72 (s, 3H), 3.65 (g, J = 17.0 Hz, 1H), 3.58 (d, J = 8.0 Hz, 1H), 3.48 (d,
J=85Hz, 1H), 2.95 (g, J = 16.0 Hz, 1H), 2.82 (d, J = 13.5 Hz, 1H), 2.20 (d, J = 13.5
Hz, 1H), 1.19 (s, 3H), 0.90 (s, 3H).
13C NMR (126 MHz, CDCls3) 6 164.7 (dd, J = 33.9, 32.1 Hz), 153.4, 146.1, 140.3,
130.0, 128.2, 126.7, 126.0, 125.8, 122.7, 122.5, 118.3, 115.8 (dd, J = 253.9, 250.5 Hz),
68.5 (d, J = 4.0 Hz), 61.3, 53.8, 53.5, 42.0 (dd, J = 22.0, 19.8 Hz), 36.3, 28.6, 28.5.
F NMR (376 MHz, CDCls) § -95.6 (d, J = 263.2 Hz, 1F), -106.8 (d, J = 260.2 Hz,
1F).
HRMS (ESI) m/z calcd. for CasH26BrF2N203 [M+H]* 495.1095, found 495.1089.

(R)-methyl 3-(4,4-dimethyl-2-phenyl-1-((3
. -(trifluoromethyl)phenyl)carbamoyl)pyrrolidin-2-yl)-2,2-difluo
&%cmozm ropropanoate (4D)

@ 0 HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate
0.4 mL/min, X = 230 nm), tr (major) = 29.76 min, tr (minor) =

0

37.29 min.

'H NMR (500 MHz, CDCl3) § 7.74 (s, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.42-7.32 (m,
5H), 7.29 (d, J = 8.0 Hz, 1H), 7.24 (t, J = 7.0 Hz, 1H), 6.50 (s, 1H), 3.76-3.57 (m, 5H),
3.51(d, J=8.5Hz, 1H), 2.95(q, J = 16.0 Hz, 1H), 2.83 (d, J = 13.0 Hz, 1H), 2.21 (d,
J=13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).

13C NMR (126 MHz, CDCls3) & 164.7 (dd, J = 33.9, 32.1 Hz), 153.5, 146.0, 139.6,
131.1 (q, J = 32.2 Hz), 129.3, 128.2, 126.8, 125.7, 124.0 (q, J = 273.0 Hz), 123.0,
119.6 (q, J=3.9 Hz), 116.5 (g, J = 3.9 Hz), 115.8 (dd, J = 253.9, 250.7 Hz), 68.6 (d, J
=3.9Hz), 61.3,53.8, 53.4, 42.0 (dd, J = 22.0, 19.7 Hz), 36.4, 28.5, 28.4.

F NMR (376 MHz, CDCls) 6 -62.6 (s, 3F), -95.5 (d, J = 261.7 Hz, 1F), -107.2 (d, J
=261.4 Hz, 1F).

HRMS (ESI) m/z calcd. for C24H26FsN203 [M+H]" 485.1864, found 485.1858.

. r | (R)-methyl 2,2-difluoro-3-(1-((4-fluorophenyl)carbamoyl)
>Ch"i”/©/ -4,4-dimethyl-2-phenylpyrrolidin-2-yl)propanoate (4E)

\——CF,CO,Me

@ . 5148




HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A =
242 nm), tr (major) = 29.30 min, tr (Minor) = 20.67 min.

'H NMR (500 MHz, CDCl3) & 7.41-7.30 (m, 6H), 7.26-7.20 (m, 1H), 6.98 (t, J = 8.5
Hz, 2H), 6.31 (s, 1H), 3.75-3.52 (m, 5H), 3.48 (d, J = 8.5 Hz, 1H), 2.94 (q, J = 16.0
Hz, 1H), 2.81 (d, J = 13.0 Hz, 1H), 2.19 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.90 (s,
3H).

13C NMR (126 MHz, CDCls) 8 164.7 (dd, J = 34.0, 31.9 Hz), 158.9 (d, J = 241.6 Hz),
154.0, 146.2, 134.8 (d, J = 2.7 Hz), 128.2, 126.6, 125.8, 122.1 (d, J = 7.7 Hz), 115.9
(dd, J = 253.7, 250.5 Hz), 115.3 (d, J = 22.4 Hz), 68.4 (d, J = 4.1 Hz), 61.2, 53.8, 53.5,
42.1 (dd, J = 22.0, 19.7 Hz), 36.3, 28.6, 28.5.

F NMR (376 MHz, CDCl3) 6 -95.9 (d, J = 261.6 Hz, 1F), -106.5 (dt, J = 261.6, 17.7
Hz, 1F), -119.99 ~ -120.12 (m, 1F).

HRMS (ESI) m/z calcd. for C2sH26F3N203 [M+H]* 435.1896, found 435.1890.

(R)-methyl 2,2-difluoro-3-(1-((3-methoxyphenyl)-carbamoyl)
-4,4-dimethyl-2-phenylpyrrolidin-2-yl)propanoate (4F)
>CI\,CF2002Me HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate
0.6 mL/min, X = 254 nm), tr (major) = 26.75 min, tr (Minor) =
18.79 min.

'H NMR (500 MHz, CDCls) § 7.35-7.33 (m, 4H), 7.25-7.16 (m, 3H), 6.92 (d, J = 8.0
Hz, 1H), 6.61 (dd, J = 8.5, 2.5 Hz, 1H), 6.34 (s, 1H), 3.80 (s, 3H), 3.75-3.62 (m, 4H),
3.57 (d, J =8.5 Hz, 1H), 3.49 (d, J = 8.0 Hz, 1H), 2.94 (q, J = 15.5 Hz, 1H), 2.83 (d, J
=13.5 Hz, 1H), 2.19 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.89 (s, 3H).

13C NMR (126 MHz, CDCls) & 164.7 (dd, J = 34.0, 32.0 Hz), 160.1, 153.6, 146.2,
140.3, 129.5, 128.2, 126.7, 125.9, 115.9 (dd, J = 253.8, 250.3 Hz), 112.1, 108.8, 105.6,
68.4 (d, J = 4.4 Hz), 61.3, 55.3, 53.7, 53.5, 42.1 (dd, J = 22.2, 19.7 Hz), 36.2, 28.6,
28.5.

F NMR (376 MHz, CDCls) 6 -95.6 (d, J = 261.3 Hz, 1F), -106.0 (dt, J = 261.7, 17.9
Hz, 1F).

HRMS (ESI) m/z calcd. for C2sH20F2N204 [M+H]* 447.2095, found 447.2090.

(R)-methyl 3-(5-((3,5-bis(trifluoromethyl)phenyl)

I -carbamoyl)-6-phenyl-5-azaspiro[2.4]heptan-6-yl)-2,2-difluorop
DCLHCF . MeCFa ropanoate (4G)

N 26 HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow rate
0.3 mL/min, A = 230 nm), tr (major) = 21.65 min, tr (mMinor) =

18.27 min.

'H NMR (500 MHz, Acetone-ds) & 8.34 (s, 1H), 8.31 (d, J = 1.5 Hz, 2H), 7.59 (s, 1H),
7.48-7.42 (m, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.24 (d, J = 7.5 Hz, 1H), 4.00 (d, J =9.0
Hz, 1H), 3.87 (dt, J = 22.5, 15.5 Hz, 1H), 3.78 (s, 3H), 3.67 (d, J = 9.0 Hz, 1H), 3.25
(g, J =14.0 Hz, 1H), 3.08 (d, J = 13.0 Hz, 1H), 1.72 (d, J = 13.0 Hz, 1H), 0.66-0.49
(m, 3H), 0.11-0.04 (m, 1H).

13C NMR (126 MHz, Acetone-ds) § 164.4 (dd, J = 34.1, 31.6 Hz), 153.0, 146.1, 142.5,
131.2 (q, J = 32.9 Hz), 127.8, 126.4, 125.3, 123.7 (q, J = 272.4 Hz), 119.0 (d, J = 3.9
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Hz), 117.0 (g, J = 258.9, 252.0 Hz), 114.5 (p, J = 3.9 Hz), 68.2 (d, J = 6.4 Hz), 55.8,
52.9, 47.7 (dd, J = 4.0, 1.8 Hz), 40.3 (dd, J = 23.4, 20.2 Hz), 18.0, 15.7, 4.6.

19F NMR (376 MHz, Acetone-ds) & -63.5 (s, 6F), -95.80 (dt, J = 259.4, 14.9 Hz, 1F),
-103.2 (ddd, J = 259.4, 22.9, 15.9 Hz, 1F).

