Enantioselective cyanation via radical-mediated C—C single bond cleavage for
synthesis of chiral dinitriles
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Supplementary Figure 1. "H NMR of 1f
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Supplementary Figure 2. *C NMR of 1f



°g')
se'l
85l
85l
86k
00z
00z
0z
20z
POz
LeT
ee
BT
06Z
082
5T
L&T
752
e6Z
Loy
eot
X4
569
959
96'9
169
85'0
669
669
0oL
0L
0L
Lo
VoL
oL
0L
0L
S04
50 L
9L
0L
80 L]
80 ﬁﬁ
80'L
9L
1z
8zl
8zl
674
671
0L
VE'L
LEL
zeL
eeL
0Ll
zLl
518
i

—

p—

Wz
— ok

- €0k
.I..J Sv
«
m

\\lhn.ﬂ_ ool
é
|
|

— L0y

B Mu 90}
Faoy

FLoe

—

___J

OPh

4

p-CF3Ph
19

R=

N Fooez

-0

Supplementary Figure 3. '"H NMR of 1g

8y ec—

00oe—
8e'PE—

L8y —

PE9L
gl EW
8vLL

768l

756l

€27z

)

S6FZ1

sr'szl

£5'5Z)
155zl

0952}

99z}

)

EL6T)

66T

95781

80PEl

ZrPel

R

05 FE

L05El

£h95L—

s

7979k~

Lzall—

OPh

O-N

z

p-CF4Ph

R=

19

T

120

130

T
Tl

180

T

130

100 90

£1 (ppm.

110

140

150

180

1

200

0

Supplementary Figure 4. *C NMR of 1g



000
za v/
£8't

va'l
58}
58’1
98’11
98'L
89’k
161
85’1
86 1

£0°Z]
£0¢C
507
02z
087}
ZeT]
ZeT
22T
52T
8rz
8.z
08z
08z
z8¢
ve'z
16T
Z6'C
Z6T
Z6C
6T
v6'Z
56T
96'C
66'C
00w
0w
20w
0L
804
80 i
AN
zi %
plL

szt
STt
ve L
5TL
9zt
izt
VL
SLL
918
818

SMe

p-CF3Ph

R=

1h

Wvovu

2054
FroL

FeBZr

[0
el

Foobp

-0

)

Supplementary Figure 5. "H NMR of 1h

1861 —
§55C2C—

L00E—
SLpE—

L6y —

[N
9l _\.\.W
8yLL

Z56LL
Prayaa
EERZA
revel
[ =rA
Sld=TA
€521
L55TL
095zl
9z'9zl L
S9LTENE
206ZL -7
86 _mw_..\.
£5Zel
B0PEL
Zrpel
rLPEL
.l.o.mm:
5.8cl
LE'0FL
L3E9L—

CELLL—

SMe

p-CF3Ph

R=

1h

T

120

130

T
Tl

180

T

130

100 90

£1 (ppm.

110

140

150

180

1

200

0

Supplementary Figure 6. *C NMR of 1h
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Supplementary Figure 16. *C NMR of 1n
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Supplementary Figure 20. *C NMR of 1p
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Supplementary Figure 22. *C NMR of 1s
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Supplementary Figure 23. "H NMR of 1t
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Supplementary Figure 38. *C NMR of 3h
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Supplementary Figure 39. 'H NMR of 3j

21



et —
65'6C—

oL'6r—

7894
9l E.W
av'Li

BELLA
\zzzh
Z6'VZL
55521
85621
£91zL
00 OQW
£008L
9z'zel
LZ'pel
05'FEL
98'pEl
Emm;
05'0pk

-

L9281 —

Z60LL—

Cl

Ar = p-CF3C6H4

3

'1

i

|

200 190 180 170 160 150 140 130 120 ﬁOﬂgDO)QO 80 70 60 50 40 30 20 10
ppm

10

Supplementary Figure 40. 3C NMR of 3j
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Supplementary Figure 134. 3C NMR of 40
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Supplementary Figure 135. "H NMR of 4p
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mAU Max Intensity : 186,425
J214nm.4nm| Time 11.326 Inten. 4.440
4004
; CN
300_: /©/ch
] Ph
200—. 2a racemic
3 \ l.'\I
o x '\
E ~ L\J‘ A oA { \, )I .\'
0_- e PR ¥ 4 A’T*‘ ol 'T: b p—
0.0 50 100 150 200 250 30.0 min
Peak Ret. time Area % Height Area
1 21.193 49.497 182329 7962872
2 27.239 50.503 147469 8124776
Totol: 100.000 329797 16087649

Supplementary Figure 169. HPLC data of rac-2a
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mAU

Max Intensity : 283,143

4214nm 4nm| Time 3.377 Inten. 4.039
500
i oN
] /@/\/\/CN
250—- Ph l'\
e 2a J
. \
'\—‘_—-"Jk‘“_‘—‘_,___ ] k J A SR
] F T
0.0 50 100 150 200 250 300 min
Peak Ret. time Area % Height Area
1 21.263 95.858 367380 16671598
2 27.826 4.142 13746 720306
Totol: 100.000 381126 17391904
Supplementary Figure 170. HPLC data of 2a
maU Max Intensity : 508,848
500-4214nm.4nm Time 29.442 Inten. 0.720
CN
o
250—: 2b racemic
i . e — . s .
00 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 18.849 49.750 508132 14665027
2 21.339 50.250 458583 14812368
Totol: 100.000 966715 29477395
Supplementary Figure 171. HPLC data of rac-2b
mAU Max Intensity : 168,660
$214nm dnm| Time 5 2.465 Inten. -1.5786
150+ |
- QN |
] ; CN
; 2
50+ \
i s A Pary ,J Ao
00 50 100 15.0 200 250 " min
Peak Ret. time Area % Height Area
1 18.828 4712 10158 264766
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2 21.376 95.288 170088 5354716
Totol: 100.000 180246 5619482
Supplementary Figure 172. HPLC data of 2b
maU Max Intensity : 588,026
1214nm.4nm| q Time 0693 Inten. -0.075
500+ Me CN '
| CN l :
1
] | i
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250+ ‘ J [||
'|
i S S S AN A I N %
: S —— ——r— e T 5
0.0 5.0 10.0 15.0 20.0 25.0 30.0 min
Peak Ret. time Area % Height Area
1 20.706 49.081 586181 19740769
2 29.646 50.919 399264 20480290
Totol: 100.000 985445 40221059
Supplementary Figure 173. HPLC data of rac-2¢
mAU Max Intensity : 228,399
J214nm.4nm Time 0.000 Int7]n. 0.000
200 I
- Me CN | |
150—_ A CN \
1003 |
] 2c ' |
504 I IIH
T P S - i Wi\ 4\1‘ \ 4
00 50 100 150 200 250 300 mn
Peak Ret. time Area % Height Area
1 20.601 4.980 18454 573471
2 29.091 95.020 231685 10941981
Totol: 100.000 250140 11515452

Supplementary Figure 174. HPLC data of 2¢
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mAU Max Intensity : 306,214
300-1214nm.nm| ; Time  1.939  Inten. -0.258]
] CN
i CN ||
200
1 Bu
4 2d racemic
100 ~ |
! | U \
0 s X
0.0 25 5.0 75 100 125 150 175 200 225 min
Peak Ret. time Area % Height Area
1 16.068 49.889 306448 8207774
2 17.730 50.111 271171 8244137
Totol: 100.000 577619 16451911
Supplementary Figure 175. HPLC data of rac-2d
mAU Max Intensity : 647,896
4214nm.£nm| Time , 0.097 Inten. 0.002
500+ e
4 /@/\/\/CN
1 Bu |
250~ 2d
] 1
i HI
1 — FAYS M
O—IIIIIIIFJT\III
0.0 25 5.0 I 10.0 12.5 15.0 17.5 20.0 225 min
Peak Ret. time Area % Height Area
1 16.393 6.233 55535 1407118
2 17.831 93.767 647704 21169690
Totol: 100.000 703240 22576809
Supplementary Figure 176. HPLC data of 2d
mAU Max Intensity : 445 564
Piénm.dnm]| 7 Time 1.294 Inten. -0.085
4004 ll
] CN rl
300} Q)\NCN ’ (ll
200—3 ™S \
] 2e racemic (
100
] 4
o - — | &LM \
1— s S S
0.0 5.0 10.0 15.0 20.0 25.0 30.0 min
Peak Ret. time Area % ’ Height Area
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1 18.237 49.938 445578 18926413
2 21.794 50.062 369114 18973695
Totol: 100.000 814692 37900108

Supplementary Figure 177. HPLC data of rac-2e

Max Intensity : 545,168

|‘| Time 0.000 Inten. 0.000]
|
’|
|
| \
LA A )
— T e e :
0.0 5.0 10.0 15.0 20.0 25.0 30.0 min
Peak Ret. time Area % Height Area
1 18.198 94.977 546278 23390003
2 22.009 5.023 28322 1236980
Totol: 100.000 574599 24626983
Supplementary Figure 178. HPLC data of 2e
mAU

Max Intensity : 149,701

1504214nm.£nm F Time Inten.
; o ’|
100 Meo\©)\/\/CN || ﬁ
50_: 2f racemic ‘ \| , \
A L\
§
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450  min
Peak Ret. time Area % Height Area
1 30.195 49.821 148727 6998292
2 36.668 50.179 118283 7048545
Totol: 100.000 267010 14046838

Supplementary Figure 179. HPLC data of rac-2f
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mAU Max Intensity : 368,800
J214nm dnm] Time 6.888 Inten. -0.039]
300 oN \
. Me0\©/\/\/CN
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] 2f ‘
100 ‘
0: o g FANS J A
NS NG — T S —
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 min
Peak Ret. time Area % Height Area
1 30.344 5.132 28150 1287689
2 36.248 94.868 369147 23801454
Totol: 100.000 397297 25089144
Supplementary Figure 180. HPLC data of 2f
mAU Max Intensity : 1,137,949
1214nm 4nm| I,\Time 0.058 Inten. 0.000
1000- l['
5 CN
| | |
750 '
500_: 2g racemic | l[ls
250 J '5%
0- S 1 N b
R L A T T ey — T = Ty Tl
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 19.626 50.026 1137173 54153369
2 25.080 49.974 892649 54096018
Totol: 100.000 2029822 108249387
Supplementary Figure 181. HPLC data of rac-2g
mAU Max Intensity : 266,202
1214nm.énm| Time 0.232 Inten. -0.013
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Peak Ret. time Area % Height Area
1 19.768 92.113 266013 11788503
2 25.611 7.887 19922 1009358
Totol: 100.000 285935 12797861
Supplementary Figure 182. HPLC data of 2g
mAU Max Intensity : 379,210
J214nm 4nm| Time Inten.
] | "l
300 CN
] MeSO/K/\/CN
200
] 2h racemic ) ‘
1004
| N ,l \
B P e e o e e ) P e T A A 'IF * et
0.0 5.0 10.0 15.0 20.0 2 30 0 35.0 min
Peak Ret. time Area % Height Area
1 25.251 49.938 387603 19641132
2 27.766 50.062 351511 19690091
Totol 100.000 739114 39331223

Supplementary Figure 183. HPLC data of rac-2h

Max Intensity : 248,024

Time 0.000 Inten. 0.000
4 CN P
200+ Mes\©/\/\/CN ||
'1
| I
100} 2h l k
| l
|
o PaNy) \»1:
] r I
00 50 100 15.0 200 250 300 350 min
Peak Ret. time Area % Height Area
1 25.406 4,938 15150 699557
2 27.717 95.062 247380 13467988
Totol: 100.000 262530 14167545

Supplementary Figure 184. HPLC data of 2h
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mAU Max Intensity : 635,501
1214nm.4nm Time 50.494 Inten. -11.154]
] CN r
500 Q)WCN
Tsl\ll
g Me 2i racemic
250+
0—-—--h kdf
3 X A x T T s oot T z
0.0 25.0 50.0 75.0 100.0 min
Peak Ret. time Area % Height Area
1 87.405 49.181 536227 68926239
2 92.439 50.819 645825 71222674
Totol 100.000 1182052 140148913
Supplementary Figure 185. HPLC data of rac-2i
mAU Max Intensity : 487,828
5004214nm 4nm Time " Inten.
400—5 CN
] - CN
o /@/\/v
: Tsl\ll
200 Me 2i
1004 k
o — Jr/\’g .
0.0 280 | 500 750 1000  min
Peak Ret. time Area % Height Area
1 88.428 5.106 23141 2975965
2 93.250 94.894 487477 55311320
Totol: 100.000 510618 58287285

Supplementary Figure 186. HPLC data of 2i
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mAU Max Intensity : 488,969
500—: 214nm .‘nml '] Time 7.061 Inten. 0.937
400 CN | [\

300—5 /@/K/\/CN \ |
200—: F 2j racemic \
] |
100 '\
0__:,_,;_;,.,..,__,-.,_,-. P N y \._;H ol
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 400  min
Peak Ret. time Area % Height Area
1 28.209 49.830 488000 25533343
2 31.903 50.170 468146 25707213
Totol: 100.000 956146 51240556
Supplementary Figure 187. HPLC data of rac-2j
mAU Max Intensity : 267 668
J214nm.dom Time 41.712 Inten. -6.529
200- e
4 /@/\/\/CN
g F i
100 2j \‘,
ﬁl
A s J \_43{\41
00 50 100 150 200 250 300 350 400 min
Peak Ret. time Area % Height Area
1 28.395 93.411 273800 13400075
2 32.390 6.589 19842 945145
Totol: 100.000 293642 14345220
Supplementary Figure 188. HPLC data of 2j
mAaU Max Intensity : 1,156,076
:214nm¢nm] Time 8.589 Inten. 1.777
1000- oN i

| cl CN \

: ||
S00- 2k racemic

|
] by \y
. S 15 M. S|
0.0 - 25 5.0 7.5 10.0 125 15.0 17.5 20.0 225 min
Peak Ret. time Area % Height Area
1 15.030 49.243 1154683 30072261
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18.631 50.757 1001967 30996533
Totol: 100.000 2156651 61068795
Supplementary Figure 189. HPLC data of rac-2k
mAU ' Max Intensity : 419,350
400_: 214nm 4nm Time I,l Inten.
] CN I
3004 CI\©/\/\/CN ( |
200—: \
] - i
100 ) ll
a |
] ) kY
z =l 'I_' == |"VT|' ,T\"\q"‘:l' L P e |
0.0 B 25 5.0 75 10.0 125 15.0 17.5 20.0 225 min
Peak Ret. time Area % Height Area
1 15.199 4.582 25682 588358
2 18.672 95.418 418529 12253502
Totol: 100.000 444211 12841860