HRMS (ESI) m/z calcd. for CasHasFsN203 [M+H]* 551.1581, found 551.1575.

oFs (R)-methyl 3-(6-((3,5-bis(trifluoromethyl)phenyl)
o -carbamoyl)-7-phenyl-6-azaspiro[3.4]octan-7-yl)-2,2-difluorop
QC’&H fs|  ropanoate (4H)
@ Ccmoj:e HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate
0.2 mL/min, A = 254 nm), tr (major) = 25.59 min, tr (Minor) =
29.51 min.
'H NMR (500 MHz, CDCls) & 7.90 (s, 2H), 7.49 (s, 1H), 7.35 (t, J = 8.0 Hz, 2H),
7.29-7.20 (m, 3H), 6.78 (br s, 1H), 3.92 (d, J = 8.5 Hz, 1H), 3.82-3.61 (m, 5H), 3.01
(9, J = 16.0 Hz, 1H), 2.79 (d, J = 13.0 Hz, 1H), 2.44 (d, J = 13.0 Hz, 1H), 2.13-1.99
(m, 2H), 1.85-1.73 (m, 3H), 1.41-1.32 (m, 1H).
13C NMR (126 MHz, CDCls) 8 165.0 (t, J = 32.9 Hz), 153.2, 144.9, 140.8, 132.2 (q, J
=33.3 Hz), 128.7, 127.4, 125.5, 123.5 (d, J = 272.8 Hz), 119.6 (d, J = 4.3 Hz), 116.3,
116.1 (t, J = 252.3 Hz), 68.4, 60.6, 53.8, 52.5, 42.6, 41.0 (t, J = 21.1 Hz), 36.2, 30.4,
16.6.
F NMR (376 MHz, CDCls)  -63.0 (s, 6F), -95.4 (d, J = 269.3 Hz, 1F), -107.6 (d, J
=264.6 Hz, 1F).
HRMS (ESI) m/z calcd. for C2sH2sFsN203 [M+H]* 565.1737, found 565.1732.

o (R)-methyl 3-(2-((3,5-bis(trifluoromethyl)phenyl)

I -carbamoyl)-3-phenyl-2-azaspiro[4.4]nonan-3-yl)-2,2-difluoro

OCLQ | propanoate (41)
%™ 1 HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate

@ ! 0.2 mL/min, A = 254 nm), tr (major) = 23.11 min, tr (Minor) =
25.99 min.
'H NMR (500 MHz, CDCls) & 7.92 (s, 2H), 7.50 (s, 1H), 7.39-7.24 (m, 5H), 6.74 (s,
1H), 3.80-3.53 (m, 6H), 3.07-2.90 (m, 2H), 2.27 (d, J = 13.0 Hz, 1H), 1.76-1.63 (m,
2H), 1.60-1.52 (m, 4H), 1.49-1.39 (m, 1H), 1.06-0.93 (m, 1H).
13C NMR (126 MHz, CDCl3) 8 164.7 (t, J = 32.9 Hz), 153.1, 145.1, 140.5, 132.0 (q, J
= 33.5 Hz), 128.3, 127.0, 125.6, 123.2 (q, J = 273.1 Hz), 119.4, 116.1, 115.8 (t, J =
252.1 Hz), 68.4, 60.3, 53.5, 52.4, 47.0, 41.4 (t, J = 20.8 Hz), 39.1, 38.4, 25.0, 24.0.
F NMR (376 MHz, CDCls) 5 -63.0 (s, 6F), -95.3 (d, J = 260.5 Hz, 1F), -107.9 (d, J
= 263.1 Hz, 1F).
HRMS (ESI) m/z calcd. for C27H27FsN203 [M+H]* 579.1894, found 579.1888.

. (R)-methyl 3-(2-(3-bromophenyl)-4,4-dimethyl-1
Q -((3-(trifluoromethyl)phenyl)carbamoyl)pyrrolidin-2-yl)-2,2-d
>C|»CF2c02Me ifluoropropanoate (4J)
/© a HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate

$150



0.45 mL/min, L =240 nm), tr (major) = 24.22 min, tr (Minor) = 22.07 min.

IH NMR (500 MHz, Acetone-ds) & 8.06 (s, 2H), 7.87 (d, J = 8.0 Hz, 1H), 7.64 (t, J =
2.0 Hz, 1H), 7.49-7.44 (m, 2H), 7.41-7.38 (m, 1H), 7.29 (dd, J = 16.0, 8.0 Hz, 2H),
3.77- 3.57 (m, 5H), 3.57 (d, J = 9.0 Hz, 1H), 3.11-3.01 (m, 1H), 2.76 (d, J = 13.5 Hz,
1H), 2.20 (d, J = 13.5 Hz, 1H), 1.15 (s, 3H), 0.87 (s, 3H).

13C NMR (126 MHz, Acetone-ds) 6 164.5 (dd, J = 33.5, 32.1 Hz) 153.9, 149.7, 141.3,
130.1 (g, J = 31.8 Hz), 129.7, 129.4, 129.3, 129.3, 125.4, 1245 (q, J = 271.9 Hz),
123.1, 121.5, 118.4 (q, J = 3.9 Hz), 116.1 (9, J = 4.1 Hz), 116.1 (t, J = 252.6 Hz), 68.3
(d, J = 4.2 Hz), 60.9, 53.1 (t, J = 3.3 Hz), 53.0, 41.3 (dd, J = 22.2, 19.5 Hz), 36.0,
27.7.

19F NMR (376 MHz, Acetone-dg) & -63.1 (s, 3F), -97.2 (ddd, J = 259.9, 18.7, 14.4 Hz,
1F), -104.8 (dt, J = 259.9, 18.2 Hz, 1F).

HRMS (ESI) m/z calcd. for C24HasBrFsN20s [M+H]* 563.0969, found 563.0976.

5 (R)-methyl 3-(1-((3-bromophenyl)carbamoyl)-4,4-dimethyl
NJKNQ& -2-(o-tolyl)pyrrolidin-2-yl)-2,2-difluoropropanoate (4K)

&%cmozm HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate
Cr « | 0.6 mUmin, & =230 nm), tz (major) = 25.70 min, tz (Minor) =

16.58 min.

'H NMR (500 MHz, CDCl3) & 7.75 (s, 1H), 7.37 (t, J = 4.5 Hz, 1H), 7.34-7.25 (m,

1H), 7.24-7.10 (m, 5H), 6.38 (s, 1H), 3.85 (q, J = 17.5 Hz, 1H), 3.74 (s, 3H), 3.56 (d,

J =8.0 Hz, 1H), 3.47 (d, J = 8.0 Hz, 1H), 3.09 (q, J = 16.5 Hz, 1H), 2.82 (d, J = 13.0

Hz, 1H), 2.50 (s, 3H), 2.29 (d, J = 13.0 Hz, 1H), 1.21 (s, 3H), 0.88 (s, 3H).

13C NMR (126 MHz, CDCls) & 164.7 (t, J = 33.0 Hz), 153.5, 142.7, 140.3, 133.1,

133.0, 130.0, 127.2, 127.1, 126.0, 125.4, 122.8, 122.5, 118.3, 116.2 (dd, J = 251.2,

250.2 Hz), 69.5, 61.0, 53.5, 51.4, 39.3 (t, J = 21.7 Hz), 36.6, 29.0, 28.5, 22.8.

F NMR (376 MHz, CDCls) 6 -95.0 (d, J = 262.5 Hz, 1F), -107.2 (d, J = 256.1 Hz,

1F).

HRMS (ESI) m/z calcd. for C2sH2sBrF2N203 [M+H]* 509.1251, found 509.1258.
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General procedure C: direct asymmetric intramolecular radical aminodifluoro

-methylation of alkenes

IS L EL
N CuBr (10 mol%) U A R
H H (S)-A1 (10 mol%) N N
+ HCF,S0,Cl . H
Ag,CO;3 (0.6 equiv) \/R3
N 2c i-PrCO,Et, 28°C  HF,C— || 7
TR® =
X 1 5 (S)-A1: Ar = 4-Ph-CgH,

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol,
10 mol%), Ag-COs (16.56 mg, 0.06 mmol, 0.6 equiv), chiral phosphoric acid (S)-Al
(6.2 mg, 0.01 mmol, 10 mol%), HCF2SOCI (2c) (18.0 mg, 0.12 mmol, 1.2 equiv) and
ethyl isobutyrate (1.0 mL) at 28 °C, and the sealed tube was then stirred at 28 °C.
Upon completion (monitored by TLC), the reaction mixture was directly purified by a
silica gel chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using
petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the
desired product 5.

CFs (R)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(2,2-difluoroethyl)-
o 4,4-dimethyl-2-phenylpyrrolidine-1-carboxamide (5A)
>q N ¢/ | HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow
HEAC @ . | rate 0.2mL/min, & =254 nm), tz (major) = 30.55 min, tr (Minor)

= 33.88 min.