Supplementary Figure 190. HPLC data of 2k

Max Intensity : 215,685

12 Time 10.848 Inten., 0.059
E CN ||I|| Ir'll
150 F300\©)\/\/CN | \ (]l
100—; 2| racemic J | J g
= \ [
] J § \
0 e —ee =
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 25.917 50.005 215726 9676116
2 28.255 49,995 197350 9674355
Totol 100.000 413076 19350471

Supplementary Figure 191. HPLC data of rac-21
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mAU Max Intensity : 528,094
:00_:21¢nm.4nm| Time 27.033 Inten. {,\ 0.955
400 \

1 CN
300_5 F3CO\©/\/\/CN |
200—5 2l ‘ \

] |
1003 | 'l\

] L I 4

0_: > N '1\1/\-% Sl

00 S50 100 150 200 250  min

Peak Ret. time Area % Height Area
1 26.144 4.952 34865 1461850
2 28.107 95.048 527220 28056044
Totol: 100.000 562085 29517894
Supplementary Figure 192. HPLC data of 21
mAU Max Intensity : 137,856
214nm.4nm Time] 27.458 Inten. 0.366
1003 N (ll fll
] F3c\©)\/\/CN I ) |
5 I
50—: 2m racemic /\ } ll
3 |
E II
00 50 100 150 200 250 300 min
Peak Ret. time Area % Height Area
1 22.769 49.807 137238 5166377
2 24.388 50.193 128646 5206397
Totol: 100.000 265884 10372774
Supplementary Figure 193. HPLC data of rac-2m

mAU Max Intensity : 137,899

1214nm £nm| Tin’lq 1.438 Inten. -0.137
100 eN }\

3 FsC : CcN

- o \

: 2m |

: |

H—tn, . - ] Ly

00 50 100 150 200 250 300 ‘min

Peak Ret. time Area % Height Area
1 22.711 5.186 8953 311115
2 24.099 94.814 145075 5687658
Totol: 100.000 154028 5998773

Supplementary Figure 194. HPLC data of 2m
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mAU

Max Intensity : 210,079

400_.214nm,¢m~n| Time 43.253 Inten. 25.997|
: oN
300-] Meozc\©\)\/\/CN
E Me
200—_ 2n racemic |'l'
: AN
100- / \ (
3 W
- \ L]
0.0 5.0 100 150 ) 25.0 300 350 400 450  min
Peak Ret. time Area % Height Area
1 37.921 49.891 217240 14708704
2 41.901 50.109 198191 14772915
Totol: 100.000 415431 29481619
Supplementary Figure 195. HPLC data of rac-2n
mAU Max Intensity : 222,540
P1énam.énm Time Inten.
i oN .
200 MeOZC\©\/\/\/CN f'll
4 Me \I
100 2n ‘|
4
0——}'lL,,.~_,_._,J_,_,—H_.-.. Py e— )Tx)l \- \#\/"\_‘lf i
00 50 100 150 250 300 350 400 450 min
Peak Ret. time Area % Height Area
1 37.331 94.520 222561 16137746
2 42.414 5.480 13380 935658
Totol: 100.000 235942 17073404

Supplementary Figure 196. HPLC data of 2n
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mAU Max Intensity : 220,065
J214nm.dnm| Time 0.290 Inten. -0.174)
200 W
1 CN
] NC CN \
] Me |
100_: 20 racemic \
50 \‘
] A }
0 }Lk I ” \‘1’43 N
0.0 50 100 150 200 250 300 350 400 450  min
Peak Ret. time Area % Height Area
1 30.728 50.177 220568 15823659
2 36.130 49.823 202173 15711789
Totol: 100.000 422741 31535448
Supplementary Figure 197. HPLC data of rac-20
mAU Max Intensity : 118,521
4214nm 4nm| Time 8.028 Inten. -2.457|
100 CN
] NC ' CN
75 @\/\/v |
] Me |
50—: 20 K
25 |
] i
0-—:/‘x_.f'h-_\_r\ —— & \ \lr,l\/\-._\lr e
00 50 100 150 200 250 300 350 400 450  min
Peak Ret. time Area % Height Area
1 30.239 94.459 121137 8529419
2 35.870 5.541 6941 500312
Totol: 100.000 128078 9029731

Supplementary Figure 198. HPLC data of 20
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mAU Max Intensity : 21,236
40:21:nm.~’nm| Time Inten.
: CN
30—_ /@)\/\/CN
20
] et 2p, racemic f\\ rl
10 l | |
b A ’
S L S e } "
] E SRR
SO S M A S S SR U M S oL —
0 10 20 30 40 50 60 min
Peak Ret. time Area % Height Area
1 52.292 49.880 22051 1593710
2 55.272 50.120 20413 1601383
Totol: 100.000 42464 3195093
Supplementary Figure 199. HPLC data of rac-2p
mAU Max Intensity : 65,328
125 B 1enm 2om Time 0.345 Inen. 0.007
100—3
] N
75 /@/\/\/ CN
] f
s0- FCT g !
. | \
] J
0] i 1 Voo A i i it £ :*__\ﬂ%
0o 20 30 40 0 60min
Peak Ret. time Area % Height Area
1 51.073 7.321 6332 420558
2 53.432 92.679 65675 5324199
Totol: 100.000 72007 5744757
Supplementary Figure 200. HPLC data of 2p
mAU Max Intensity : 43,279
752140 Time 0.000 Inten. 0.000
: CN
50+ cN
QM (-
] MeO,C Il I
=i 2q, racemic | ﬁ'| {l \
] - | \
- il S ¥, \ xJ/)T\)'I I\\_w
00 25 50 75 100 125 150 175 200 225 250 275  min
Peak Ret. time Area % Height Area
1 21.314 49.879 43090 1687552
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23.719

50.121

38950

1695773

Totol:

100.000

82040

3383326

Supplementary Figure 201. HPLC data of rac-2q

Max Intensity : 15,594
Time 0.149 Inten. -0.011
a CcN
204 ' eN
4 2q \
10 M
E r‘f i IIJ Il’..
0 r N — N A
00 25 S50 75 100 125 150 175 200 225 250 275 mn
Peak Ret. time Area % Height Area
1 21.474 88.187 15690 615179
2 23.997 11.813 2002 82407
Totol: 100.000 17692 697585

Supplementary Figure 202. HPLC data of 2q

mAU Max Intensity : 410,289
1000—~21£nm_4nm Time 0.592 Inten. 0.013
750
] CN
o
] Ao
250_: 2r racemic If l[ H |I
1 (1]
] \
0 . /J‘..JL ’\_hﬁ}_\w
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 400  min
Peak Ret. time Area % Height Area
1 31.144 49.478 394152 14766900
2 33.190 50.522 392866 15078214
Totol: 100.000 787018 29845114

Supplementary Figure 203. HPLC data of rac-2r
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Max Intensity : 1,023,724

Time 3.037 Inten. 45.176|
500-] / ‘
[
|
|
A L 4\/\% k 3
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 400  min
Peak Ret. time Area % Height Area
1 31.357 5.119 60979 2325608
2 33.606 94.881 1022333 43101992
Totol: 100.000 1083312 45427600
Supplementary Figure 204. HPLC data of 2r
mAU Max Intensity : 1,589,740
3000-214nm.4nm| Time Inten.
2000 O CN
il CN
| C |
1000 , z \ | ||
1 2s racemic |
! |
1 | }
e -
00 25 ‘50 75 100 125 150 175 200 225  min
Peak Ret. time Area % Height Area
1 17.630 49.920 1587922 42303287
2 21.429 50.080 1433941 42439452
Totol: 100.000 3021863 84742739

Supplementary Figure 205. HPLC data of rac-2s

Max Intensity : 1,173,859

Time 4291 Inten. 0.287
CN \
. % S | I\\_‘l‘
% ) TR T T R T T r L7 e T '
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225  min
Peak Ret. time Area % Height ‘ Area ‘
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1 17.893 3.429 55504 1150657
2 21.748 96.571 1173178 32410824
Totol: 100.000 1228682 33561482
Supplementary Figure 206. HPLC data of 2s
mAU Max Intensity : 890,699
_2'14nm,4nm| Time Inten.
| CN
1000+ CN
: C w
|
] () { l '\
500 Q ‘ I; II |
4 2t racemic 4 |I | ||\
0 i S |I \\ A } \__ A
T T T T T T T T ',Tk T T T T ‘q\: T T T T T
0.0 ‘ 5.0 10.0 15.0 20.0 25.0 30.0 min
Peak Ret. time Area % Height Area
1 23.109 49.471 890346 41525070
2 27.571 50.529 740700 42412671
Totol: 100.000 1631047 83937741
Supplementary Figure 207. HPLC data of rac-2t

Max Intensity : 400,242
Time 2.607 Inten. -0.517
CN
Sane l"\
250 |
Q. { 1
2t II
| |
|
|y 1
i P o, -
00 5.0 10.0 15.0 20.0 25.0 30.0 min
Peak Ret. time Area % Height Area
1 23.479 94.782 401146 17629646
2 28.475 5.218 19786 970623
Totol: 100.000 420933 18600268
Supplementary Figure 208. HPLC data of 2t
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mAU Max Intensity : 561,675
1000—:214!’]1’}7(4{]!’1‘1 Time 5.950 Inten. 0.549
] TsN CN
-1 n
500_- || ! fr\ll
. 2u racemic | \ '\
250 Il \ / |
] b: 4 ,
0 P S ’T‘J \# \ilf
0 10 20 30 40 50 min
Peak Ret. time Area % Height Area
1 38.653 49,412 561909 54258269
2 43.032 50.588 529866 55550667
Totol: 100.000 1091775 109808937
Supplementary Figure 209. HPLC data of rac-2u
mAU Max Intensity : 228,870
1 214nm.4nm Time 39.155 _ Inten. 10.366]
200 [ lll
: |
B = CN
150‘: TsN : CN | \
100 |
] 2u |
50 ) 5%
] o L
. S T Jq| T T ’T‘/-‘l\-# z : T X
0 10 20 30 40 50 min
Peak Ret. time Area % Height Area
1 39.691 5.490 15362 1418277
2 43.442 94.510 228499 24413604
Totol 100.000 243861 25831880

Supplementary Figure 210. HPLC data of 2u
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mAU

Max Intensity : 331,467

J1énménm Time 0.094 Inten. 0.000
300 f‘l
] CN H lf\
1 CN
200—- (/D)\/\/ ’ | ’
] S 2v racemic \ ’ \
100—: K HII
] \ N 2
0- o P ‘1\1 N
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
Peak Ret. time Area % Height Area
1 34.918 49,918 330654 21469335
2 38.271 50.082 280114 21540206
Totol: 100.000 610768 43009541
Supplementary Figure 211. HPLC data of rac-2v
mAU Max Intensity : 237,132
4214nm. 4nm| Time 0.189 Jnten. 0.012
200 \
] CN
3 ' CN
150—: (/j@/\/\/ \
100—: S 2v |||
] |
50 }L Hl\
a | &
kI U FAVIRWS
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
Peak Ret. time Area % Height Area
1 35.620 10.200 34455 2050545
2 38.441 89.800 237835 18051911
Totol: 100.000 272290 20102456

Supplementary Figure 212. HPLC data of 2v
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mAU

Max Intensity : 111,253

250-]214nm.4nm Time 10.327 Inten. -1.208]
2oo—f CN
] ©)\/\CN
1504
3 4a racemic
1004 |"
[k f
o] I f\
] | I| )l \
o m‘-«_hli I Ay gl &
0.0 25 50 75 100 125 180 175 200 225 280 275  30.0 min
Peak Ret. time Area % Height Area
1 19.683 49.936 112292 2893054
2 27.849 50.064 79035 2900517
Totol: 100.000 191327 5793570
Supplementary Figure 213. HPLC data of rac-4a
mAU Max Intensity : 468,007
:Zlinm.inm Time &.156 Inten. 0.430
750-]
A o
500__ @/\/\CN
J f
4a IIII]
250 11 \
c: - v % r b
0.0 25 5.0 75 100 125 150 175 200 225 250 275  30.0 mn
Peak Ret. time Area % Height Area
1 19.769 3.218 23998 615140
2 28.074 96.782 467582 18502967
Totol: 100.000 491579 19118107
Supplementary Figure 214. HPLC data of 4a
Max Intensity : 397,368
Time 0.341 Inten. 0.763
CN
500
J Me
4b racemic
1\ .
250-] ( 1 (f\
| j l‘u 1'( !
0__,__)\_,_ R o " A - Kook
0.0 25 50 75 10.0 125 175 20.0 25 min



Peak Ret. time Area % Height Area
1 17.428 49.776 405705 9525417
2 19.982 50.224 348130 9611207
Totol: 100.000 753835 19136624

Supplementary Figure 215. HPLC data of rac-4b

Time 11.725 Inten.

Max Intensity : 914,933
-0.697

0.0 25 50 75 10.0 125 15.0 175 200 25 min
Peak Ret. time Area % Height Area
1 17.970 5.286 65706 1575165
2 20.592 94.714 915454 28221854
Totol: 100.000 981160 29797019

Supplementary Figure 216. HPLC data of 4b

Max Intensity : 470,735
-2.839

Time 16.037 Inten.