'H NMR (500 MHz, CDCls) & 7.88 (s, 2H), 7.52 (s, 1H), 7.37 (t, J = 7.5 Hz, 2H),
7.33-7.23 (m, 3H), 6.74 (s, 1H), 6.11-5.84 (m, 1H), 3.61-3.53 (m, 2H), 3.22-3.04 (m,
1H), 2.84-2.72 (m, 1H), 2.64 (d, J = 13.5 Hz, 1H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s,
3H), 0.92 (s, 3H).
13C NMR (126 MHz, CDCls) & 153.0, 145.6, 140.2, 132.1 (q, J = 33.3 Hz), 128.5,
127.0, 125.3, 123.2 (d, J = 272.8 Hz), 119.4 (t, J = 4.0 Hz), 116.4 (t, J = 241.2 Hz),
116.4-116.3 (m), 68.4, 61.8, 54.8, 43.1 (t, J = 19.9 Hz), 36.3, 28.8, 28.4.
F NMR (376 MHz, CDCls) & -63.0 (s, 6F), -112.2 (ddt, J = 290.7, 55.8, 12.8 Hz,
1F), -114.3 (d, J = 290.1 Hz, 1F).
HRMS (ESI) m/z calcd. for C23H23FsN20 [M+H]" 495.1683, found 495.1677.

5 (R)-N-(3-chlorophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-
JLNQCI phenylpyrrolidine-1-carboxamide (5B)

N
>9 H HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/05, flow
HFC @ s8 | rate 0.4 mL/min, A =230 nm), tr (Major) = 36.46 min, tr (Minor)
= 32.54 min.

IH NMR (500 MHz, Acetone-ds) 5 7.90 (s, 1H), 7.83 (t, J = 2.0 Hz, 1H), 7.49 (dd, J
= 8.0, 2.0 Hz, 1H), 7.44-7.38 (m, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.24 (t, J = 8.0 Hz,
1H), 7.20 (t, J = 7.5 Hz, 1H), 6.99 (dd, J = 8.0, 2.0 Hz, 1H), 6.09 (tdd, J = 56.5, 6.0,
3.0 Hz, 1H), 3.75 (d, J = 9.5 Hz, 1H), 3.65 (d, J = 9.5 Hz, 1H), 3.23-3.11 (m, 1H),
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2.75-2.68 (m, 1H), 2.60 (d, J = 13.0 Hz, 1H), 2.23 (d, J = 13.5 Hz, 1H), 1.16 (s, 3H),
0.84 (s, 3H).

13C NMR (126 MHz, Acetone-ds) & 153.8, 146.9, 142.0, 133.5, 129.7, 127.8, 126.2,
125.9, 121.8, 119.4, 117.9, 117.4 (t, J = 237.4 Hz), 68.3 (t, J = 5.8 Hz), 61.2, 54.1,
43.2 (t, J = 20.1 Hz), 35.8, 28.2, 27.6.

19F NMR (376 MHz, Acetone-ds) & -112.9 (ddd, J = 56.5, 19.7, 13.8 Hz, 2F).

HRMS (ESI) m/z calcd. for C21H24CIF2N20 [M+H]* 393.1545, found 393.1540.

(R)-N-(3-bromophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-p
(0] - - .

N)LNQ& henylpyrrolidine-1-carboxamide (5C)

>9 H HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow rate
HF2C @ sc | 0.5 mL/min, A = 254 nm), tr (major) = 23.95 min, tr (mMinor) =

32.38 min.

'H NMR (500 MHz, CDCls) 8 7.68 (s, 1H), 7.37 (t, J = 7.5 Hz, 2H), 7.33-7.25 (m,

4H), 7.22-7.11 (m, 2H), 6.38 (s, 1H), 5.96 (tdd, J = 57.0, 6.5, 3.0 Hz, 1H), 3.63-3.48
(m, 2H), 3.13-3.07 (m, 1H), 2.74 (qd, J = 14.0, 6.5 Hz, 1H), 2.64 (d, J = 13.5 Hz, 1H),

2.23 (d, J=13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).

13C NMR (126 MHz, CDCl3) § 153.3, 146.0, 140.0, 130.2, 128.5, 126.9, 126.2, 125.4,

122.6, 122.6, 118.2, 116.6 (t, J = 239.3 Hz), 68.1, 61.8, 54.9, 43.4 (t, J = 19.5 Hz),

36.2, 28.9, 28.5.

F NMR (376 MHz, CDCls) & -111.93 (dddd, J = 290.1, 55.0, 13.9, 11.3 Hz, 1F),

-114.3 (d, J = 291.9 Hz, 1F).
HRMS (ESI) m/z calcd. for Co1H24BrFaN,O [M+H]* 437.1040, found 437.1046.

5 (R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-phenyl-N-(m-tolyl)p
)LNQ\ yrrolidine-1-carboxamide (5D)

>q H HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow
HF,C @ % rate 0.5 mL/min, A =230 nm), tr (major) = 28.73 min, tr (minor)
= 32.12 min.

IH NMR (500 MHz, CDCls) § 7.41-7.30 (m, 5H), 7.26 (t, J = 7.0 Hz, 1H), 7.18 (t, J =
7.5 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.36 (s, 1H), 6.14-5.84
(m, 1H), 3.60-3.49 (m, 2H), 3.19-3.04 (m, 1H), 2.73 (qd, J = 14.0, 6.5 Hz, 1H), 2.65
(d, J = 13.0 Hz, 1H), 2.35 (s, 3H), 2.22 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.90 (s,
3H).

13C NMR (126 MHz, CDCl3) 5 153.8, 146.3, 138.9, 138.6, 128.8, 128.4, 126.7, 125.5,
124.1, 120.6, 116.9, 116.8 (t, J = 239.3 Hz), 67.9 (d, J = 9.1 Hz), 61.8, 55.0, 43.6 (t, J
= 19.9 Hz), 36.1, 28.9, 28.5, 21.5.

19F NMR (376 MHz, CDCl3) & -111.9 (ddt, J = 289.3, 54.0, 11.7 Hz, 1F), -114.3 (d, J
= 285.4 Hz, 1F).

HRMS (ESI) m/z calcd. for CoaHz7F2aN20 [M+H]* 373.2091, found 273.2086.
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5 (R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-phenyl-N-(3-(triflu
" )LN /©\0F3 oromethyl)phenyl)pyrrolidine-1-carboxamide (5E)

>9 H HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow

HF,C @ 5E rate 0.4 mL/min, A = 254 nm), tr (major) = 23.55 min, tr

(minor) = 25.59 min.

'H NMR (500 MHz, CDCls) 6 7.66 (s, 1H), 7.61 (d, J = 7.0 Hz, 1H), 7.44-7.34 (m,

3H), 7.34-7.24 (m, 4H), 6.54 (s, 1H), 5.98 (td, J = 56.5, 3.0 Hz, 1H), 3.65-3.49 (m,

2H), 3.18-3.01 (m, 1H), 2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.65 (d, J = 13.0 Hz, 1H),

2.24 (d, J=13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.4, 145.9, 139.3, 131.3 (q, J = 32.3 Hz), 129.4,

128.5, 126.9, 125.4, 124.0 (q, J = 272.4 Hz), 123.0, 119.8 (q, J = 4.0 Hz), 116.6 (t, J =

239.4 Hz), 116.4 (g, J = 3.9 Hz), 68.1, 61.8, 54.9, 43.4 (t, J = 19.8 Hz), 36.2, 28.9,

28.4.

F NMR (376 MHz, CDCls) § -62.6 (s, 3F), -112.0 (ddd, J = 290.1, 55.1, 14.3 Hz,

1F), -114.2 (d, J = 294.3 Hz, 1F).

HRMS (ESI) m/z calcd. for C22H24FsN20 [M+H]" 427.1809, found 427.1803.

. o (R)-2-(2,2-difluoroethyl)-N-(4-fluorophenyl)-4,4-dimethyl-2-p
1 /©/ henylpyrrolidine-1-carboxamide (5F)
N

>9N H HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow
HF,C @ F | rate 0.5 mL/min, A =254 nm), tr (Major) = 21.79 min, tr (minor)
= 25.51 min.

IH NMR (500 MHz, CDCls) § 7.41-7.29 (m, 6H), 7.25 (t, J = 7.0 Hz, 1H), 7.00 (t, J =
8.7 Hz, 2H), 6.34 (s, 1H), 6.10-5.82 (m, 1H), 3.56-3.52 (m, 2H), 3.17-3.02 (m, 1H),
2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.64 (d, J = 13.5 Hz, 1H), 2.23 (d, J = 13.0 Hz, 1H),
1.18 (s, 3H), 0.90 (s, 3H).

13C NMR (126 MHz, CDCl3) § 159.0 (d, J = 242.4 Hz), 153.9, 146.1, 134.6 (d, J =
2.7 Hz), 128.4, 126.8, 125.5, 122.0 (d, J = 8.0 Hz), 116.7 (t, J = 239.3 Hz), 115.5 (d, J
= 22.4 Hz), 68.0, 61.7, 54.9, 43.5 (t, J = 19.6 Hz), 36.2, 28.9, 28.5.