750—:
Me CN
500-: S f
||
E 4c racemic ‘
250 |] ﬂ]
3 | |I |‘| |
0_:_ ¢J L ¢." %
0.0 50 10.0 15.0 20.0 250 30.0 380 40.0 min
Peak Ret. time Area % Height Area
1 16.919 49.429 473320 11367944
2 31.567 50.571 248812 11630440
Totol: 100.000 722132 22998384

Supplementary Figure 217. HPLC data of rac-4¢
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mAU

Max Intensity : 267,198

50017 12nm.Znm] Time 23842 Inten. 5.167
4oo_f Me QN
] CN
300
] 4c ﬂ]
200 / ll
] | ]
100] |l ||II
3 I \
04— A s A 'T\)I A
00 50 10.0 18.0 20.0 250 30.0 35.0 40.0 min
Peak Ret. time Area % Height Area
1 16.984 3.445 19793 468556
2 31.797 96.555 272589 13133932
Totol: 100.000 292382 13602487
Supplementary Figure 218. HPLC data of 4¢
mAU Max Intensity : 377,343
1214nm énm Time 11.417 Inten. 3.845
1000
] CN
750—: /@)\/\CN
] Bu
500—- 4d racemic
! {a 1
250—: \ | ‘1
] B 4
0_. L 7 N T A2 g Z A
0.0 25 50 75 10.0 125 150 min
Peak Ret. time Area % Height Area
1 11.017 49.818 376890 6143830
2 13.377 50.182 303617 6188718
Totol: 100.000 680507 12332548
Supplementary Figure 219. HPLC data of rac-4d
mAU Max Intensity : 1,190,170
:214nm 4nm Time 4.566 Inten. 1.943
2000-; o
1500_3 /@/\AcN
] Bu
4 4d
1000
i
0 ] W " ¥
0.0 25 50 75 10.0 125 120 min
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Peak Ret. time Area % Height Area
1 11.314 5.472 96692 1928361
2 13.752 94.528 1189249 33312362
Totol: 100.000 1285941 35240723

Supplementary Figure 220. HPLC data of 4d

Max Intensity : 806,238
Time 0.194 Inten. -0.094
1500 p—
] /@)\/\CN
1000
] MeO f
] 4e racemic ! it
500 1( \ lu'l \
: | I'l l"-,
s Al
00 25 50 7.5 10.0 125 15.0 175 20.0 225 25.0min
Peak Ret. time Area % Height Area
1 18.794 49,328 800897 24073404
2 20.810 50.672 702330 24728972
Totol: 100.000 1503226 48802376
Supplementary Figure 221. HPLC data of rac-4e
Max Intensity : 182,139
Time 0.077 Inten. 0.000
C}N
] /@/\/\CN
200}
] MeO ['1||
] 4e I
100 |ll ll \
] II |
o——_z'r"’L . ik
0.0 25 50 75 100 125 12.0 175 20.0 225 25 0min
Peak Ret. time Area % Height Area
1 18.223 5.131 13393 332771
2 20.046 94.869 181767 6152745
Totol: 100.000 195160 6485516

Supplementary Figure 222. HPLC data of 4e
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mAU Max Intensity : 558,756
1214nm.4nm| Time 12.797 Inten. -2.573
1000
: CN
750 /@MCN
s00 PhO
3 4f racemic
250
GE T - T 2 T T = T Trrant T S
00 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min
Peak Ret. time Area % Height Area
1 34.985 50.131 553878 23348401
2 36.931 49.869 552318 23226652
Totol: 100.000 1106197 46575053
Supplementary Figure 223. HPLC data of rac-4f
mAU Max Intensity : 1,789,083
:21 4nm‘4nm| Time 4.200 Inten. 0.871
3000—; oN
1 /@AACN
2000
] PhO
] 4f
1000
o] . ¥
00 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min
Peak Ret. time Area % Height Area
1 35.016 4.388 92178 3619634
2 36.894 95.612 1784119 78876356
Totol: 100.000 1876297 82495990
Supplementary Figure 224. HPLC data of 4f
mAU Max Intensity : 269,341
500_214nm,~'—nm| Time 2.092 Inten. -0.171
. CN
Ot
250- O
A Br _ |Inl l'ﬁ'l
49 racemic | II [| \
|
f
o i ’J . : h‘”‘.” —
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 19.181 49.056 268396 8545400
2 21.045 50.944 248521 8874453
Totol 100.000 516917 17419853
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Supplementary Figure 225. HPLC data of rac-4g

mAU Max Intensity : 1,195,056
4214nm.4nm Time ?1.575 Inten. -0.165
1000 on | II
| e |"
1
500~ . O ) ]\
4 4g
: 2
<1 ad Aoy
Y T T ] - i’p 5 2 ] 5
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 19.309 2.219 38118 1108224
2 20.850 97.781 1193211 48834361
Totol: 100.000 1231329 49942586
Supplementary Figure 226. HPLC data of 4g
Max Intensity : 241,864
Time 1.314 Inten. -0.194
e CN
300
] Ph "
2004 4h racemic f !
100 } IHI [f,\
3 | |
0 il 4‘41 % of mjl Nk
0.0 50 10.0 15.0 200 25.0 30.0 35.0 min
Peak Ret. time Area % Height Area
1 23.629 49.996 241600 9824775
2 33.134 50.004 164087 9826156
Totol: 100.000 405687 19650931
Supplementary Figure 227. HPLC data of rac-4h
mAU Max Intensity : 496,271
5004214nm.4nm Time 0.000 Inten. 0.000
400 eN
| o
3003
] Ph
200 4h
1003
0_ ,\J\ . & . w
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min
’ Peak Ret. time Area % Height Area
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1 24.306 97.709 493055 21018489
2 34.523 2.291 8674 492805
Totol: 100.000 501730 21511295
Supplementary Figure 228. HPLC data of 4h
Max Intensity : 540,953
Time 0.030 Inten. 0.000

4i racemic
f\
f .
i f ﬁ,ﬁ
] ) \ 'Il lk\
] Sl - / A
] = £
0.0 25 50 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 12.505 49.143 540240 9831993
2 17.163 50.857 405770 10175057
Totol 100.000 946010 20007050

Supplementary Figure 229. HPLC data of rac-4i

Max Intensity : 640,195

Time 8.845 Inten.

-0.05g]

[ e e Sz 4\./‘ o e
0.0 25 50 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 12.483 4.360 44777 770893
2 16.942 95.640 639849 16909681
Totol: 100.000 684626 17680574

Supplementary Figure 230. HPLC data of 4i
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mAU Max Intensity : 606,179
{214nm 4nm| Time 19.757 Inten. 1.077
1500—: CN
C|\©)\/\CN
1000
1 4j racemic
soo—: |"1 i
1 { \ I|I. I"v,'
o] - __?JLU ) 5 A
00 B 25 5.0 75 10.0 125 12.0 175 20.0 min
Peak Ret. time Area % Height Area
1 13.928 49,282 600345 12090757
2 20.743 50.718 407201 12443113
Totol: 100.000 1007546 24533870
Supplementary Figure 231. HPLC data of rac-4j
mAU Max Intensity : 819,759
150042 12nm énm| Time 6.350 Inten. 0.420
1250
5 CN
1000—5 CI\©/\/\CN
750 ﬁ[
! 4j ('
500 / l\
250—; I ﬂ\
’ = AN S 1
] T 3
00 25 50 75 10.0 125 1.0 175 20.0 min
Peak Ret. time Area % Height Area
1 13.762 5.493 79956 1531043
2 20.523 94.507 819054 26343527
Totol: 100.000 899010 27874570
Supplementary Figure 232. HPLC data of 4j
mAU Max Intensity : 510,555
1000—4214nm.4nm Time 4.986 Inten. -0.453
750 CN
500
h Br
250 4k racemic f 5,
c e T * i
0.0 25 50 75 100 125 15.0 175 200 225 250 275 300 min
Peak Ret. time Area % Height ‘ Area ‘
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1 24.020 50.609 512053 18861078
2 28.941 49.391 401610 18406820
Totol: 100.000 913663 37267898
Supplementary Figure 233. HPLC data of rac-4k
mAU Max Intensity : 538,951
1214nm.4nm Time 9.387 Inten. 0.586|
750 CN
500_5 /@/\/\CN
1 Br
250_: 4k
c: A ek + &
0.0 25 50 75 10.0 125 150 175 200 225 250 275 300 min
Peak Ret. time Area % Height Area
1 24.129 3.190 25159 870019
2 28.871 96.810 538977 26404801
Totol: 100.000 564136 27274820
Supplementary Figure 234. HPLC data of 4k
mAU Max Intensity : 602,164
J1214nm.4nm Time 16.669 Inten. 0.013
] CN
1500 /©)\/\
i CN
1000 I
a 4l racemic
500-] A .
] &I"u Ilf‘ \"-.
o T L Ay e :
05 25 50 75 10.0 125 15.0 175 20.0 295 280 min
Peak Ret. time Area % Height Area
1 18.484 49.673 598553 18095779
2 22.806 50.327 457300 18333829
Totol: 100.000 1055853 36429608

Supplementary Figure 235. HPLC data of rac-41
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Max Intensity : 339,986

42 Time 10.537 Inten. -0.707
! CN
500 g
4 /@/\/\CN
] | N
250~ 4l ( !
i l!l
0_-—_/‘”\_.\__ 4*& ’T“I A ‘
0.0 25 5.0 75 10.0 125 15.0 175 20.0 25 250 min
Peak Ret. time Area % Height Area
1 19.135 4,139 21286 603644
2 23.260 95.861 339858 13982000
Totol: 100.000 361144 14585644
Supplementary Figure 236. HPLC data of 41
mAU Max Intensity : 271,373
J214nm.4nm| on Time 10.674 Inten. 10.177,
500 FSCO\Q)\ACN
: 4m racemic
0] o 4/\” m/\ il
0.0 25 5.0 75 10.0 125 15.0 175 200  min
Peak Ret. time Area % Height Area
1 16.393 50.385 268765 5880478
2 19.292 49.615 221632 5790573
Totol: 100.000 490397 11671050
Supplementary Figure 237. HPLC data of rac-4m
mAU Max Intensity : 674,625
4214nm.4nm Time 9.147 Inten. 4381
] N
1000_: F3CO\©/\ACN
500 am
b= . =g
0.0 25 5.0 7.5 10.0 125 15.0 175 200  min
Peak Ret. time Area % Height Area
1 16.680 3.696 36611 820531
2 19.444 96.304 666264 21378195
Totol: 100.000 702875 22198725

Supplementary Figure 238. HPLC data of 4m
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Max Intensity : 539,273

mAU
J214nm.4nm Time 0.000 Inten. 0.000]
1000 Y
F3C\©)\/\CN
500—
. 4n racemic {n's '\
] H { \
1 h_ " 1'| \y -l \
0 ] T — "’}K——W_—
0.0 5.0 10.0 15.0 20.0 250 min
Peak Ret. time Area % Height Area
1 20.272 50.968 531718 16962366
2 25.226 49.032 414151 16317902
Totol: 100.000 945869 33280268
Supplementary Figure 239. HPLC data of rac-4n
mAU Max Intensity : 340,235
500 J214nm.2nm Time  0.383 Inten. -0.029
1 on
250 !f “1
4 4n |I
] M
1 b
‘ s = == e A —
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 20.727 2.969 14274 408977
2 25.545 97.031 337800 13365589
Totol: 100.000 352074 13774566
Supplementary Figure 240. HPLC data of 4n
mAU Max Intensity : 391,938
750_' 214nm.4nm| Time 9528 Inten. 3.904
1 CN
500 /@2\/\ CN
: MeO,C
x| 40 racemic
250
0_-""l'"'I""I'"'I""I"'m'l"lr?\"l""l
0.0 25 5.0 75 10.0 12.5 15.0 175 min
Peak Ret. time Area % Height Area
1 14.747 50.337 388466 7865032
2 16.547 49.663 358321 7759843
Totol: 100.000 746787 15624875
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Supplementary Figure 241. HPLC data of rac-40

mAU Max Intensity : 1,476,918
{214nm.4nm| Time 2.583) Inten. 1.682
CN
1000—_ /@/\/\CN
] MeO,C
500 40
00 25 5.0 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 14.422 2.396 39990 782603
2 16.071 97.604 1464194 31876062
Totol: 100.000 1504185 32658665
Supplementary Figure 242. HPLC data of 40
mAU Max Intensity : 96,715
200451 4nm 4nm Time 15.580 Inten. 0172
] CN
150
] CN
100 ‘N\
50_ 4p racemic /\
Oj_M—a + s A
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 500  min
Peak Ret. time Area % Height Area
1 24.109 50.718 96590 4910369
2 43.228 49.282 55988 4771330
Totol: 100.000 152578 9681699

Supplementary Figure 243. HPLC data of rac-4p

Max Intensity : 157,252

Time 3.4562 Inten. 0.265
3 f'|
1 : CN |
100+ Ny
i $ ‘
i 4p
50 \
1 B
0__.}!1«...-/""— ’Y*) - et
00 50 100 150 200 250 300 350 400 450 500 min
Peak Ret. time Area % Height Area
1 25.073 97.796 149895 7346504
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2 44.488 2.204 2160 165578
Totol: 100.000 152055 7512081
Supplementary Figure 244. HPLC data of 4p
mAU Max Intensity : 523,075
10004214nm.4nm] Time 1.402 Inten. -2.375
1 CN
- Me cl
: 49 racemic /\
c T £= T T T T T T T — T ‘lr —~ 1 =
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0min
Peak Ret. time Area % Height Area
1 21.250 49.255 534048 22053017
2 24510 50.745 458360 22720504
Totol: 100.000 992408 44773521
Supplementary Figure 245. HPLC data of rac-4q
mAU Max Intensity : 300,403
J214nm.4nm Time 20.348 Inten. 0.644
500+ CN
] 4a
00 25 50 75 10.0 125 15.0 175 200 25 25.0min
Peak Ret. time Area % Height Area
1 21.398 5.406 25431 869087
2 24.085 94.594 299843 15207757
Totol: 100.000 325274 16076844
Supplementary Figure 246. HPLC data of 4q
mAU Max Intensity : 817,981
4214nm.4nm| Time 17.8991 Inten. 0.355
1 CN
4 F3C\©\)\/\CN
500
1 OMe
: 4r racemic
o ——n ~ AR &
00 25 50 7.5 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 12.115 49.878 917715 14965355
2 13.012 50.122 849132 15038337
Totol: 100.000 1766846 30003692
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Supplementary Figure 247. HPLC data of rac-4r

mAU Max Intensity : 1,300,819
1214nm.4nm| Time 17.862 Inten. -9.425
1500 CN
3 FaC ' cN
1000—E \©\/O\Mj
500 ar
R
A
0.0 25 50 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 12.077 97.455 1308217 21516109
2 13.038 2.545 33887 561934
Totol: 100.000 1342104 22078043
Supplementary Figure 248. HPLC data of 4r
Max Intensity : 713,731
Time 45.042 Inten. -2.645
fi
|II
| A\
\
0 il 4\:' b fh/j N w
00 50 10.0 15.0 20.0 250 300 38.0 40.0 min
Peak Ret. time Area % Height Area
1 21.852 50.067 716411 27801563
2 37.433 49.933 421585 27727379
Totol: 100.000 1137996 55528942