19F NMR (376 MHz, CDCls) § -111.9 (dddd, J = 289.7, 54.9, 13.9, 10.9 Hz, 1F),
-114.08 (d, J = 291.4 Hz, 1F), -119.6~ -119.7 (m, 1F).

HRMS (ESI) m/z calcd. for CoiHa4FsN20 [M+H]* 377.1841, found 377.1835.

(R)-2-(2,2-difluoroethyl)-2-(3-methoxyphenyl)-4,4-dimethyl-
i Q N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide

HF,C IQ/OMG | HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow

rate 0.3 mL/min, A =230 nm), tr (major) = 33.85 min, tr (Minor)

=39.98 min.

'H NMR (500 MHz, CDCls) & 7.65 (s, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.40 (t, J = 8.0
Hz, 1H), 7.34-7.23 (m, 2H), 6.91 (d, J = 8.0 Hz, 1H), 6.87 (s, 1H), 6.81 (d, J = 8.0 Hz,
1H), 6.50 (s, 1H), 6.12-5.83 (m, 1H), 3.82 (s, 3H), 3.59-3.54 (m, 2H), 3.19-3.02 (m,
1H), 2.73 (qd, J = 14.0, 6.5 Hz, 1H), 2.63 (d, J = 13.0 Hz, 1H), 2.24 (d, J = 13.0 Hz,
1H), 1.19 (s, 3H), 0.95 (s, 3H).
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13C NMR (126 MHz, CDCl3) § 159.6, 153.4, 147.7, 139.2, 131.3 (g, J = 32.3 Hz),
129.5, 129.4, 123.9 (q, J = 272.4 Hz), 122.9, 119.8 (q, J = 4.0 Hz), 117.8, 116.6 (t, J =
239.5 Hz), 116.4 (g, J = 3.9 Hz), 112.5, 111.3, 68.0, 61.8, 55.3, 54.9, 43.3 (t, J = 19.8
Hz), 36.2, 28.9, 28.6.

19F NMR (376 MHz, CDCls) § -62.6 (s, 3F), -112.0 (ddt, J = 289.9, 55.0, 12.9 Hz,
1F), -114.18 (d, J = 276.7 Hz, 1F).

HRMS (ESI) m/z calcd. for CosH26FsN202 [M+H]* 457.1914, found 457.1909.

o (R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-(m-tolyl)-N-(3-(trifl
NJLNQC% uoromethyl)phenyl)pyrrolidine-1-carboxamide (5H)

>9 i\ HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow

HFC O/ si | rate 0.3 mL/min, & = 230 nm), tr (major) = 27.14 min, tr

(minor) = 32.71 min.

'H NMR (500 MHz, CDCl3) 8 7.70-7.53 (m, 2H), 7.40 (t, J = 8.0 Hz, 1H), 7.33-7.22

(m, 2H), 7.16-7.05 (m, 3H), 6.49 (s, 1H), 5.97 (tdd, J = 56.5, 6.0, 3.0 Hz, 1H),

3.65-3.52 (m, 2H), 3.17-3.00 (m, 1H), 2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.63 (d, J =

13.0 Hz, 1H), 2.38 (s, 3H), 2.23 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.94 (s, 3H).

13C NMR (126 MHz, CDCl3) & 153.4, 145.9, 139.3, 138.2, 131.3 (q, J = 32.3 Hz),

129.4, 128.4, 127.8, 126.1, 123.9 (q, J = 272.5 Hz), 122.9, 1225, 119.8 (q, J = 3.8

Hz), 116.6 (t, J = 239.6 Hz), 116.4 (q, J = 3.9 Hz), 67.9, 61.9, 55.1, 43.4 (t, J = 19.8

Hz), 36.2, 28.9, 28.6, 21.8.

F NMR (376 MHz, CDCls) & -63.1 (s, 3F), -112.9 (ddd, J = 56.2, 19.6, 13.9 Hz,

2F).

HRMS (ESI) m/z calcd. for C2sH26FsN20 [M+H]* 441.1965, found 441.1960.

(R)-2-([1,1'-biphenyl]-3-yl)-2-(2,2-difluoroethyl)-4,4-dimethy
I-N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide

HFC ./. HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow

rate 0.4 mL/min, A = 242 nm), tr (Major) = 24.43 min, tr (Minor)

=29.19 min.

'H NMR (500 MHz, CDCl3) § 7.72 (s, 1H), 7.62-7.59 (m, 3H), 7.54-7.35 (m, 7H),
7.32 (t, J = 6.5 Hz, 2H), 6.57 (s, 1H), 6.20-5.80 (m, 1H), 3.66-3.50 (m, 2H), 3.27-3.10
(m, 1H), 2.81 (qd, J = 14.0, 6.0 Hz, 1H), 2.69 (d, J = 13.0 Hz, 1H), 2.31 (d, J =13.0
Hz, 1H), 1.21 (s, 3H), 0.95 (s, 3H).

13C NMR (126 MHz, CDCls) § 153.4, 146.5, 141.5, 141.2, 139.3, 131.3 (q, J = 32.3
Hz), 129.5, 128.8, 127.5, 127.3, 125.9, 124.5, 124.4, 124.0 (q, J = 272.5 Hz), 123.0,
119.9 (g, J = 3.8 Hz), 116.6 (t, J = 239.4 Hz), 116.5 (q, J = 3.9 Hz), 68.3, 61.8, 54.9,
43.4 (t,J =19.8 Hz), 36.3, 28.8, 28.5.

F NMR (376 MHz, CDCls) § -62.6 (s, 3F), -112.0 (dddd, J = 290.2, 55.0, 14.6, 11.2
Hz, 1F), -114.34 (d, J = 300.3 Hz, 1F).

HRMS (ESI) m/z calcd. for C2gH2sFsN20 [M+H]* 503.2122, found 503.2132.
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o (R)-2-(3-bromophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-N
NJLNQC% -(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide (5J)

>9,, " . HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow

HraC O/ s | rate 0.4 mL/min, A =242 nm), tr (major) = 22.17 min, tr (minor)

=20.66 min.

'H NMR (500 MHz, CDCls) 6 7.68 (s, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.44-7.36 (m,

3H), 7.33 (d, J = 8.0 Hz, 1H), 7.27-7.19 (m, 2H), 6.57 (s, 1H), 6.08-5.81 (m, 1H),

3.54 (s, 2H), 3.21-3.08 (m, 1H), 2.75-2.56 (m, 2H), 2.20 (d, J = 13.0 Hz, 1H), 1.19 (s,

3H), 0.92 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.3, 148.6, 139.1, 131.3 (q, J = 32.4 Hz), 129.9,

129.8, 129.5, 128.8, 124.2, 123.9 (q, J = 272.4 Hz), 123.1, 122.6, 120.0 (q, J = 4.0

Hz), 116.6 (q, J = 3.9 Hz), 116.4 (t, J = 239.7 Hz), 68.0 (d, J = 8.8 Hz), 61.6, 54.6 (d,

J=3.7Hz), 43.0 (dd, J = 21.3, 18.4 Hz), 36.5, 28.7, 28.4.

F NMR (376 MHz, CDCls3) 6 -62.6 (s, 3F), -112.2 (dddd, J = 290.8, 54.8, 14.3, 10.8

Hz, 1F), -114.0~ -115.4 (m, 1F).

HRMS (ESI) m/z calcd. for C22H23BrFsN2O [M+H]* 505.0914, found 505.0908.

. (R)-2-(2,2-difluoroethyl)-2-(3-fluorophenyl)-4,4-dimethyl-N-
NLNQCFS (3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide (5K)
>9 ) . HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow
HF2C @ s | rate 0.3 mL/min, A = 254 nm), tr (Major) = 28.42 min, tr (Minor)
=30.25 min.

'H NMR (500 MHz, CDCl3) 8 7.68 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 8.0

Hz, 1H), 7.35-7.27 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 10.5 Hz, 1H), 6.95

(td, J=8.0, 2.0 Hz, 1H), 6.59 (s, 1H), 6.10-5.80 (m, 1H), 3.54 (s, 2H), 3.26-3.07 (m,

1H), 2.75-2.60 (m, 2H), 2.21 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 162.8 (d, J = 245.5 Hz), 153.3, 149.0 (d, J = 6.4 Hz),

139.1, 131.3 (q, J = 32.3 Hz), 129.9 (d, J = 8.3 Hz), 129.5, 123.9 (q, J = 272.4 Hz),

123.1,121.1 (d, J = 2.8 Hz), 120.0 (9, J = 3.9 Hz), 116.5 (q, J = 3.9 Hz), 116.5 (t, J =

239.6 Hz), 113.7 (d, J = 21.0 Hz), 112.9 (d, J = 23.1 Hz), 68.1 (d, J = 8.7 Hz), 61.6,

54.6 (d, J =3.5Hz), 43.1 (dd, J =21.2, 18.5 Hz), 36.4, 28.7, 28.4.