Supplementary Figure 249. HPLC data of rac-4s

Max Intensity : 462 674

Time 14.753 Inten. 0.581
1 CN
§
J 4s ]f lI|I
250+ ) \
\
|
8 A N ,ﬁal \ ¥
0.0 50 10.0 120 20.0 250 30.0 380 40.0 min
Peak Ret. time Area % Height Area
1 22.058 3.277 28647 1026689
2 37.341 96.723 461715 30301874
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Totol: 100.000 490361 31328563
Supplementary Figure 250. HPLC data of 4s
mAU Max Intensity : 186,885
1214nm.4nm] Time 8.830 Inten. -0.120
] DU
250 O CN
: 4t racemic A
0_:_/\,1 _.--—"‘—-h_}h o ’T*/\_ s
0.0 50 10.0 12.0 20.0 25.0 30.0 35.0 40.0 min
Peak Ret. time Area % Height Area
1 17.858 50.147 185718 5318123
2 36.123 49.853 74182 5286890
Totol: 100.000 259900 10605013
Supplementary Figure 251. HPLC data of rac-4t
mAU Max Intensity : 815,971
15004 214nm.4nm| Time Inten.
] CN
1000 ‘O S
soo—f 4t j\
0_:_,.._.~—~—__ m/\ o . &
00 50 10.0 15.0 20.0 25.0 30.0 38.0 40.0 min
Peak Ret. time Area % Height Area
1 18.610 3.057 78011 2437679
2 36.986 96.943 816502 77292310
Totol: 100.000 894513 79729990
Supplementary Figure 252. HPLC data of 4t
mAU Max Intensity : 100,693
Ez‘lmnménm] Time 22.517 Inten. 12.922
300
250 CN
200_5 QE/K/\cN
] S
150—: 4u racemic
.
50_: || ll'l III \\
4 § | 5
3 P 2 ] % I N
: 7
00 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
Peak Ret. time Area % Height Area
1 35.244 49,950 101262 5907657
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2 41.727 50.050 79936 5919500
Totol: 100.000 181199 11827157
Supplementary Figure 253. HPLC data of rac-4u

mAU Max Intensity : 76,014
20015 dnm anm] Time 13.707 Inten. 0.592
150 GN

1 ] CN

1 S
100—_ 4u

\
50 [|l \

5 '\

5 JLL_‘ A B {J s

00 50 10.0 15.0 20.0 220 30.0 35.0 40.0 450 min

Peak Ret. time Area % Height Area
1 35.346 2.616 2676 150677
2 41.678 97.384 75912 5609811
Totol: 100.000 78588 5760488
Supplementary Figure 254. HPLC data of 4u

mAU Max Intensity : 180,234

4214nm. &nm]| Time 2.530 Inten. -2.243
300- — N

. TsN
2004 %MCN
100'5 4v racemic /\l fr\

3 LR 44

: ; I At A

0.0 5.0 10.0 15.0 20.0 30.0 35.0 40.0 min

Peak Ret. time Area % Height Area
1 30.858 50.997 178733 12868867
2 34.569 49.003 147287 12365858
Totol: 100.000 326020 25234724

Supplementary Figure 255. HPLC data of rac-4v
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mAU

Max Intensity : 469,732

1214nm.&nm| Time 0.00(‘ Inten. 0.000
4004 fll
] = ON | |[
300 TSN%/wCN B
3 |
2004 v || II
3 1
100 'l\
0] i ” 4\/\@’ A
00 50 100 150 200 250 300 350 400  min
Peak Ret. time Area % Height Area
1 31.388 4,920 28587 1971149
2 34516 95.080 467567 38090871
Totol: 100.000 496154 40062019
Supplementary Figure 256. HPLC data of 4v
mAU Max Intensity : 122,162
J1214nm.4nm] Time 5.462 Inten. 2.930]
200 CN
] X CN
100 s
<] 4w racemic /\ /\
o] N s s = & & &
0.0 50 " 100 15.0 20.0 " 250 300 38.0 min
Peak Ret. time Area % Height Area
1 24.615 50.297 123269 6537809
2 30.879 49.703 88748 6460641
Totol: 100.000 212017 12998450
Supplementary Figure 257. HPLC data of rac-4w
mAU Max Intensity : 83,799
1214nm.4nm| Time 8.740 Inten. -5.695
100 CN
] NWCN
50_: NS
4 4w
0: —).L‘ﬁ e T e 4\'/\_4/ i &
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min
Peak Ret. time Area % Height Area
1 24.838 3.715 5158 239019
2 30.815 96.285 84569 6194066
Totol: 100.000 89728 6433085

Supplementary Figure 258. HPLC data of 4w
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Max Intensity : 98,234
Time 0.025 Inten. 0.000
©\/CQ/\
100- CN g
. 4x, racemic ‘\ fA
: / 1 lJ Il|I
] LA
0 I oo 7 __".g_ Aol
00 25 5.0 7.5 10.0 125 min
Peak Ret. time Area % Height Area
1 10.590 50.235 96031 1718263
2 11.259 49,765 92077 1702164
Totol: 100.000 188108 3420428
Supplementary Figure 259. HPLC data of rac-4x
mAU Max Intensity : 82,570
150-1214nm.4nm Time Inten.
i CN
100 :
1 CN
] 4x
50 /\5 i
1 % [ 1 ]
1 o, = I
0 ,’/ e - sl ¢l+\\~ﬂf
00 25 5.0 7.5 10.0 125 min
Peak Ret. time Area % Height Area
1 10.679 61.654 80437 1431250
2 11.350 38.346 48957 890167
Totol: 100.000 129394 2321417

Supplementary Figure 260. HPLC data of 4x

Max Intensity : 1,727,503
Time 2232 Inten. 0.032
3000
- CONHBuU
CONHBuU
2000 .
5 racemic nI
|
1000 (\ ;
i \
: ‘ lll “'\
“ s i -
T T T T 4" T T T T ’I‘ T T T T T T T T T
0.0 25 5.0 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 8.110 49.364 1730362 43389738
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2 12.472 50.636 1080572 44508003
Totol: 100.000 2810934 87897742
Supplementary Figure 261. HPLC data of rac-5
mAU Max Intensity : 2,011,624
214nm.£nm Time Inten.
3000
] CONHBu
2000-] /©/-\/\/CONHtBu A
] Ph I"\
4 5 3
1000 \
- "\
i %
\
- AN | N W
T e e s AN e R ]| |
0.0 25 5.0 75 10.0 125 15.0 175 min
Peak Ret. time Area % Height Area
1 8.334 5.139 226876 5191848
2 12.164 94.861 2009410 95833648
Totol: 100.000 2236286 101025496
Supplementary Figure 262. HPLC data of 5
Max Intensity : 1,454 767
Time 1.839 Inten. 0.322
CONHBu
CONH'Bu
| Ph |
H 6 racemic
‘II 4
\ .:'f' |
c: . '.\ @ ,'.-'
00 25 50 75 100 125 150 175 200 225  min
Peak Ret. time Area % Height Area
1 7.276 49.208 1454214 31065110
2 16.101 50.792 861532 32065715
Totol: 100.000 2315746 63130826
Supplementary Figure 263. HPLC data of rac-6
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mAU Max Intensity : 1,279,141
1250-3214nm.4nm f,Time 23630 Inten. -0.232
] /
1000 GONHL flll
750_3 /©/\/\CONH'BU !
. Ph /
500 6 |
- .f
] fy l‘l
c: )T\Il Ak ’pl' l\_\lf
0.0' _ '215' - 'SYO' - '715' o '1(;.0' o '12l.5' o 1‘.%0 ' 17]5 - 260 o 22'5 ' 'r‘nin
Peak Ret. time Area % Height Area
1 7.406 2.778 110652 1980064
2 16.650 97.222 1276891 69301930
Totol: 100.000 1387543 71281994
Supplementary Figure 264. HPLC data of 6
mAU Max Intensity : 1,156,737
P14nm £nm] Time 13.384 Inten. 1.226
1250 NHBoc
] f
1000‘: NHBoc W fi
750 Ph H
] 7 racemic \ ‘ &
5003 |
250 | l\ |( \!
0_: 4\)’1 L JT\J '.'\\l'
0.0 25 5.0 75 10.0 12.5 min
Peak Ret. time Area % Height Area
1 9.646 49.131 1151032 22990013
2 11.576 50.869 975037 23803264
Totol: 100.000 2126070 46793277

Supplementary Figure 265. HPLC data of rac-7
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Max Intensity : 1,754,142
Time 0.027 Inten. 0.000
2000 _NHBoc
1500_3 /@/\/\/\NHBOC “
] Ph
10004 ! H
] 1
500 lI
] |'|
04 4\)‘ Ll
0.0 25 VI W R " 100 125 " min
Peak Ret. time Area % Height Area
1 9.629 94.779 1751637 37675479
2 11.635 5.221 100773 2075260
Totol: 100.000 1852410 39750738
Supplementary Figure 266. HPLC data of 7

Max Intensity : 944 276
Time 0.160 Inten. -0.029
F'l
750 NHBoc | |
1 n
Lj[” L
500 Ph _ [ | \
E 8 racemic | |I
l Ill
250 ', |
] r \
! || “. [
0 i i 4\)' 5 3
0.0 5.0 10.0 150 200 25.0 min
Peak Ret. time Area % Height Area
1 17.592 49.058 943880 49556085
2 21.489 50.942 703573 51459994
Totol: 100.000 1647453 101016079
Supplementary Figure 267. HPLC data of rac-8
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mAU

Max Intensity : 624,102
J214nm.4nm| Timg 0.053 Inten. 0.000
600 f ',l
5004 '|
] _NHBoc lI
400 : | |
] NHBoc ’ |
1 | ) x
] 8
2004 |
100 ||
1 |
3 ]
. “ T R
o B, com— : :
0.0 5.0 10.0 15.0 20.0 25.0 min
Peak Ret. time Area % Height Area
1 17.833 2.526 24174 1200380
2 21.480 97.474 625083 46315576
Totol: 100.000 649257 47515956
Supplementary Figure 268. HPLC data of 8
Supplementary Tables
Supplementary Table 1 Optimization of Reaction Conditions
Ph
N i eN
~ [Cu], L1, Solvent : OWX(O
7 O° R+ TMSCN Ir(ppy)s, blue LEDs /©/\/\/CN Q/l,\l T
R = p-CF3CgH4 Ph
1a 2a
Entry Cu Ir(PPY)s TMSCN Solvent Yield %° ee %° L1
1 10 mol % 1 mol % 1.5eq DMF/DCM 38 87
2 5 mol % 1 mol % 1.5eq DMF/DCM 48 87
3 5 mol % 0.5 mol % 1.5 eq. DMF/DCM 50 89
4 5 mol % 1 mol % 3eq. DMF/DCM 55 88
5 5 mol % 1 mol % 1.5 eq. DCM 49 88
6 5 mol % 0.5 mol % 3eq. DCM 53 90
7 3 mol % 0.5 mol % 3eq. DCM 62 90
8 2 mol % 0.5 mol % 3eq. DCM 72 90
9 1 mol % 0.5 mol % 3eq. DCM ¢

Conditions: x mol % Cu(CH3CN)4PFg, 1.2x mol % L1, y mol% Ir(ppy)s, 1.5 or 3.0 eq. TMSCN, 1.0 mL solvent
was used for 0.1 mmol scale reaction, 24 W blue LEDs, RT, 24 h, 4/6 DMF/DCM.
gisolated yield. °detected by HPLC. “low conversion.
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Supplementary Table 2 Optimization of Reaction Conditions

Ph
N i Cu], L1, DCM gN
N u, L1, :
20" R+ TMSCN m /@/WCN
R = p-CF3CgHa Ph 22
1a
Entry Cu TMSCN DCM LED Yield %2 ee %°

1 2 mol % 3eq. 1mL 24 W 69 90

2 2 mol % 2 eq. 1mL 24 W 68 90

3 2 mol % 2 eq. 0.5 mL 24 W 50 90

4 2 mol % 2 eq. 2mL 24 W -c -

5 1.8 mol % 3eq. 1mL 24 W 53 90

6 1.5 mol % 3eq. 1mL 24 W 62 89

7 2 mol % 3eq. 1mL 5W 71 90.6

Conditions: x mol % Cu(CH3CN)4PFg, 1.5x mol % L1, 0.5 mol% Ir(ppy)s, y eq. TMSCN was used for 0.1
mmol scale reaction, 24 or 5 W blue LEDs. RT. 36 h.
gisolated yield. °detected by HPLC. ®low conversion.

Supplementary Table 3 Screening of Copper Catalyst

Ph
v I 11,00 N
/0" R+ TMsCN ——cubbLDCOM ' CN
Ir(ppy)s, blue LEDs /©/\/\/
R = p-CF3CeHs Ph 5
a
1a
Entry Cu Yield %2 ee %°
1 CuBr 48 90
2 CucN 42 90.6
3 CuOAc 51 91
4 Cu(CHsCN),BF, 64 91
5 CuCl 43 91
6 CusCN 49 90.6
7 Cu(CH3CN),PFg 71 91

Conditions: 2 mol % [Cu], 3 mol % L1, 0.5 mol% Ir(ppy)s, 3 eq. TMSCN, 1 mL DCM was used for 0.1 mmol
scale reaction, 5 W blue LEDs, RT, 36 h.
gisolated yield.°detected by HPLC.
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Supplementary Table 4 Screening of Temperature

Ph
0 CN
N L Cu,0, L1, CH;CN ; OWXVO
07 R + TMSCN —«——— CN v |
Z T°C,24h /©/\/\ <_»N N
R = p-CF3CgH Ph \
= p-CF3CgH,4 4h
3h
L1
Entry [Cu] T/°C Yield %? ee %
1 Cu,0 -10°C 47 94
2 Cu,0 0°C 68 94
3 Cu,0 10°C 91 94
4 Cu,0 25°C 98 92.5

Conditions: 1 mol% Cu,0, 4 mol % L1, 1.1 eq. TMSCN, 1.0 mL CH3CN was used for 0.1 mmol
scale reaction, T °C, 24h.
gisolated yield.’detected by HPLC.

Supplementary Table 5 Screening of Copper Catalyst

Ph

0 CN
N JL [Cu], L1, CH5CN : OTXVO
> B A CN e
/0" >R + TMSCN T /@/\/\ &}\l ;
Ph

R = p-CF3CgHy4 4h
3h
Entry [Cu] Yield %2 ee %° H

1 CuCl 88 94
2 CuBr 78 94
3 Cul 91 94
4 CuSCN 97 94
5 CuCN 88 94
6 Cu(acac), 81 94
7 Cu(CH3CN)4PFg trace -
8 CuF, 76 94
9 Cu(OAc), 74 94

Conditions: 2 mol % [Cu], 4 mol % L1, 1.1 eq. TMSCN, 1.0 mL CH3CN was used for 0.1 mmol
scale reaction, 10 °C, 24h .
gisolated yield.’detected by HPLC.
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Supplementary Table 6 Screening of Solvent

Ph

o] CN o o
NP CuSCN, L1, Solvent - T
. + TMSCN CN 3
7 0” 'R 10°C, 24 h /@/\/\ &N N
Ph

R= P;(;Fscem 4h
L1

Entry [Cu] solvent Yield %2 ee %°

1 CuSCN DCM 72 94

2 CuSCN Et,O 56 93

3 CuSCN DMF 7 93

4 CuSCN toluene 78 94

5 CuSCN MeOH 75 89

6 CuSCN Acetone 70 95

7¢ CuSCN(3 mol %) Acetone 93 95

Conditions: 2 mol % CuSCN, 4 mol % L1, 1.1 eq. TMSCN, 1.0 mL Solvent was used for 0.1 mmol
scale reaction, 10 °C, 24h.

gisolated yield.’detected by HPLC. 3 mol % Cu, 3.6 mol % L1, 1.5 eq. TMSCN, 1.0 mL degassed
Acetone.

Supplementary Figure 269. X-ray crystallography of 4g

Supplementary Table 7 Crystal data and structure refinement for 4g.