F NMR (376 MHz, CDCls3)  -62.6 (s, 3F), -112.1 (dddd, J = 290.6, 54.9, 14.5, 11.0

Hz, 2F), -113.8~ -115.3 (m, 1F).

HRMS (ESI) m/z calcd. for C22H23FsN20O [M+H]™ 445.1715, found 445.1709.
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General procedure D: direct asymmetric intramolecular radical
aminotrifluoromethylation of alkenes

O 2 1
R
uBr mol%
H H AN
-A1 19
+ CF,80,01 (A1 (5 mol%) NN
Ag,COj3 (0.6 equiv) R3
=z ) 2d . o / \/\
A R3 i-PrCO,Et, 28 °C F;C
) 1 6 =

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol,
10 mol%), Ag-CO3 (16.56 mg, 0.06 mmol, 0.6 equiv), chiral phosphoric acid (S)-Al
(3.1 mg, 0.005 mmol, 5 mol%), CFsSO2CI (2d) (20.16 mg, 0.12 mmol, 1.2 equiv) and
ethyl isobutyrate (1.0 mL) at 0 °C or 28 °C, and the sealed tube was then stirred at
0 °C or 28 °C. Upon completion (monitored by TLC), the reaction mixture was
directly purified by a silica gel chromatography [eluent: petroleum ether/EtOAc =
100/0-5/1, using petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at
first] to afford the desired product 6.

cF, (R)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-phen
o yl-2-(2,2,2-trifluoroethyl)pyrrolidine-1-carboxamide (6A)
oy cr;| HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow
icg’@ o rate 0.2 mL/min, X = 254 nm), tr (major) = 27.39 min, tr (minor)
= 30.70 min.
Spectra matches previously reported spectra.t

(R)-N-(3-bromophenyl)-4,4-dimethyl-2-phenyl-2-(2,2,2-triflu
N)OLN er oroethyl)pyrrolidine-1-carboxamide (6B)
>9 ) HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow
FsC @ 6B rate 0.8 mL/min, A =254 nm), tr (major) = 11.91 min, tr (minor)
Spectra matches previously reported spectra.t

=18.87 min.

o (R)-4,4-dimethyl-2-phenyl-2-(2,2,2-trifluoroethyl)-N-(3-(trifl
NJLNQCFa uoromethyl)phenyl)pyrrolidine-1-carboxamide (6C)
>9 ) HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow
Fs€ @ 6C rate 0.6 mL/min, A = 254 nm), tr (major) = 14.01 min, tr (Minor)
Spectra matches previously reported spectra.t

=17.94 min.

o e | (R)-N-(4-bromophenyl)-4,4-dimethyl-2-phenyl-2-(2,2,2-triflu
)LNO oroethyl)pyrrolidine-1-carboxamide (6D)
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HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 85/15, flow rate 0.6 mL/min, A =
254 nm), tr (major) = 21.33 min, tr (Minor) = 12.01 min.
Spectra matches previously reported spectra.t

o (R)-2-(3-chlorophenyl)-4,4-dimethyl-2-(2,2,2-trifluoroethyl)-
>qJLHQCF3 I\els-é?,-(trifluoromethyl)phenyl)pyrrolidine-l—carboxamide

F€ I©/Cl 6E E—IPI)_C analysis: Chiralcel 1A (hexane/i-PrOH = 95/5, flow rate
0.15 mL/min, A = 254 nm), tr (major) = 50.53 min, tr (Minor) =

54.29 min.

'H NMR (500 MHz, CDCl3) & 7.69-7.60 (m, 2H), 7.41 (t, J = 8.0 Hz, 1H), 7.34-7.26
(m, 3H), 7.26-7.21 (m, 2H), 6.54 (s, 1H), 3.86-3.68 (m, 1H), 3.52 (s, 2H), 2.88-2.76
(m, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.17 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.95 (s,
3H).

13C NMR (126 MHz, CDCl3) 6 153.4, 147.9, 139.2, 134.2, 131.2 (q, J = 32.3 Hz),
129.5, 129.4, 127.1, 126.1, 124.9 (q, J = 278.8 Hz), 124.1, 124.0 (q, J = 272.4 Hz),
123.3, 119.9 (g, J = 3.9 Hz), 116.7 (9, J = 3.9 Hz), 67.8 (d, J = 2.4 Hz), 61.2, 52.6,
40.1 (q, J = 25.8 Hz), 36.6, 28.4, 28.2.

F NMR (376 MHz, CDCl3) § -59.6 (t, J = 10.9 Hz, 3F), -62.6 (s, 3F).

HRMS (ESI) m/z calcd. for C22H22CIFsN20 [M+H]" 479.1325, found 479.1319.

. (R)-2-(3-bromophenyl)-4,4-dimethyl-2-(2,2,2-trifluoroethyl)-

NJLH or, N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide
Fs¢ @ e | HPLC analysis: Chiralcel 1A (hexane/i-PrOH = 97/3, flow rate
0.12 mL/min, A =230 nm), tr (Major) = 90.40 min, tr (Minor) =

99.74 min.

'H NMR (500 MHz, Acetone-ds) & 8.13 (s, 1H), 8.05 (s, 1H), 7.88 (dd, J = 8.0, 2.0
Hz, 1H), 7.70 (t, J = 2.0 Hz, 1H), 7.54-7.46 (m, 2H), 7.45-7.40 (m, 1H), 7.34-7.27 (m,
2H), 3.86-3.68 (m, 2H), 3.58 (d, J = 9.0 Hz, 1H), 3.27-3.11 (m, 1H), 2.73 (d, J =135
Hz, 1H), 2.24 (d, J = 13.5 Hz, 1H), 1.17 (s, 3H), 0.93 (s, 3H).

13C NMR (126 MHz, Acetone-ds) 6 153.9, 149.2, 141.2, 130.2 (q, J = 31.8 Hz), 129.7,
129.5, 129.4, 129.3, 127.7 (q, J = 274.5 Hz), 125.4, 124.8 (q, J = 272.0 Hz), 123.1,
121.6, 118.5 (g, J = 3.9 Hz), 116.1 (g, J = 4.1 Hz), 67.7 (d, J = 2.2 Hz), 60.8, 52.5 (d,
J=2.2Hz),39.4(q,J=254Hz), 36.1, 27.6, 27.5.

F NMR (376 MHz, Acetone-ds) 6 -60.0 (t, J = 11.2 Hz, 3F), -63.1 (s, 3F).

HRMS (ESI) m/z calcd. for C22H22BrFsN20O [M+H]" 523.0814, found 523.0804.

o (R)-N-(3-bromophenyl)-4,4-dimethyl-2-(o-tolyl)-2-(2,2,2-trifl
NJLNQBr uoroethyl)pyrrolidine-1-carboxamide (6G)

>9 HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow

e /® 66 rate 0.5 mL/min, A = 254 nm), tr (major) = 15.14 min, tr (Minor)

= 26.14 min.

Spectra matches previously reported spectra®.
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R (R)-2-phenyl-2-(2,2,2-trifluoroethyl)-N-(3-(trifluoromethyl)p
JLNQCF henyl)pyrrolidine-1-carboxamide (6H)
H 3

N
9 HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 90/10, flow
FaC @ 6H rate 0.5 mL/min, A = 254 nm), tr (Major) = 15.04 min, tr (Minor)
=19.04 min.

Spectra matches previously reported spectra?.
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Procedure for synthetic application:

FsC
Yol
NJI\N
@ ><\/5!\/'—(|3F2CH20H

7,95%, 97% ee
F3C

,,,,,

F;C

i Q
NaBH,, THF/MeOH ><;'\/CFZCOZMe

60 °C, 30 min

<P
?\(,P“ cOb(

00‘“‘&6 | >Cli /©\
a

4A, 97% ee

CF,COMe ) CHyOH, 1h @ @

F;C

e A
Q

8, 90%

KHMDS, THF
78 °Ctort

1) BHy"SMe,

T ><jD<F
HF, 80 °C, 12 h B F
) :

OCH;3

CF,CO,Me
9, 43%, 96% ee

4F, 95% ee 10, 43%, 94% ee

Synthesis of 7: Sodium borohydride (9.5 mg, 0.25 mmol) was added to a solution of 4A
(27.6 mg, 0.05 mmol) in THF (2 mL) in a sealed flask. The resulting mixture was
stirred at 60 °C for 15 min. Methanol (2 mL) was then added by syringe and stirring
was maintained for a further period of 15 min at the same temperature. After that, the
solvent was removed in vacuo, and the residue was purified by a silica gel column
chromatography (eluent: petroleum ether/EtOAc = 8/1) to give 7 (24.9 mg, 95%).