Identification code 4g
Empirical formula C17H13BrN;
Formula weight 325.20
Temperature/K 293(2)
Crystal system monoclinic
Space group P2,

a/A 7.98210(10)
b/A 5.77100(10)
c/A 16.0567(3)
a/° 90
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B/ 93.240(2)

v/° 90

Volume/A3 738.46(2)

V4 2

Pealcg/cm® 1.463

wmm-! 3.706

F(000) 328.0

Crystal size/mm?3 0.3x0.22x0.2

Radiation

CuKa (A= 1.54184)

20 range for data collection/°

11.038 to 147.586

Index ranges

-9<h<8§,-6<k<6,-19<1<19

Reflections collected 6082

Independent reflections 2726 [Rint = 0.0195, Rsigma = 0.0166]
Data/restraints/parameters 2726/1/181

Goodness-of-fit on F? 1.367

Final R indexes [[>=20 (I)]

R =0.0402, wR» = 0.1493

Final R indexes [all data]

R =0.0405, wR2 = 0.1504

Largest diff. peak/hole / e A7

0.31/-0.61

Flack parameter

0.024(15)

Supplementary Table 8 Fractional Atomic Coordinates (x10%) and Equivalent
Isotropic Displacement Parameters (A?x10%) for 4g. Ueq is defined as 1/3 of of the trace

of the orthogonalised Uy tensor.

Atom X y 4 U(eq)
Brl 240.9(6) 3265.2(16) 2337.5(3) 81.7(3)
C12 2534(4) 3632(8) 5089(3) 49.009)
Cs5 5078(6) 6564(9) 8880(3) 58.4(10)
N2 5053(6) 8376(11) 9137(3) 80.9(12)
C9 3206(4) 3779(7) 5975(3) 50.0(9)
C4 5164(4) 4181(7) 8549(3) 49.4(8)
C3 7014(5) 3332(11) 8559(3) 56.3(8)
CI15 1195(5) 3403(11) 3455(3) 61.0(10)
Cé6 4420(5) 4085(7) 7650(2) 48.8(9)
C2 7864(5) 3338(15) 9429(3) 67.0(11)
N1 11113(5) 3097(17) 9336(4) 93.6(16)
Cl4 2200(8) 5243(11) 3707(3) 74.4(13)
Cl 9689(6) 3173(14) 9380(3) 71.3(11)
C17 1537(6) 1768(9) 4803(3) 64.0(11)
C13 2845(7) 5337(9) 4515(3) 66.8(12)
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Cl1 3454(7) 2255(10) 7381(4) 71.2(14)
Cl16 882(6) 1642(10) 3992(4) 67.1(12)
C10 2877(8) 2065(11) 6556(4) 77.5(16)
C8 4164(8) 5629(10) 6251(3) 71.7(14)
C7 4774(8) 5793(10) 7085(4) 73.3(14)

Supplementary Table 9 Anisotropic Displacement Parameters (A?x10°) for 4g. The
Anisotropic displacement factor exponent takes the form: -2n°[h?a*>U1+2hka*b*U12+...].

Atom Un Uz, Uss Uzs Uiz Un
Brl 81.4(4) 98.9(5) 64.5(4) -9.1(3) 2.6(2) 20.4(3)
c12 40.4(15) 45(2) 63(2) 0.6(16) 12.6(14) 2.5(13)
cs 55(2) 57(3) 64(2) 3.8(19) 9.0(17) 0.7(17)
N2 99(3) 61(3) 85(3) -5(3) 16(2) 10(2)
c9 37.7(14) 43(2) 70(2) 4.8(15) 9.5(14) -0.8(12)
c4 42.0(16) 46(2) 61(2) 7.6(15) 9.8(14) -0.9(13)
c3 47.3(16) 56(2) 66(2) -1(2) 8.4(14) 3.0(19)
C15 54.5(18) 68(3) 61(2) -5(2) 9.5(15) 8(2)
6 40.2(13) 45(2) 62(2) 7.2(15) 10.1(13) -3.3(13)
2 56(2) 78(3) 67(2) -1(3) -0.6(17) 1(2)
N1 54(2) 124(5) 101(3) 4(4) -6(2) 4(3)
C14 101(4) 63(3) 60(3) 9(2) 11(2) -7(3)
c1 60(2) 82(3) 70(2) 3(3) -7.7(18) 3(3)
c17 67(3) 52(3) 73(3) 3.6(19) 4(2) -16.2(19)
c13 80(3) 50(3) 71(3) 5(2) 6(2) -10.9(19)
c11 77(3) 59(3) 76(3) 21(2) -13(2) -23(2)
cl6 63(2) 65(3) 74(3) -1(2) 8(2) -10(2)
c10 87(3) 56(3) 88(4) 24(3) -12(3) -29(3)
cs 86(3) 66(3) 63(3) 14(2) 6(2) 31(3)
c7 90(3) 62(3) 67(3) 7(2) 5(2) -36(3)

Supplementary Table 10 Bond Lengths for 4g
Atom Atom Length/A Atom Atom Length/A

Brl C15 1.911(4) Cl15 Cl4 1.377(8)

Cl12 C9 1.494(6) Cl15 Cl6 1.364(8)

C12 C17 1.400(6) Cé6 Cl1 1.364(6)

C12 C13 1.381(7) Cé6 C7 1.380(6)

C5 N2 1.124(9) C2 Cl 1.466(6)

Cs C4 1.478(7) N1 Cl 1.143(7)

C9 C10 1.395(6) Cl4 C13 1.370(8)
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C9 Cs8 1.372(7) C17 Cl16 1.378(8)
C4 C3 1.555(5) Cll C10 1.381(8)
C4 Cé6 1.530(6) C8 C7 1.401(8)
C3 C2 1.519(6)

Supplementary Table 11 Bond Angles for 4g

Atom | Atom | Atom Angle/® Atom | Atom | Atom Angle/’
C17 | Cl12 C9 121.5(4) Cl1 Co C4 120.6(4)
C13 | CI2 C9 121.8(4) Cl1 Co6 Cc7 118.5(4)
C13 | C12 | C17 116.7(4) Cc7 Co C4 120.8(4)
N2 C5 Cc4 178.4(5) Cl C2 C3 110.1(4)
C10 C9 C12 121.7(4) C13 | Cl14 | CI5 119.3(5)
C8 C9 C12 121.0(4) N1 Cl C2 178.4(9)
C8 C9 C10 117.3(5) Clé6 | C17 | Cl12 121.9(5)
Cs c4 C3 110.7(4) Cl4 | C13 | Cl12 122.2(5)
C5 C4 Co 110.5(4) Co Clil1 | C10 121.2(4)
Co C4 C3 108.5(3) Cl15 | Cl6 | C17 119.0(5)
C2 C3 c4 112.6(4) C11 | C10 C9 121.3(5)
Cl4 | C15 | Brl 120.1(4) C9 C8 Cc7 121.2(4)
Cl6 | Cl15 | Brl 119.0(4) Co Cc7 C8 120.5(4)
Cl6 | C15 | Cl4 120.9(4)

Supplementary Table 12 Hydrogen Atom Coordinates (Ax10%) and Isotropic
Displacement Parameters (A%x10°) for 4g.

Atom x y z U(eq)
H4 4524.68 3144.47 8895.43 59
H3A 7038.37 1772.68 8334.28 68
H3B 7638.71 4325.65 8200.46 68
H2A 7584.47 4752.89 9716.14 80
H2B 7463.42 2037.29 9745.02 80
H14 2438.98 6408.79 3331.45 89
H17 1309.55 580.01 5171.73 77
H13 3514.81 6590.71 4682.02 80
Hl11 3179.1 1115.15 7758.92 85
H16 236.47 376.94 3812.85 80
H10 2257.31 768.22 6385.18 93
HS8 4412.29 6796.1 5878.29 86
H7 5422.63 7061.83 7257.88 88
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Supplementary Methods

General Information 'H NMR spectra were recorded at ambient temperature on
Bruker-400 (400 MHz) spectrometers and are referenced relative to the residual protons
in CDCls at § 7.26 ppm or (CD3)2SO-ds at § 2.50 ppm. Data for 'H NMR are reported
as follows: chemical shift ( ppm), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, ap = apparent), integration, and coupling constant (Hz). '*C
NMR spectra were recorded at ambient temperature on Bruker-400 (100 MHz)
spectrometers and are referenced relative to CDCI3 at 8 77.16 ppm or (CD3)2SO-ds at 6
39.25 ppm. The '*C NMR spectra were obtained with 1H decoupling. Data for '3C
NMR are reported in terms of chemical shift and multiplicity where appropriate. High
resolution mass spectra were recorded on P-SIMS-Gly of Bruker Daltonics Inc. using
ESI-TOF (electrospray ionization-time of flight). High performance liquid
chromatography was performed on shimadzu Series HPLC, using AD-H, OD-H, ID
chiral column eluted with a mixture of hexane and isopropyl alcohol. TMSCN was
purchased from energy-chemical, Cu(CH3CN)4PF¢ and CuSCN was purchased from
TCIL. Ir(ppy)s was purchased from Laajoo Reagent. DMAc was purchased from J&K
Chemical Reagent. And acetone was purchased from Sinopharm Chemical Reagent Co.

Ltd.
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Genaral procedure (A) for synthesis of the substrates 1'%,

O O
. Br Pd(OAc),, P(o-tol);, pyrrolidine, NaOAc @
1,1,3,3-tetramethylbutylamine, 1,4-dioxane .

o)
N
NH,OH-HCI, NaOAc | p-CF3BzCl, Et;N Y @
MeOH . DCM R .

R = p-CF3Ph
1

The 2-arylcyclopentan-1-ones were synthesized according to the reported procedure?.
An 100 mL Schlenk flask was charged with Pd(OAc)> (67.6 mg, 0.3 mmol, 0.05 equiv),
P(o-tol); (182.8 mg, 0.6 mmol, 0.1 equiv), NaOAc (492.4 mg, 6.0 mmol, 1.0 equiv) and
aryl bromides (7.8 mmol, 1.3 equiv), and then the flask was evacuated and backfilled
with N> (repeated for 3 times). 1,4-dioxane (30.0 mL) was added in, followed by
cyclopentanone (531 uL, 6.0 mmol, 1.0 equiv), pyrrolidine (148 pL, 1.8 mmol, 0.3
equiv) and 1,1,3,3-tetramethylbutylamine (289 uL, 1.8 mmol, 0.3 equiv). The flask was
then heated in an oil bath at 110 °C under stirring for 16 hours, before cooled to room
temperature. The mixture was filtered through a small plug of silica gel, eluted with
ethyl acetate. The solvent was removed in vacuo and flash column chromatography of
the residue gave the arylation product.

The ketones (1.0 equiv, ~5 mmol), hydroxylamine hydrochloride (1.2 equiv) and
sodium acetate (1.5 equiv) were added to a round bottom flask containing a stirrer bar.
MeOH (0.56 M) was added and the reaction was stirred for 12 h at 75 °C. Then methanol
was removed under vacuum and the resulting mixture was extracted with DCM. The
organic layer was washed with water and dried over Na;SOs. The solvent was removed
under reduced pressure and the crude material was subjected to column
chromatography to afford oximes.

To a mixture of oxime (1.0 equiv, ~4 mmol), triethylamine (1.5 equiv) and DCM (0.5
M) in a flask was added 4-(trifluoromethyl)benzoyl chlorides (1.1 equiv) slowly at 0 °C.

After 1 h, a saturated solution of aqueous NaHCO3 (10 mL) was added to the above
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solution, and the mixture was diluted with DCM. The organic layer was washed with

brine (20 mL) and dried over Na>xSO4. The solvent was removed under vacuum and the

residue was subjected to column chromatography on silica gel with EtOAc—petroleum

ether as an eluent to give the substrate.

Characterization data for cyclopentanone oxime esters 1

0]

RJ\O-N\

R = p-CF3Ph
1a

Ph

Prepared according to general procedure from

(A)
cyclopentanone and 4-bromo-1,1'-biphenyl to provide the title
compound 1a as a yellowish solid'. "H NMR (CDCl3, 400 MHz)
5 8.19(d, J=8.2 Hz,2H), 7.74 (d, /= 8.4 Hz, 2H), 7.64 - 7.54

(m, 4H), 7.48 — 7.38 (m, 4H), 7.34 (t, J= 7.4 Hz, 1H), 4.11 (t, J

=7.6 Hz, 1H), 3.01 — 2.94 (m, 1H), 2.88 — 2.81 (m, 1H), 2.41 — 2.34 (m, 1H), 2.14 —

2.03 (m, 2H), 1.92 — 1.87 (m, 1H); '*C NMR(CDCL;, 101 MHz) § 178.2, 162.6, 140.8,

139.8,139.1, 134.6 (q, J = 32.8 Hz), 132.5, 129.9, 128.7, 128.3, 127.4, 127.2, 127.0,

125.5 (q, J = 3.6 Hz), 123.5 (q, J = 272.8 Hz), 49.0, 34.7, 30.0, 22.5.

R”™ "O-N
\

R = p-CF4Ph
1b

Prepared

according to general procedure from

(A)
cyclopentanone and bromobenzene to provide the title compound
1b as a yellowish solid!. "TH NMR (400 MHz, CDCl3) 8.17 (d, J
=8.2 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.34 (d, /= 6.6 Hz, 4H),

7.26-7.21 (m, 1H), 4.07 (t, J="7.2 Hz, 1H), 3.01 —2.74 (m, 2H),

2.38 — 2.29 (m, 1H), 2.13 — 1.94 (m, 2H), 1.93 — 1.79 (m, 1H); '*C NMR (101 MHz,

CDCl3) 6 178.2,162.6, 140.1, 134.6 (q, J=32.7 Hz), 132.5, 129.9, 128.6, 127.8, 126.9,

125.5 (q, J = 3.5 Hz), 123.5 (q, J = 272.8 Hz), 49.2, 34.7, 30.0, 22.5.

R = p-CF3Ph
1c

Me

Prepared according to general procedure (A) from

cyclopentanone and 1-bromo-2-methylbenzene to provide the
title compound 1c as a yellowish solid!. '"H NMR (400 MHz,
CDCl3) 6 8.18 (d,J=8.1 Hz, 2H), 7.73 (d, /= 8.3 Hz, 2H), 7.21
—7.08 (m, 4H), 4.22 (t, J= 7.3 Hz, 1H), 3.02 — 2.83 (m, 2H),

2.40 (s, 3H), 2.36 — 2.26 (m, 1H), 2.07 — 2.01 (m, 1H), 1.94 — 1.83 (m, 2H); '*C NMR

(101 MHz, CDCl) 6 178.7, 162.6, 139.4, 135.9, 134.6 (q, J = 32.8 Hz), 132.5, 130.6,
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129.9, 127.1, 126.8, 126.2, 125.5 (q, J = 3.6 Hz), 123.5 (q, J = 270.4 Hz), 46.5, 34.0,
30.5,22.5, 19.9.