F3C
i Q

JIS

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(2,2-difluoro-3-hyd

roxypropyl)-4,4-dimethyl-2-phenylpyrrolidine-1-carboxamid

SCY N e el

£—CF,CH,0H HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate
@ 7 0.4 mL/min, A = 254 nm), tr (major) = 15.28 min, tr (Minor) =

19.92 min.

'H NMR (500 MHz, CDCl3) & 7.86 (s, 2H), 7.49 (s, 1H), 7.39-7.28 (m, 4H),

7.26-7.19 (m, 1H), 6.67 (s, 1H), 3.73-3.54 (m, 3H), 3.51 (d, J = 7.5 Hz, 1H),

3.46-3.30 (br s, 1H), 2.87 (d, J = 13.0 Hz, 1H), 2.76-2.59 (m, 1H), 2.52 (s, 1H), 2.18

(d, J=13.2 Hz, 1H), 1.16 (s, 3H), 0.89 (s, 3H).

13C NMR (126 MHz, CDCls) & 153.8, 146.3, 140.5, 132.2 (q, J = 33.3 Hz), 128.4,

127.0, 125.8, 123.4 (t, J = 246.0 Hz), 123.3 (q, J = 273.3 Hz), 119.5 (d, J = 3.2 H2),

116.4 (p, J = 3.7 Hz), 69.3, 65.6 (t, J = 31.6 Hz), 61.6, 53.6, 39.8 (t, J = 20.4 Hz), 36.5,

28.5, 28.5.

F NMR (376 MHz, CDCls) § -63.0 (s, 6F), -98.2 (d, J = 242.8 Hz, 1F), -113.4 (d, J

=248.2 Hz, 1F).

HRMS (ESI) m/z calcd. for C24H25FsN202 [M+H]* 525.1788, found 525.1795.

Synthesis of 8: KHMDS (7.5 v L, 1.0 M in THF, 0.075 mmol) was added to a stirred

solution of 4A (27.6 mg, 0.05 mmol) in dry THF (0.5 mL) in an oven-dried Schlenk tube at

-78 °C. After stirring at -78 °C for 1 h, the reaction mixture was allowed to warm to room

temperature over a period of 11 h, quenched with saturated NH4Cl solution and stirred for

15 min. The mixture was extracted three times with ethyl acetate, dried over Na2SOs, and

concentrated in vacuo. The crude product was purified by flash column chromatography on
5160



silica gel (eluent: EtOAc/MeOH = 20/1) to give 8 (12.1 mg, 90%).

FC (R)-3-(1-((3,5-bis(trifluoromethyl)phenyl)carbamoyl)-4,4-di
o Q methyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoic acid
>Cp||i1:” cr | (8)

£N—CF,COH [a]p?® = —67.50 (c = 0.10 in CH.Cly).

@ 8 'H NMR (500 MHz, CD30D) 6 8.14 (s, 2H), 7.49 (s, 1H), 7.37
(d, J = 7.5 Hz, 2H), 7.30 (t, J = 8.0 Hz, 2H), 7.18 (t, J = 7.5 Hz,
1H), 3.66 (d, J = 9.0 Hz, 1H), 3.60 (d, J = 9.0 Hz, 1H), 3.53-3.38 (m, 1H), 3.00 (dd, J
= 34.0, 16.0 Hz, 1H), 2.89 (d, J = 13.0 Hz, 1H), 2.04 (d, J = 13.0 Hz, 1H), 1.14 (s,
3H), 0.86 (s, 3H).

13C NMR (126 MHz, CDs0D) 6 155.9, 148.5, 143.5, 132.7 (q, J = 33.0 Hz), 128.8,
127.3, 127.2, 124.9 (q, J = 272.3 Hz), 121.2 (d, J = 3.3 Hz), 116.0 (p, J = 3.7 Hz),
70.5, 62.4,54.0,41.9 (t, J = 22.6 Hz), 37.3, 28.7, 28.3.

F NMR (376 MHz, CDs0D) 6 -64.4 (s, 6F), -100.0 (d, J = 252.0 Hz, 1F), -104.3 (d,
J =250.8 Hz, 1F).

HRMS (ESI) m/z calcd. for C24H21FsN203 [M-H] ~ 537.1424, found 537.1432.

Synthesis of 9: To a stirred solution of 4A (27.6 mg, 0.05 mmol) and PhlI(OTFA)2 (PIFA,
75.3 mg, 0.175 mmol) in dry CH2Cl2 (0.5 mL) in an oven-dried resealable Schlenk tube
2,2,2-trifluoroacetic acid (TFA, 11.2 u L, 0.15 mmol) was added. The reaction mixture
was stirred at 45 °C for 46 h. Then cooled to room temperature, CH2Cl> (2.0 mL) was
added and the solution was washed successively with saturated solutions of NaHCOs, brine,
dried over Na2SOs, filtered and concentrated in vacuo. The residue was purified by a silica
gel column chromatography (eluent: petroleum ether/EtOAc = 20/1) to give 9 (11.8 mg,
43%).

FiC (R)-methyl 3-(6-(3,5-bis(trifluoromethyl)phenyl)

Q -2,2-dimethyl-5-0x0-1,2,3,5,6,10b-hexahydropyrrolo[1,2-c]q
CFs | uinazolin-10b-yl)-2,2-difluoropropanoate (9)

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate
0.2 mL/min, A = 240 nm), tr (major) = 28.08 min, tr (Minor) =
38.19 min.

'H NMR (500 MHz, CDCls3) 6 7.97 (s, 2H), 7.93 (s, 1H), 7.18-7.10 (m, 2H), 7.06 (td,
J=175,1.0Hz 1H), 6.20 (d, J = 8.0 Hz, 1H), 3.79 (d, J = 11.5 Hz, 1H), 3.53 (s, 3H),
3.28 (d, J=11.5 Hz, 1H), 3.01-2.86 (m, 1H), 2.65-2.55 (m, 1H), 2.53 (d, J = 13.0 Hz,
1H), 2.43 (d, J = 13.0 Hz, 1H), 1.29 (s, 3H), 1.00 (s, 3H).

13C NMR (126 MHz, CDCls) 8 163.6 (t, J = 32.2 Hz), 150.8, 139.8, 138.9, 133.1 (q, J
= 33.9 Hz), 130.9, 128.9, 126.4, 125.6, 123.3, 123.1 (g, J = 275.8 Hz), 122.2-121.9
(m), 115.4, 114.9 (dd, J = 254.0, 251.1 Hz), 62.9 (dd, J = 5.1, 3.2 Hz), 58.8, 54.4, 53.8,
45.0 (t, J = 21.5 Hz), 36.9, 29.4, 27 4.

F NMR (376 MHz, CDCls) & -62.8 (s, 6F), -99.9 (d, J = 277.5 Hz, 1F), -103.7 (d, J
=277.5Hz, 1F).

HRMS (ESI) m/z calcd. for C2sH23FsN203 [M+H]* 551.1581, found 551.1586.

CF,CO,Me
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Synthesis of 10: To an oven-dried resealable Schlenk tube equipped with a magnetic stir
bar were added 4F (22.3 mg, 0.05 mmol), BH3SMe2 (0.125 mL, 2.0 M in THF, 0.25 mmol)
and THF (0.5 mL) under argon. The reaction mixture was refluxed for 12 h, then cooled to
room temperature, quenched with CHsOH (0.5 mL) at 0 °C (carefully addition), and stirred
for an additional 60 min. The solvent was removed in vacuo, and the residue was purified
by a silica gel column chromatography (eluent: petroleum ether/EtOAc = 50/1) to afford 10
(5.4 mg, 43%).

(R)-2,2-difluoro-6,6-dimethyl-7a-phenylhexahydro-1H-pyrrolizine
(10)

HPLC analysis: Chiralcel OJ3 (hexane/i-PrOH = 100/0, flow rate 0.1
mL/min, A = 214 nm), tr (Major) = 77.27 min, tr (minor) = 55.48 min.

'H NMR (400 MHz, CDCls3) & 7.49-7.42 (m, 2H), 7.34-7.27 (m, 2H), 7.22-7.15 (m,
1H), 3.41-3.16 (m, 2H), 3.02 (d, J = 8.6 Hz, 1H), 2.91 (d, J = 8.5 Hz, 1H), 2.76-2.58
(m, 1H), 2.56-2.41 (m, 1H), 2.18 (d, J = 12.7 Hz, 1H), 2.10 (d, J = 12.7 Hz, 1H), 1.09
(s, 3H), 0.89 (s, 3H).

13C NMR (126 MHz, CDCl3) & 149.6, 133.0 (dd, J = 256.2, 252.5 Hz), 128.4, 126.2,
125.4, 75.1, 68.7, 60.1 (dd, J = 27.1, 24.8 Hz), 56.5, 51.3 (t, J = 22.4 Hz), 39.8, 28.1,
27.9.