,| Prepared according to general procedure (A) from

Rj\o~N cyclopentanone and 1-bromo-4-(fert-butyl)benzene to provide
) the title compound 1d as a white solid'. "H NMR (CDCls, 400

R= p-1CdF3Ph MHz) 6 8.18 (d, J= 8.1 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.37

(d, J=8.4 Hz, 2H), 7.27 (d, J= 8.0 Hz, 2H), 4.04 (t, J=7.3 Hz,
1H), 2.97 — 2.91 (m, 1H), 2.85 —2.78 (m, 1H), 2.40 — 2.22 (m, 1H), 2.15 — 1.97 (m,
2H), 1.93 — 1.78 (m, 1H), 1.31 (s, 9H); '*C NMR (CDCls, 101 MHz) & 178.4, 162.6,
149.6, 136.9, 134.5 (q, J= 32.7 Hz), 132.5, 129.9, 127.4, 125.5 (q, J = 3.3 Hz), 123.5
(q,J=272.7 Hz), 48.8, 34.5,34.3.31.3,29.9, 22.5.

s Prepared according to general procedure (A) from

j\ cyclopentanone and (4-bromophenyl)trimethylsilane to provide

R™ "O-N
N\

the title compound 1e as a yellowish oil>. '"H NMR (400 MHz,
R = p-CF4Ph CDCl3)068.17 (d,J=8.1 Hz, 2H), 7.73 (d, /= 8.3 Hz, 2H), 7.50

1e

(d, J=8.1 Hz, 2H), 7.31 (d, J= 7.9 Hz, 2H), 4.05 (t, /= 7.2 Hz,
1H), 2.98 — 2.92 (m, 1H), 2.85 — 2.78 (m, 1H), 2.37 — 2.30 (m, 1H), 2.10 — 2.00 (m,
2H), 1.93 — 1.80 (m, 1H), 0.25 (s, 9H); 3C NMR (101 MHz, CDClz) 5 178.3, 162.6,
140.6, 138.8, 134.6 (q, J = 32.7 Hz), 133.7, 132.5, 129.9, 127.2, 125.5 (q, J = 3.6 Hz),
123.5 (q, J = 272.9 Hz), 49.3, 34.6, 30.1, 22.6, -1.6.

o Prepared according to general procedure (A) from
R)J\O—N\ oMe cyclopentanone and 1-bromo-3-methoxybenzene to provide
the title compound 1f as a yellowish liquid (37% total yield).

AR 'H NMR (CDCls, 400 MHz) 8 "H NMR (400 MHz, CDCl)

58.17 (d, J= 8.1 Hz, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.26 (t,
J=17.9 Hz, 1H), 6.94 — 6.88 (m, 2H), 6.82 — 6.76 (m, 1H), 4.05 (t, J="7.1 Hz, 1H), 3.81
(s, 3H), 3.00 — 2.87 (m, 1H), 2.87 — 2.73 (m, 1H), 2.39 — 2.26 (m, 1H), 2.13 — 1.95 (m,
2H), 1.94 — 1.80 (m, 1H); '3C NMR (CDCls, 100 MHz) & 178.2, 162.7, 159.8, 141.8,
134.7 (q, J = 32.7 Hz), 130.1, 129.7, 125.6 (q, J = 3.7 Hz), 123.7 (q, J = 272.8 Hz),

120.3, 114.1, 112.1, 55.3, 49.2, 34.7, 30.1, 22.6. HRMS (ESI) calcd. for C20H13s03NF3;
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[M+Na]" m/z 400.1136, found 400.1138.

oPh Prepared according to general procedure (A) from
Rj\o—N cyclopentanone and 1-bromo-4-phenoxybenzene to provide the
) title compound 1g as a yellowish liquid (44% total yield). 'H
R = p-CF3Ph NMR (400 MHz, CDCl3) 6 8.16 (d, /= 8.1 Hz, 2H), 7.71 (d, J
19

= 8.2 Hz, 2H), 7.37 — 7.25 (m, 4H), 7.11 — 7.04 (m, 1H), 7.03
—6.93 (m, 4H), 4.02 (t, /J=7.6 Hz, 1H), 3.02 — 2.87 (m, 1H), 2.86 — 2.70 (m, 1H), 2.39
—2.23 (m, 1H), 2.08 — 1.93 (m, 2H), 1.92 — 1.78 (m, 1H); 3C NMR (101 MHz, CDCl3)
0 178.2,162.6 ,157.2, 156.1, 134.9 , 134.6 (q, J = 32.7 Hz), 132.6 , 130.0 , 129.7,
129.2, 125.6 (q, J = 3.7 Hz), 123.6 (q, J = 272.8 Hz), 123.3, 118.9, 48.7, 34.9, 30.0,
22.5. HRMS (ESI) calcd. for C2sH2003NF3 [M+Na]" m/z 462.1293, found 462.1291.

R Prepared according to general procedure (A) from

PIS SMe

R™ 0N, cyclopentanone and (3-bromophenyl)(methyl)sulfane to

provide the title compound 1h as a yellowish solid (43% total
R = p-CF3Ph

1h yield). 'H NMR (400 MHz, CDCl3) 6 8.17 (d,J= 8.1 Hz, 2H),

7.72 (d, J = 8.3 Hz, 2H), 7.31 — 7.21 (m, 2H), 7.17 — 7.05 (m, 2H), 4.02 (t, J = 7.4 Hz,
1H), 3.04 — 2.88 (m, 1H), 2.87 — 2.73 (m, 1H), 2.48 (s, 3H), 2.39 — 2.25 (m, 1H), 2.10
~1.93 (m, 2H), 1.92 — 1.77 (m, 1H); '*C NMR (101 MHz, CDCls) & 177.9, 162.6 ,
140.9, 138.8, 134.6 (q, J = 32.7 Hz), 132.5, 130.0, 129.1 , 126.3, 125.6 (q, J = 3.7 Hz),
125.1,124.7,123.6 (q, J = 272.8 Hz), 49.2, 34.8 , 30.1 , 22.6, 15.9. HRMS (ESI) calcd.
for C2oH1s02NF3S [M+Na]* m/z 416.0908, found 416.0901.

M e Prepared according to general procedure (A) from cyclopentanone

RiO_N and N-(4-bromophenyl)-N,4-dimethylbenzenesulfonamide to
) provide the title compound 1i as a yellowish solid (11% total yield).
R 'H NMR (400 MHz, CDCL3) & 8.14 (d, J = 8.1 Hz, 2H), 7.70 (d, J

=8.3 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.26 — 7.20 (m, 4H), 7.04 (d, J = 8.5 Hz, 2H),
4.01 (t,J=17.6 Hz, 1H), 3.10 (s, 3H), 3.00 — 2.87 (m, 1H), 2.86 — 2.72 (m, 1H), 2.37 (s,
3H), 2.36 — 2.26 (m, 1H), 2.06 — 1.92 (m, 2H), 1.91 — 1.78 (m, 1H); '*C NMR (101
MHz, CDCls) § 177.9, 162.6, 143.6, 140.2, 139.3, 134.5 (q, J = 32.7 Hz), 133.4, 132.4,

129.9,129.4,128.4, 127.8, 126.7, 125.5 (q, J = 3.6 Hz), 123.5 (q, J = 272.8 Hz), 48.8,
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38.0,34.7,30.0,22.5,21.5. HRMS (ESI) calcd. for C27H2504N2F3S [M+Na]" m/z
553.1385, found 553.1385.

- Prepared according to general procedure (A) from
Rj\O_N cyclopentanone and 1-bromo-4-fluorobenzene to provide the
) title compound 1j as a yellowish solid!. 'H NMR (400 MHz,
R = p-CF4Ph CDCl3) 6 8.17 (d, J= 8.1 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.29
1j

(dd, J = 8.6, 5.3 Hz, 2H), 7.03 (t, J = 8.7 Hz, 2H), 4.03 (t, J =
7.3 Hz, 1H), 2.98 —2.92 (m, 1H), 2.83 —2.76 (m, 1H), 2.37 — 2.31 (m, 1H), 2.05 - 1.97
(m, 2H), 1.91 — 1.83 (m, 1H); 1*C NMR (101 MHz, CDCls3) § 178.0, 162.7 (d, J = 20.7
Hz), 160.8, 135.7 (d, J=3.3 Hz), 134.6 (q, /= 32.8 Hz), 132.4, 129.9, 129.4 (d, /= 8.0
Hz), 125.5 (q,J = 3.7 Hz), 123.5 (q, J = 272.8 Hz), 115.4 (d, J = 21.4 Hz), 48.6, 34.8,

29.9,22.4.
o Prepared according to general procedure (A) from
RJKO—N\ “ cyclopentanone and 1-bromo-3-chlorobenzene to provide the
title compound 1k as a yellowish solid (43% total yield). 'H
" pﬁFSPh NMR (400 MHz, CDCl3) 6 8.18 (d, /= 8.1 Hz, 2H), 7.74 (d, J

=8.3 Hz, 2H), 7.37 — 7.17 (m, 4H), 4.03 (t, J = 7.5 Hz, 1H), 3.04 — 2.90 (m, 1H), 2.89
~2.74 (m, 1H), 2.43 — 2.29 (m, 1H), 2.10 — 1.95 (m, 2H), 1.95 — 1.79 (m, 1H); 13C
NMR (101 MHz, CDCls) § 177.6, 162.7 , 142.3, 134.8 (q, J = 32.8 Hz), 134.5, 132.5,
130.1, 130.0, 128.1, 127.3, 126.4, 125.7 (q, J = 3.7 Hz), 123.7 (q, J = 272.9 Hz), 49.1,
34.9,30.2,22.6. HRMS (ESI) calcd. for C19H;s02NF3Cl [M+Na]" m/z 404.0641, found

404.0638.
o Prepared according to general procedure (A) from
RJ\0—N\ ocFs cyclopentanone and 1-bromo-3-(trifluoromethoxy)benzene
to provide the title compound 11 as a yellowish solid (33%
" ID1-|CF3Ph total yield). '"H NMR (400 MHz, CDCls) § 8.18 (d, J = 8.1

Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.37 (t, J = 7.9 Hz, 1H),
728 (d, J= 7.9 Hz, 1H), 7.17 (s, 1H), 7.15 — 7.08 (m, 1H), 4.07 (t, J = 7.2 Hz, 1H),
3.06 — 2.91 (m, 1H), 2.91 — 2.73 (m, 1H), 2.45 — 2.28 (m, 1H), 2.12 — 1.96 (m, 2H),

1.96 — 1.81 (m, 1H); 3C NMR (101 MHz, CDCls) & 177.4, 162.7, 149.6, 142.6, 134.9
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(q, J = 32.7 Hz), 132.6, 130.12, 130.08, 126.6, 125.7 (q, J = 3.7 Hz), § 123.7 (q, J =
272.8 Hz), 120.7, 120.6 (q, J = 257.2 Hz),119.4, 49.1, 35.0, 30.2, 22.6. HRMS (ESI)
caled. for CaoH1s03NFs [M+Na]" m/z 454.0854, found 454.0856.

o Prepared according to general procedure (A) from

P CF,

R™ "O-N cyclopentanone and 1-bromo-3-(trifluoromethyl)benzene to

IR provide the title compound 1m as a yellowish solid (24% total
=p-Lis
1m

yield). 'H NMR (400 MHz, CDCls) & 8.17 (d, J = 8.6 Hz, 2H),

7.73 (d, J= 8.6 Hz, 2H), 7.63 — 7.41 (m, 4H), 4.10 (t, J = 7.4 Hz, 1H), 3.08 — 2.94 (m,
1H), 2.92 — 2.77 (m, 1H), 2.48 — 2.33 (m, 1H), 2.14 — 1.96 (m, 2H), 1.96 — 1.80 (m,
1H); *C NMR (101 MHz, CDCl3) § 177.6, 162.7, 141.2, 134.9 (q, J = 32.8 Hz), 132.5,
131.7,131.0 (q, J=32.2 Hz), 130.1, 129.3, 125.7 (q, /= 3.7 Hz), 124.8 (q, /= 3.8 Hz),
124.2 (q,J=272.3 Hz), 124.0 (q, /= 3.8 Hz), 123.7 (q, J=272.7 Hz), 49.3, 35.1, 30.2,
22.7. HRMS (ESI) calcd. for C20H1502NFs [M+Na]" m/z 438.0905, found 438.0904.

Vo, Prepared according to general procedure (A) from cyclopentanone

o
RXO-N\

and methyl 3-bromo-4-methylbenzoate to provide the title

v compound 1n as a white solid (42% total yield). 'H NMR (400 MHz,

R = p-CF3Ph

n CDCls) § 8.17 (d, J = 8.1 Hz, 2H), 7.85 — 7.78 (m, 2H), 7.73 (d, J =

8.3 Hz, 2H), 7.30 — 7.21 (m, 1H), 4.22 (t, J = 8.2 Hz, 1H), 3.87 (s, 3H), 3.08 — 2.86 (m,
2H), 2.47 (s, 3H), 2.42 — 2.27 (m, 1H), 2.19 — 2.02 (m, 1H), 2.03 — 1.80 (m, 2H); 13C
NMR (101 MHz, CDCL3) § 178.1, 167.2, 162.7, 142.0, 139.7, 134.8 (q, J = 32.7 Hz),
132.6, 130.9, 130.1, 128.5, 128.3, 128.2, 125.7(q, J = 3.7 Hz), 123.7(q, J = 272.6 Hz),
52.1, 46.5, 34.0, 30.6, 22.8, 20.3. HRMS (ESI) calcd. for C2Ha0O4NF3 [M+Na]* m/z
442.1242, found 442.1240.

NG Prepared according to general procedure (A) from cyclopentanone

RiO_N and 3-bromo-4-methylbenzonitrile to provide the title compound 10
L5 ¥ | 4s a yellowish solid (5% total yield). 'H NMR (400 MHz, CDCL) &
e 8.17 (d,J = 8.1 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H), 7.46 — 7.40 (m,

2H), 7.27 (d, J = 7.4 Hz, 1H), 4.20 (t, J = 7.6 Hz, 1H), 3.09 — 2.83 (m, 2H), 2.46 (s,
3H), 2.42 — 2.29 (m, 1H), 2.14 — 1.98 (m, 1H), 1.98 — 1.80 (m, 2H); 13C NMR (101

MHz, CDCl3) 6 177.4,162.6, 142.2,140.9, 134.8 (q, /= 32.8 Hz), 132.4,131.5, 131.0,
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130.5,130.1, 125.7 (q, J=3.7 Hz), 123.6 (q, J = 272.9 Hz), 119.2 , 110.2, 46.3, 33.9,
30.5,22.7,20.4. HRMS (ESI) calcd. for C21H1702N2F3 [M+Na]" m/z 409.1140, found

409.1129.
CFs| Prepared according to general procedure (A) from
RJOLO_N cyclopentanone and 1-bromo-4-(trifluoromethyl)benzene to
\ provide the title compound 1p as a yellowish solid (36% total
e yield). IH NMR (400 MHz, Chloroform-d) 5 8.17 (d, J = 8.2 Hz,

2H), 7.73 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 7.45 (d,
J=8.1Hz, 2H), 4.09 (t, J = 7.6 Hz, 1H), 3.08 — 2.93 (m, 1H), 2.91 — 2.74 (m, 1H), 2.47
— 2.31 (m, 1H), 2.12 — 1.96 (m, 2H), 1.95 — 1.80 (m, 1H); 3C NMR (101 MHz,
Chloroform-d) & 177.6, 162.7, 144.3, 134.8 (q, J = 32.7 Hz), 132.5, 130.1, 129.3 (g, J
=325 Hz), 128.5, 125.7 (q, J = 3.8 Hz), 124.3 (g, J = 270.3 Hz), 123.6 (q, J = 272.8
Hz), 49.4,35.0, 30.2, 22.7. HRMS (ESI) calcd. for CaoH1502NFs [M+H]* m/z 416.1085,
found 416.1072.

COMe| Prepared according to general procedure (A) from
o)

R)ko—N\ cyclopentanone and methyl 4-bromobenzoate to provide the

title compound 1q as a yellowish solid>. '"H NMR (400 MHz,
R = p-CF4Ph

19 CDCls) § 8.17 (d, J = 8.1 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H),

7.25(d, J=8.7 Hz, 2H), 6.88 (d, J= 8.7 Hz, 2H), 4.01 (t, J= 7.2 Hz, 1H), 3.79 (s, 3H),
3.00 — 2.87 (m, 1H), 2.84 — 2.73 (m, 1H), 2.36 — 2.23 (m, 1H), 2.07 - 1.96 (m, 2H),
1.90 — 1.80 (m, 1H); '3C NMR (101 MHz, CDCl3) & 178.4, 162.6,158.4, 134.6 (q, J =
32.7 Hz), 132.5, 131.9, 129.9, 128.8, 125.5 (q, J = 3.7 Hz), 123.5(q, J = 272.8 Hz),
114.0, 55.2, 48.5, 34.6, 29.9, 22.4. HRMS (ESI) calcd. for C21H1s0sNF3 [M+H]" m/z
406.1266, found 406.1254.

Prepared according to general procedure (A) from

0 ()
cyclopentanone and 2-bromonaphthalene to provide the title
o (| eyelop p p
. compound 1r as a yellowish solid!. 'H NMR (400 MHz,
R =p-CF3Ph CDCl3) 6 8.18 (d, J = 8.1 Hz, 2H), 7.88 — 7.79 (m, 3H), 7.77
1r

—7.72 (m, 3H), 7.50 — 7.42 (m, 3H), 4.24 (t, J= 7.7 Hz, 1H),
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3.02 - 2.96 (m, 1H), 2.91 - 2.84 (m, 1H), 2.44 — 2.37 (m, 1H), 2.22 — 2.15 (m, 1H),
2.11 - 2.03 (m, 1H), 1.97 —1.86 (m, 1H); 3C NMR (101 MHz, CDCls) 8 178.1, 162.6,
137.4, 134.6 (q, J = 32.9 Hz), 133.4, 132.5, 132.4, 130.0, 128.4, 127.8, 127.6, 126.4,
126.1,126.2, 125.7, 125.5(q, J= 3.7 Hz), 123.5 (q, J=272.8 Hz), 49.4, 34.6, 30.1, 22.6.

Prepared according to general procedure (A) from

\

0
RJ\O—N QQ cyclopentanone and 1-bromonaphthalene to provide the title

. compound 1s as a yellowish solid (20% total yield). '"H NMR
R = p-CF3Ph
1s (400 MHz, CDCls) 6 8.22 (d, J= 8.1 Hz, 2H), 8.06 (d, J=8.3

Hz, 1H), 7.88 (d, J= 7.8 Hz, 1H), 7.81 — 7.71 (m, 3H), 7.60 — 7.48 (m, 2H), 7.44 (t, J
= 7.7 Hz, 1H), 7.34 (d, J= 7.1 Hz, 1H), 4.86 (t, J= 7.0 Hz, 1H), 3.03 (t, /= 7.5 Hz,
2H), 2.54 — 2.35 (m, 1H), 2.14 — 2.03 (m, 1H), 2.03 — 1.87 (m, 2H); *C NMR (101
MHz, CDCl3) & 178.7 , 162.6 , 137.4 , 134.6 (q, J = 32.7 Hz), 134.1 , 132.6, 131.3,
130.0, 129.0 , 127.6 , 126.1 , 125.7, 125.6 (q, J = 3.7 Hz), 125.4, 124.7 , 123.6 (q, J =
272.7 Hz), 123.5 , 46.0 , 34.7 , 30.6 , 22.6 . HRMS (ESI) calcd. for C23H;sO.NF3
[M+Na]" m/z 420.1187, found 420.1186.

Prepared according to general procedure (A) from
cyclopentanone and 2-bromo-9H-fluorene to provide the title

compound 1t as a yellowish solid (38% total yield). 'H NMR

(400 MHz, CDCl5) 8 8.19 (d, J=8.1 Hz, 2H), 7.75 (dt, J= 8.8,

R = p-CF3Ph
1t

4.8 Hz, 4H), 7.57 — 7.48 (m, 2H), 7.40 — 7.28 (m, 3H), 4.15 (t,
J=7.8 Hz, 1H), 3.90 (s, 2H), 3.08 — 2.78 (m, 2H), 2.47 — 2.33 (m, 1H), 2.20 — 2.01 (m,
2H), 1.99 — 1.83 (m, 1H); '3C NMR (101 MHz, CDCls) § 178.6, 162.8, 143.8, 143.4,
141.5, 140.7, 138.9 , 134.7 (q, J = 32.9 Hz), 132.7, 130.1, 126.8, 126.7, 126.6, 125.7
(q,J = 3.7 Hz), 125.1, 124.7, 123.7 (q, J = 272.8 Hz), 120.1, 119.9, 49.5 , 37.0, 35.0,
30.2, 22.7. HRMS (ESI) caled. for CasHa0O:NF3 [M+Na]" m/z 458.1344, found
458.1342.
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Prepared according to general procedure (A) from
cyclopentanone and 4-bromo-1-tosyl-1H-indole to provide
the title compound 1u as a yellowish solid (28% total yield).

R = p-CF4Ph |
T H NMR (400 MHz, CDCl3) 8 8.16 (d, J = 8.2 Hz, 2H), 7.88

(d,/=8.3 Hz, 1H), 7.75 (d,J=8.5 Hz, 2H), 7.73 (d, /= 8.9
Hz, 2H), 7.60 (d, J = 3.7 Hz, 1H), 7.32 — 7.19 (m, 3H), 7.06 (d, /= 7.5 Hz, 1H), 6.71
(d, /J=3.7Hz, 1H), 4.34 (t, /= 7.2 Hz, 1H), 3.06 — 2.84 (m, 2H), 2.42 — 2.28 (m, 4H),
2.09 — 1.85 (m, 3H); *C NMR (101 MHz, CDCl3) § 177.9, 162.7, 145.2, 135.3, 135.1,
134.8 (q, J = 32.6 Hz), 133.9, 132.6, 130.1, 130.1, 129.7, 127.0, 126.3, 125.7 (q, J =
3.6 Hz), 124.9,123.7 (q,J=272.7 Hz), 121.8, 112.5, 107.2, 47.1, 34.8, 30.5,22.9, 21.7.
HRMS (ESI) calcd. for C2sH2304N2F3S [M+Na]" m/z 563.1228, found 563.1224.

S Prepared according to general procedure (A) from
Rj\o—N ) cyclopentanone and 5-bromobenzo[b]thiophene to provide the
) title compound 1v as a yellowish solid'. 'H NMR (400 MHz,
R = p-CF3Ph CDCl) 6 8.18 (d, J = 8.1 Hz, 2H), 7.85 (d, J = 8.4 Hz, 1H),
v

7.80 —7.69 (m, 3H), 7.43 (d, J= 5.4 Hz, 1H), 7.35 — 7.28 (m,
2H), 4.19 (t, J= 7.9 Hz, 1H), 3.02 —2.94 (m, 1H), 2.91 — 2.78 (m, 1H), 2.43 — 2.35 (m,
1H), 2.20 — 2.02 (m, 2H), 1.95 — 1.83 (m, 1H); '3C NMR (101 MHz, CDCls) & 178.3,
162.6, 139.9, 138.4, 136.2, 134.6 (q, J = 32.7 Hz), 132.5, 129.9, 126.8, 125.5 (q, J =
3.7 Hz), 124.4, 123.8, 123.5 (q, J = 272.8 Hz), 122.7, 49.2, 34.9, 30.0, 22.5.

NO, Prepared according to general procedure (A) from
O

RJLO_N cyclopentanone and 1-bromo-4-nitrobenzene to provide the
\
title compound 1w as a yellow oil (18% total yield). *H NMR
R = p-CF4Ph
tw (400 MHz, Chloroform-d) & 8.23 — 8.07 (m, 4H), 7.71 (d, J =

8.3 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 4.11 (t, J = 8.3 Hz, 1H),
3.12-2.94 (m, 1H), 2.93 - 2.77 (m, 1H), 2.51 — 2.33 (M, 1H), 2.14 — 1.81 (m, 3H); 13C
NMR (101 MHz, Chloroform-d) & 177.1, 162.5, 147.8, 146.9, 134.7 (q, J = 32.8 Hz),
132.3,130.0, 129.1, 125.6 (g, J = 3.7 Hz), 123.8, 123.5 (q, J = 272.8 Hz), 49.4, 35.0,
30.2, 22.7. HRMS (ESI) calcd. for CigHisO4NoFs [M+H]" m/z 393.1062, found

393.1057.
142



The procedure for synthesis of the substrate 1x.

o HO., o

Bn NHon‘Hcl, NaOAc N| p-CF3BZC|, Et3N R)J\O/N\ Bn
e L g g

R = p-CF3Ph

The 2-benzylcyclopentan-1-one were synthesized according to the reported
procedure®. 2-benzylcyclopentan-1-one (1.0 equiv, 12.6 mmol), hydroxylamine
hydrochloride (1.2 equiv) and sodium acetate (1.5 equiv) were added to a round bottom
flask containing a stirrer bar. MeOH (0.56 M) was added and the reaction was stirred
for 12 h at 75 °C. Then methanol was removed under vacuum and the resulting mixture
was extracted with DCM. The organic layer was washed with water and dried over
NayS0Os4. The solvent was removed under reduced pressure and the crude material was
subjected to column chromatography to afford oximes.

To a mixture of oxime (1.0 equiv, 6.7 mmol), triethylamine (1.5 equiv) and DCM
(0.5 M) in a flask was added 4-(trifluoromethyl)benzoyl chlorides (1.1 equiv) slowly at
0 °C. After 1 h, a saturated solution of aqueous NaHCO3 (10 mL) was added to the
above solution, and the mixture was diluted with DCM. The organic layer was washed
with brine (20 mL) and dried over Na;SO4. The solvent was removed under vacuum
and the residue was subjected to column chromatography on silica gel with EtOAc—

petroleum ether as an eluent to give the substrate.

0 Prepared from 2-benzylcyclopentan-1-one to provide the title
R)kO/N\ o compound 1x as a white solid (77% total yield). 'H NMR (400 MHz,
Chloroform-d) 6 8.20 (d, J = 8.1 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H),
7.38—7.18 (m, 5H), 3.39 (dd, J = 13.7, 4.2 Hz, 1H), 3.14 — 3.01 (m,

1H), 2.93 — 2.78 (m, 1H), 2.77 — 2.64 (M, 2H), 1.97 — 1.83 (m, 2H), 1.77 — 1.63 (m,

R = p-CF4Ph
1x

1H), 1.62 — 1.50 (m, 1H); 3C NMR (101 MHz, Chloroform-d) § 178.1, 162.9, 139.8,
134.8 (g, J = 32.7 Hz), 132.7, 130.1, 129.2, 128.6, 126.4, 125.7 (q, J = 3.7 Hz), 123.7
(0, J = 272.8 Hz), 45.8, 38.1, 30.9, 29.9, 22.3. HRMS (ESI) calcd. for C2oH1s02NF3
[M+H]* m/z 362.1368, found 362.1361.
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Genaral procedure (B) for synthesis of the substrates 3°°.

6]
CHO oy~
@ Br(CH,)3PPh, Br N m-CPBA N
KO™Bu, THF % DCM g
o)
\
N

NH,OH-HCI, NaOAc ] p-CF3BzCl, Et;N @
MeOH N

H

A solution of KO'Bu (3.0 equiv) in THF (1.3 M) was slowly added to a solution of
(3-bromopropyl)triphenylphosphonium bromide (1.5 equiv) in dry THF (0.5 M) and
stirred at 70 °C for 1 h. Then a THF solution of benzaldehyde (~20 mmol, 2.0 M in
THEF, 1.0 equiv) was added dropwise and the mixture was refluxed for 6 h. After cooling,
the suspension was filtered and the solvent of the filtrate was removed under vacuum,
the products were purified by column chromatography on silica gel to afford
(phenylmethylene)cyclopropanes.

To the solution of (phenylmethylene)cyclopropanes (~15 mmol, 1.0 equiv) in DCM
(0.15 M) was added a solution of m-CPBA (1.0 equiv) in DCM (0.38 M) dropwise at
0 °C and stirred at 0 °C (as for synthesis of substrates 3m, 3n, 30, 3p, temperature
should be elevated to RT) for ~1 h (detected by TLC). Then, the solution was diluted
with a saturated solution of aqueous Na>SO3 (30 mL) and extracted with DCM (3*20
mL). The organic phase was washed successively with a saturated solution of aqueous
NaHCOs3 (2*#30 mL), and brine (30 mL), then dried over Na>SO4 and concentrated in
vacuum. The crude material was then purified by column chromatography on silica gel
with a mixture of petroleum ether and ethyl acetate to give various cyclobutanones.

To a mixture of hydroxylamine hydrochloride (1.2 equiv), sodium acetate (1.5 equiv),
methanol (0.56 M) in a flask was added cyclobutanone (~5 mmol, 1.0 equiv) and the
mixture was stirred at 75 °C for 12 h. The reaction mixture was cooled to room
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temperature and then methanol was removed under vacuum and the resulting mixture
was extracted with DCM. The organic layer was washed with water and dried over
NaxSOs. The solvent was removed under reduced pressure and the crude material was
subjected to column chromatography to afford cyclobutanone oximes.