F NMR (376 MHz, CDCls) 6 -90.8 (d, J = 230.3 Hz, 1F), -97.1 (d, J = 230.3 Hz,
1F).

HRMS (ESI) m/z calcd. for CisH20F2N [M+H]" 252.1564, found 330.1563.
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Mechanistic study

a) Trapping with TEMPO

CF3 CFs
i /@\ CuBr (10 mol%) o
(S)-A1 (5 mol%)
NN CFs TEMPO (1.2 equiv) N)LN CFs
+ n-C4FgSO,Cl ———— > H 1)
2 Ag,CO3 (0.6 equiv) ./'Ph
ph 12 a i-PrCOLEt, 28°C  n-C4Fg 3A, trace

b) Radical clock

o o

J Q\ CuBr (10 mol%) Q /@\ J /©\

NN CFs (S)-A1 (5 mol%) LN s NN CFs  (2)
(

Ph

N
+ mC4FeS0C1 "y o0 06 equi >9 H N _ o
2a iPICOEL, 28°C pc,Fe— 7 n-C4Fy —

12, trace 13,85% Ph

-1

c) Control reactions
CF3 CF3

+ n-C4FgSO,Cl  Ag,CO; (0.6 equiv)
2a i-PrCOLEt, 28°C  n-C4Fy 3A, 57%

2 2 Q
AQLN CF, CuBr (10 mol%) N)LH CF3 @)
H H —
1a
Ph
o (o]
i CuBr (10 mol%) Pq
@ N OMe (S)-A1 (5 mol%) NN OMe  (4)
N L(S)-A1 (5 mol%)

‘
éHs + Nn-C4FeSO,Cl Ag,CO; (0.6 equiv) “oh CH3
Ph 14 2a i-PrCO,Et, 28 °C  n-C4Fg 15, 40%, 0% ee
a) Trapping with TEMPO

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 1a (0.05 mmol, 1.0 equiv), CuBr (0.72 mg, 0.005
mmol, 10 mol%), chiral phosphoric acid (S)-Al (1.6 mg, 0.0025 mmol, 5 mol%),
N-C4FeSOCI 2a (19.07 mg, 0.06 mmol, 1.2 equiv),
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO, 9.4 mg, 0.06 mmol, 1.2 equiv) and
ethyl isobutyrate (0.5 mL) at 28 °C, and the sealed tube was then stirred at 28 °C for
36 h. PhOCFs (internal standard, 0.05 mmol, 1.0 equiv) was added to the reaction
mixture. Yield was based on °F NMR analysis of the crude product.

Note: Since the reaction is sensitive to water and air, Schlenk tube and the reagents
must be dried prior to use.
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b) Radical clock
Procedure for synthesis of substrate 11
Br
Br
= Br
TEBA, NaOH(50% aq) EtMgBr, Ti(O'Pr),
— _— 5
CHBr3, 60 °C 0°Ctort
s-1 s-2
cis/trans
Br
Dess-Martin CN
o]
1)tBuL| Et,0, -78 °C perlodlnane [e) (Me;Si),NHNa, THF
o T CHCl —_——
2) XCHO 0°C to rt (Ph)sCHgBrP
- 0°Ctort
s'2 s-4
CcIS
2,0
=0
CN NN CF,
H H
LiAlHa, E4O o
OCton CHaClpPrNE, 0 °C

(#)-1

According to the procedures previously reported?, styrene (5.2 g, 50.0 mmol), CHBrs3

(50.5 g, 200.0 mmol) and triethylbenzylammonium chloride (TEBA, 1.1 g, 5.0 mmol)
were added to a 250 mL flask under nitrogen atmosphere. A solution of sodium

hydroxide (6.0 g in 6.0 mL of H20) was added dropwise to the mixture at 0 °C. After
addition, the reaction mixture was stirred for 2 hours at 60 °C. The resulting mixture
was diluted by 50 mL of water and extracted with dichloromethane (3 x 50 mL). The

combined organic layers were washed with brine, and dried with anhydrous Na2SOa.
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The solvent was removed in vacuo, and distillation (120 °C (12 mmHg)) of the
residue afforded (2,2-dibromocyclopropyl)benzene (s-1) (11.5 g, 83%) as a colorless
liquid.

According to the procedures previously reported,® to a solution of s-1 (2.75 g, 10.0
mmol) and titanium isopropoxide (0.14 g, 0.5 mmol) in dry THF (50 mL),
ethylmagnesium bromide (5.4 mL, 2.4 M in 2-Methyltetrahydrofuran, 13.0 mmol) was
slowly added by syringe at 0 °C. The reaction mixture was stirred at 0 °C for 20 min
and then at room temperature for 20 min. Then the reaction was quenched by
saturated NH4Cl solution (10 mL), and extracted with EtOAc (3 x 30 mL). The
combined organic layers were brined, dried over Na>SOs, filtered and concentrated in
vacuo. The residue was purified by a silica gel chromatography (eluent: petroleum
ether) to afford the desired product s-2 (0.89 g, 45%).

To a solution of s-2 (1.97 g, 10.0 mmol) in dry Et,O (20 mL) was added t-BuLi (17.0
mL, 1.3 M in n-pentane, 22.0 mmol) at -78 °C. The reaction mixture was stirred at -78
°C for 30 min. 2,2-Dimethyl-4-oxobutanenitrile (1.11 g, 10.0 mmol) in dry Et.O (5
mL) was slowly added, and the reaction mixture was stirred for 2 h. Saturated NH4CI
solution was added and the solution was extracted with EtOAc (3 x 20 mL). The
organic layer was dried over anhydrous Na2SOs, filtered and concentrated in vacuo to
afford the crude product s-3. To a stirred suspension of Dess-Martin periodinane (5.09
g, 12.0 mmol) and NaHCO3 (1.00 g, 12.0 mmol) in CH2Cl> (40 mL) was added a
solution of s-3 in CH2Cl> (10 mL) at 0 °C. The reaction mixture was stirred at room
temperature for 2 h. The resulting solution was washed with saturated aqueous
NaHCO3z (2 x 30 mL) and saturated aqueous NaS»Oz (2 x 30 mL), dried over
anhydrous Na>SOs, and concentrated in vacuo to afford crude product, which was
purified by a silica gel chromatography (eluent: petroleum ether/EtOAc = 10/1-4/1) to
afford s-4 (0.52 g, 23% over two steps).

Sodium bis(trimethylsilyl)amide (2.6 mL, 2.0 M in THF) was added to a solution of
methyltriphenylphosphonium bromide (1.86 g, 5.2 mmol) in dry THF (10 mL) at 0 °C.
After stirring for 30 min, a solution of s-4 (0.91 g, 4 mmol) in THF (5 mL) was added
and the reaction mixture was gradually warmed up to room temperature and stirred
for an additional 8 h. The mixture was filtered through silica-pad (Et2O was used as
an eluent). The eluate was concentrated in vacuo then purified by a silica gel
chromatography (eluent: petroleum ether/EtOAc = 40/1-20/1) to afford s-5 (0.78 g,
87%).

To a suspension of LiAlHs (228 mg, 6.0 mmol) in Et2O (5 mL) at 0 °C was slowly
added a solution of s-5 (676 mg, 3.0 mmol) in Et2O (3.0 mL), then the mixture was
warmed to room temperature, stirred for an additional 2 h. The reaction mixture was
quenched by slow, sequential addition of water (0.1 mL) in Na2SO4 (1.0 g) at 0 °C.
The reaction mixture was warmed to room temperature, stirred for an additional 30
min, filtered and concentrated in vacuo to afford s-6, which was used in the next
reaction without further purification.

1-1socyanato-3-(trifluoromethyl)benzene (2.0 mmol) was slowly added to a stirred
solution of s-6 (2.0 mmol) and ethyldiisopropylamine (iPr.NEt, 2.0 mmol) in dry
CH2Cl> (5.0 mL) at 0 °C. The reaction mixture was stirred for an additional 30 min at
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0 °C. After complete conversion (monitored by TLC), the crude mixture was directly
purified by silica gel column chromatography (eluent: petroleum ether/CH.Cl, =
100:1-1:5, using petroleum ether (100%) to remove CH2Clz and iProNEt at first) to
give urea substrate 11.

& | (2,2-dibromocyclopropyl)benzene (s-1)
el 'H NMR (500 MHz, CDCls3)  7.41-7.32 (m, 3H), 7.31-7.26 (m, 2H), 2.98
(dd, J = 10.5, 8.5 Hz, 1H), 2.15 (dd, J = 10.5, 8.5 Hz, 1H), 2.07-2.00 (m,
1H).
13C NMR (126 MHz, CDCls) 6 136.1, 129.0, 128.4, 127.7, 36.0, 28.6, 27.3.

((cis)-2-bromocyclopropyl)benzene (s-2)
ss | 'H NMR (400 MHz, CDCls) & 7.40-7.26 (m, 5H), 3.37-3.29 (m, 1H),
2.38-2.29 (m, 1H), 1.64-1.56 (m, 1H), 1.39-1.32 (m, 1H).

13C NMR (100 MHz, CDCI3) & 137.3, 129.3, 128.1, 126.9, 24.2, 22.2,
14.3.

o 2,2-dimethyl-4-oxo-4-(2-phenylcyclopropyl)butanenitrile (s-4)
0 'H NMR (500 MHz, CDCls) & 7.29-7.13 (m, 5H), 2.77 (g, J = 8.5
Hz, 1H), 2.67 (d, J = 16.5 Hz, 1H), 2.50 (d, J = 16.5 Hz, 1H),

2.48-2.43 (m, 1H), 1.98-1.91 (m, 1H), 1.40-1.33 (m, 1H), 1.15 (s,

3H), 1.12 (s, 3H).
13C NMR (126 MHz, CDCl3) § 201.3, 135.3, 129.2, 128.1, 127.0, 124.5, 53.0, 30.4,
29.4,29.2,26.7, 26.1, 11.7.

o 2,2-dimethyl-4-oxo0-4-(2-phenylcyclopropyl)butanenitrile (s-5)
'H NMR (400 MHz, CDCl3) & 7.26-7.07 (m, 5H), 4.96-4.91 (m,

% 2H), 2.45-2.32 (m, 1H), 2.10 (g, 8.0 Hz, 1H), 1.94 (d, J = 14.0 Hz,
1H), 1.88 (d, J = 14.0 Hz, 1H), 1.25-1.23 (m, 8H).

13C NMR (100 MHz, CDCls) & 140.7, 138.3, 128.4, 127.8, 125.8, 117.2, 48.0, 31.2,
27.8,27.1,26.7, 26.7, 23.7, 10.7.

NH, 2,2-dimethyl-4-(2-phenylcyclopropyl)pent-4-en-1-amine (s-6)
% 'H NMR (500 MHz, CDCl3) § 7.23-7.18 (m, 2H), 7.16-7.06 (m,

3H), 4.77 (t, J = 1.5 Hz, 1H), 4.73 (s, 1H), 2.41 (s, 2H), 2.32-2.24
(m, 1H), 1.91 (q, 8.0 Hz, 1H), 1.71 (d, J = 13.5 Hz, 1H), 1.59 (d, J
=13.5 Hz, 1H), 1.19 (t, J = 7.5 Hz, 2H), 0.83 (s, 3H), 0.83 (s, 3H).

13C NMR (126 MHz, CDCls) § 142.9, 138.7, 128.3, 127.6, 125.6, 115.3, 53.1, 46.5,
28.0,25.4,25.2, 23.5, 10.8.

5 Q 1-(2,2-dimethyl-4-(2-phenylcyclopropyl)pent-4-en-1-yl)-3-(3
or. | -(trifluoromethyl)phenyl)urea (11)

'H NMR (500 MHz, CDCl3) & 7.55 (s, 1H), 7.50 (d, J = 8.5 Hz,
()11 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.27-7.19 (m, 3H), 7.18-7.12 (m,
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2H), 7.11-7.05 (m, 2H), 5.15 (t, J = 6.0 Hz, 1H), 4.78 (s, 1H), 4.74 (s, 1H), 3.05 (d, J
= 6.0 Hz, 2H), 2.28 (dd, J = 15.5, 8.5 Hz, 1H), 1.88 (dd, J = 16.0, 8.0 Hz, 1H), 1.73 (d,
J=13.5Hz, 3H), 1.63 (d, J = 13.5 Hz, 1H), 0.88 (s, 3H), 0.86 (s, 3H).

13C NMR (126 MHz, CDCls) § 155.8, 142.4, 139.6, 138.7, 131.3 (q, J = 32.2 Hz)
129.5, 128.6, 127.6, 125.6, 123.9 (q, J = 272.9 Hz), 122.7, 1195 (q, J = 3.8 Hz),
116.2 (g, J = 3.8 Hz), 115.6, 50.1, 47.1, 28.0, 26.9, 25.7, 25.3, 23.6, 10.9.

19F NMR (376 MHz, CDCls) & -62.8 (s, 3F).

b) Radical clock experiment:

b) Radical clock

o
0,
NN CF4 CuBr (10 mol%) P§ /©\ NXN CF
H H N CFs .

(S)-A1 (5 mol%) N H H 8
*+ n-C4FeSO:Cl )3 O, (0.6 equiv) o o = cl
#)11 2a iFPrCOLEL, 28 °C 1p.c,Fq n-C,4Fy —
Ph 12, trace 13,85% Fh

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with urea substrate 11 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol,
10 mol%), chiral phosphoric acid (S)-Al1 (3.1 mg, 0.005 mmol, 5 mol%),
n-C4FeSO2CI (2a) (38.15 mg, 0.12 mmol, 1.2 equiv) and ethyl isobutyrate (1.0 mL) at
28 °C, and the sealed tube was then stirred at 28 °C for 72 h. Upon completion
(monitored by TLC), the reaction mixture was directly purified by a silica gel
chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using petroleum ether
(100%) to remove the solvent (ethyl isobutyrate) at first] to afford the desired product
13 in 85% yield (ca.9:1 mixture of alkene geometric isomers by *H NMR).

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

9 Q 'H NMR (500 MHz, CDCls) & 7.58 (s, 1H, major + minor),
NN cs | 7.51 (d, J = 8.0 Hz, 1H, major + minor), 7.43-7.20 (m, 8H,
n_cjg*\%c' " major + minor), 7.03 (s, 1H, minor), 6.94 (d, J = 21.0 Hz, 1H,
” major), 6.80 (dd, J = 15.5, 11.0 Hz, 1H, minor), 6.57 (d, J =
15.5 Hz, 1H, minor), 6.31 (d, J = 11.1 Hz, 1H, minor), 5.56 (t, J = 7.2 Hz, 1H, major),
5.03 (t, J = 6.0 Hz, 1H, major), 4.89 (dd, J = 8.5, 5.5 Hz, 1H, major), 3.18-2.98 (m,
2H, major + minor), 2.98-2.65 (m, 4H, major + minor), 2.12-1.97 (m, 2H, major +
minor), 0.99-0.76 (m, 7H, major + minor).
F NMR (376 MHz, CDCls3) 6 -62.7 (s, 3F, major + minor), -80.9 (t, J = 9.4 Hz, 3F,
major + minor), -112.5 (s, 2F, major + minor), -124.1 (s, 2F, major + minor), -125.7 (t,
J =125 Hz, 2F, major + minor).
HRMS (ESI) m/z calcd. for C2gH280N2CIF12 [M+H]*: 671.1699, found 671.1704.

c) Control reactions
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‘ |
CH,3 + n-C4FeSO,Cl Ag,CO; (0.6 equiv) “Ph cHs
2a i-PrCO,Et, 28 °C  n-C4Fy 15

40%, 0% ee

o) o)
I CuBr (10 mol%) PS
@ N OMe (S)-A1 (5 mol%) N" N OMe

Ph 14

o Q (R)-N-(3-methoxyphenyl)-N,4,4-trimfethyl-z-(z,2,3,3,4,4},5,5
N ove | ,D-nonafluoropentyl)-2-phenylpyrrolidine-1-carboxamide
>9 | (15)

e @ * HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 98/2, flow
rate 0.2 mL/min, A = 214 nm), tr (major) = 25.61 min, tr

(minor) = 28.56 min.

'H NMR (500 MHz, CDCls) & 7.38-7.30 (m, 4H), 7.29-7.19 (m, 2H), 6.73 (dd, J =
8.7, 2.0 Hz, 1H), 6.69-6.63 (m, 2H), 3.77 (s, 3H), 3.68-3.52 (m, 1H), 3.46-3.30 (m,
1H), 3.15 (s, 3H), 2.94-2.83 (m, 2H), 2.49 (d, J = 13.5 Hz, 1H), 2.14 (d, J = 13.5 Hz,
1H), 0.92 (s, 3H), 0.71 (s, 3H).

13C NMR (126 MHz, CDCls) 6 160.5, 159.2, 147.6, 145.6, 130.1, 127.9, 126.7, 126.3,
117.6, 111.3, 110.7, 121.4-105.9 (m), 69.0, 62.3, 55.3, 52.4, 41.0, 37.0 (t, J = 18.7
Hz), 36.2, 29.0, 27.9.

F NMR (376 MHz, CDCls3) § -80.3 ~ -81.5 (m, 3F), -107.7 ~ -112.0 (m, 2F), -124.3
(9, J=9.7 Hz, 2F), -125.3 ~ -126.7 (m, 2F).

HRMS (ESI) m/z calcd. for CasH2sF9N202 [M+H]*" 571.2007, found 571.2013.
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