To a mixture of cyclobutanone oxime (~3 mmol, 1.0 equiv), triethylamine (1.5 equiv)
and DCM (0.5 M) in a flask was added 4-(trifluoromethyl)benzoyl chlorides (1.1 equiv)
slowly at 0 °C. After 1 h, a saturated solution of aqueous NaHCO3 (10 mL) was added
to the above solution, and the mixture was diluted with DCM. The organic layer was
washed with brine and dried over Na>xSOs. The solvent was removed under vacuum and
the residue was subjected to column chromatography on silica gel with EtOAc—
petroleum ether as an eluent to give cyclobutanone O-(4-(trifluoromethyl)benzoyl)

oximes.

Characterization data for cyclobutanone oxime esters 3

Prepared according to general procedure (B) from
N \O)J\A .| benzaldehyde to provide the title compound 3a as a yellowish

Ar = p-CFCeHa solid’. "H NMR (400 MHz, CDCl3) § 8.17 (d, J = 8.1 Hz, 2H),
3a

7.74 (d, J = 8.2 Hz, 2H), 7.44 — 7.26 (m, 5H), 4.70 (ddd, J =
10.0, 7.1, 2.8 Hz, 1H), 3.31 — 3.07 (m, 2H), 2.65 (dtd, /= 11.3, 9.6, 6.1 Hz, 1H), 2.31
(ddt, J=11.2, 9.9, 7.3 Hz, 1H); >*C NMR (101 MHz, CDCls) § 171.6, 162.7, 138.5,
134.7 (q,J = 33.3 Hz), 132.4, 130.0, 128.7, 127.2, 127.1, 125.5 (q, J = 4.0 Hz), 123.5
(q,J=274.7 Hz), 49.7, 29.6, 23.2.

Me Prepared according to general procedure (B) from 4-

v L methylbenzaldehyde to provide the title compound 3b as a
7 ~07 TAr
yellowish solid>. "TH NMR (400 MHz, CDCl3) § 8.21-8.13 (m,
Ar = p-CFsCGH4

3b 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 7.17

(d,J=17.9 Hz, 2H), 4.66 (ddd, J= 10.0, 6.9, 2.9 Hz, 1H), 3.34— 3.04 (m, 2H), 2.62 (dtd,
J=11.3,9.7,6.1 Hz, 1H), 2.34 (s, 3H), 2.33-2.22 (m, 1H); *C NMR (101 MHz, CDCl5)
§171.8, 162.7, 136.8, 135.5, 134.7 (q, J = 32.3 Hz), 132.4, 130.0, 129.3, 127.0, 125.5

(q,J=4.0Hz), 123.5 (q, J=273.7 Hz), 49.4, 29.5, 23.2, 21.1.
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Me

N AL

Z2°)

Ar =p-C F3C6H4
3c

Ar

Prepared according to general procedure (B) from 2-
methylbenzaldehyde to provide the title compound 3¢ as a
white solid®. "H NMR (400 MHz, CDCl3) § 8.19 (d, J= 8.1 Hz,
2H), 7.74 (d,J=8.2 Hz, 2H), 7.60-7.53 (m, 1H), 7.27-7.13 (m,

3H), 4.80 (ddd, J = 10.0, 7.1, 3.0 Hz, 1H), 3.33-3.03 (m, 2H), 2.65 (dtd, J=11.2, 9.6,

6.1 Hz, 1H), 2.33 (s, 3H), 2.22-2.05 (m, 1H); '3C NMR (101 MHz, CDCl3) § 171.6,

162.7,136.9, 135.5, 134.7 (q, J = 33.3 Hz), 132.4, 130.4, 130.0, 127.2, 126.2, 126.1,

125.5 (q,J=4.0 Hz), 123.5 (q, J=243.4 Hz), 47.9, 29.3, 23.4, 19.5.

Ar = p-CF3CGH4
3d

Prepared according to general procedure (B) from 4-(tert-
butyl)benzaldehyde to provide the title compound 3d as a
white solid (5% total yield). 'H NMR (400 MHz, CDCl3) §
8.17 (d, J=8.1 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H), 7.43 — 7.30
(m, 4H), 4.70 — 4.61 (m, 1H), 3.31 — 3.04 (m, 2H), 2.69 —2.52

(m, 1H), 2.38 — 2.24 (m, 1H), 1.32 (s, 9H); 3C NMR (101 MHz, CDCl3) § 172.1, 162.9,

150.2, 135.5, 134.8 (q, J = 32.7 Hz), 132.6, 130.1, 127.0, 125.73, 125.67 (q, J = 3.7

Hz), 123.7 (q, J = 272.7 Hz), 49.5, 34.6, 31.4, 29.7, 23.2. HRMS (ESI) calcd. for

C22H20,NF3 [M+Na]" m/z 412.1500, found 412.1498.

MeO,

N\
7 O

Ar = p-CF3C6H4
3e

o

Ar

Prepared according to general procedure (B) from 4-
methoxybenzaldehyde to provide the title compound 3e as
ayellowish solid®. '"H NMR (400 MHz, CDCl3) § 7.63—7.40
(m, 4H), 7.22 (d, J = 8.7 Hz, 2H), 6.87 (d, J= 8.7 Hz, 2H),

4.50 (ddd, J = 10.2, 7.4, 2.8 Hz, 1H), 3.77 (s, 3H), 3.28—

3.08 (m, 2H), 2.65-2.49 (m, 1H), 2.23-2.08 (m, 1H); 3C NMR (101 MHz, CDCls) &

170.5, 162.5, 158.8, 134.3 (q, J = 32.3 Hz), 131.9, 131.0, 129.8, 128.4, 125.1 (q, J =

3.0 Hz), 123.4 (q, J = 273.7 Hz), 114.1, 55.2, 50.8, 29.1, 24.3.
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PhO Prepared according to general procedure (B) from 4-

\ phenoxybenzaldehyde to provide the title compound 3f as a
7 07 TAr
yellowish solid (3% total yield). "H NMR (400 MHz, CDCls)
Ar = p-CF3CSH4

3f 0 8.17 (d, J= 8.0 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.42 —

7.30 (m, 4H), 7.13 - 7.06 (m, 1H), 7.05 — 6.97 (m, 4H), 4.73
—4.60 (m, 1H), 3.31 —3.08 (m, 2H), 2.71 —2.57 (m, 1H), 2.37 - 2.21 (m, 1H); *C NMR
(101 MHz, CDCl3) 6 171.9, 162.8, 157.3, 156.4, 134.8 (q, J = 32.7 Hz), 133.5, 132.5,
130.1, 129.8, 128.7, 125.7 (q, J = 3.7 Hz), 123.7 (q, J=272.9 Hz), 123.4, 119.2, 118.9,
49.2, 29.6, 23.5. HRMS (ESI) caled. for C24H1303NF3 [M+Na]" m/z 448.1136, found
448.1138.

Br O Prepared according to general procedure (B) from 4'-
O o bromo-[1,1'-biphenyl]-4-carbaldehyde to provide the title
/N ‘OkAr compound 3g as a yellowish solid (3% total yield). '"H NMR

Ar = p-CFaCeHy (400 MHz, CDCL3) § 8.18 (d, J = 8.1 Hz, 2H), 7.74 (d, J =

39

8.2 Hz, 2H), 7.58 — 7.51 (m, 4H), 7.51 — 7.40 (m, 4H), 4.78
—4.67 (m, 1H), 3.33 - 3.13 (m, 2H), 2.74 — 2.60 (m, 1H), 2.41 — 2.26 (m, 1H); *C NMR
(101 MHz, CDCl3) 6 171.6, 162.9, 139.7, 139.0, 138.1, 134.8 (q, J = 32.6 Hz), 1324,
132.0,130.1, 128.8, 127.7, 127.3, 125.7 (q, J = 3.6 Hz), 123.7 (q, J = 272.7 Hz), 121.7,
49.5,29.8,23.3. HRMS (ESI) calcd. for C24Hi702NF3Br [M+Na]" m/z 510.0292, found
510.0292.

Ph Prepared according to general procedure (B) from [1,1'-

N biphenyl]-4-carbaldehyde to provide the title compound 3h
~07 A
g ' as a yellowish solid (8% total yield). '"H NMR (400 MHz,

Ar = p-CF3C6H4
2 CDCls) 8 8.21 — 8.15 (m, 2H), 7.75 (d, J= 8.2 Hz, 2H), 7.62

—7.56 (m, 4H), 7.51 — 7.41 (m, 4H), 7.39 — 7.32 (m, 1H),
4.80 — 4.69 (m, 1H), 3.37 — 3.1 (m, 2H), 2.75 — 2.62 (m, 1H), 2.43 — 2.27 (m, 1H); 13C
NMR (101 MHz, CDCls) 8 171.7, 162.7, 140.7, 140.1, 137.6, 134.6 (q, J = 32.8 Hz),
132.4, 130.0, 128.8, 127.6, 127.4, 127.3, 127.0, 125.5, 123.6 (q, J = 272.8 Hz), 49.4,
29.6, 23.2. HRMS (ESI) calcd. for C24HisO2NF3 [M+Na]" m/z 432.1187, found

432.1178.
147



Prepared according to general procedure (B) from 3-

0
F/%N\OkAr fluorobenzaldehyde to provide the title compound 3i as a

Ar = p-CFACeHs yellowish solid®>. 'H NMR (400 MHz, CDCls): § 7.62-7.51
3i

(m, 4H), 7.33 (td, J = 7.9, 6.0 Hz, 1H), 7.10 (d, J= 7.7 Hz,
1H), 7.06-6.94 (m, 2H), 4.56 (ddd, J=10.2, 7.2, 2.8 Hz, 1H), 3.34- 3.13 (m, 2H), 2.64
(dtd, J=11.5, 9.7, 6.2 Hz, 1H), 2.21 (ddt, J = 11.5, 9.9, 7.6 Hz, 1H); 3C NMR (101
MHz, CDCls): § 169.1, 163.1 (d, J = 247.4 Hz), 162.4, 141.3 (d, J = 7.1 Hz), 134.6 (d,
J=33.3Hz), 131.8, 130.4 (d, /= 9.1 Hz), 129.8, 125.3 (q, J = 4.0 Hz), 123.5 (q, J =
273.7Hz), 123.0 (d, J=3.0 Hz), 114.5 (d, J= 18.2 Hz), 114.3 (d, J = 18.2 Hz), 50.9 (d,
J=2.0Hz),29.4,24.2.

Prepared according to general procedure (B) from 3-

O
cl N~o~>ar| chlorobenzaldehyde to provide the title compound 3j as a

Ar = p-CFCqHa yellowish solid (3% total yield). '"H NMR (400 MHz,

3j

CDCL): §8.05 (d,J=7.4 Hz, 2H), 7.61 (d, J= 8.1 Hz, 2H),

7.27 (s, 1H), 7.24 — 7.07 (m, 3H), 4.63 — 4.45 (m, 1H), 3.25 — 2.97 (m, 2H), 2.66 — 2.44
(m, 1H), 2.27 — 2.06 (m, 1H); 3C NMR (101 MHz, CDCls): § 170.9, 162.7, 140.5,
134.7 (q, J = 32.6 Hz), 134.5, 132.3, 130.03, 130.00, 127.4, 127.3, 125.6 (q, J = 3.6
Hz), 125.5, 123.6 (q, J = 272.8 Hz), 49.1, 29.6, 23.2. HRMS (ESI) calcd. for
C1sH1302NF3Cl [M+Na]" m/z 390.0485, found 390.0484.

Br Prepared according to general procedure (B) from 4-

Q bromobenzaldehyde to provide the title compound 3k as a

N\
O A
4 "I yellow solid®. "H NMR (400 MHz, CDCl3) § 8.16 (d, J = 8.1
Ar = p-CF3CGH4
= Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H),

7.29 (d, J = 8.2 Hz, 2H), 4.64 (ddd, J = 10.1, 7.1, 2.9 Hz,
1H), 3.37-3.06 (m, 2H), 2.64 (dtd, J = 11.4, 9.6, 6.1 Hz, 1H), 2.38-2.17 (m, 1H); 13C
NMR (101 MHz, CDCls) § 170.9, 162.6, 137.4, 134.7 (q, J = 33.3 Hz), 132.3, 131.8,
130.0, 128.8, 125.5 (q, J = 3.0 Hz), 123.5 (q, J = 274.7 Hz), 121.1, 49.0, 29.5, 23.2.
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Prepared according to general procedure (B) from 4-

qjN j’\ iodobenzaldehyde to provide the title compound 3l as a
7 ~07 TAr

yellowish solid®. '"H NMR (400 MHz, CDCl3) § 8.16 (d, J = 8.1

Ar = p-CF3C6H4

8 Hz, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.16

(d, J = 8.0 Hz, 2H), 4.63 (ddd, J= 10.0, 7.1, 2.8 Hz, 1H), 3.31-3.05 (m, 2H), 2.64 (dtd,
J=11.4,9.6, 6.1 Hz, 1H), 2.25 (ddt, J= 11.4, 10.0, 7.4 Hz, 1H); 3C NMR (101 MHz,
CDCl3) § 170.9, 162.6, 138.1, 137.8, 134.8 (q, J = 32.3 Hz), 132.3, 130.0, 129.1, 125.6
(q,J=4.0 Hz), 123.5 (q, J = 273.7 Hz), 92.6, 49.1, 29.6, 23.1.

Prepared according to general procedure (B) from 3-

o)
F3CO/%N\OJ\N (trifluoromethoxy)benzaldehyde to provide the title

Ar = p-CFaCeHa compound 3m as a white solid (4 % total yield). '"H NMR

3m

(CDCls, 400 MHz) § 8.20 — 8.13 (m, 2H), 7.73 (dd, J=8.8,
0.6 Hz, 2H), 7.40 — 7.37 (m, 2H), 7.25 — 7.22 (m, 1H), 7.17 — 7.09 (m, 1H), 4.75 — 4.65
(m, 1H), 3.32 — 3.09 (m, 2H), 2.75 — 2.59 (m, 1H), 2.36 — 2.20 (m, 1H); '3C NMR
(CDCls, 101 MHz) & 170.8, 162.8, 149.6 (q, J = 1.8 Hz), 140.9, 134.9 (q, J = 32.7 Hz),
132.4,130.2, 130.2, 125.8, 125.7 (q, J = 3.8 Hz), 123.7 (q, J = 272.8 Hz), 120.6 (q, J =
257.2 Hz), 119.9, 119.7, 49.2, 29.7, 23.4. HRMS (ESI) calcd. for C1oHi303NFs
[M+Na]* m/z 440.0697, found 440.0700.

Prepared according to general procedure (B) from 3-
o}

FsC N )J\A (trifluoromethyl)benzaldehyde to provide the title
Z r

compound 3n as a yellowish liquid (4% total yield). 'H
Ar = p-CF306H4

3n NMR (400 MHz, CDCls) & 8.16 (d, J = 8.7 Hz, 2H), 7.72

(d, J= 8.6 Hz, 2H), 7.68 — 7.58 (m, 2H), 7.56 — 7.42 (m, 2H), 4.84 — 4.66 (m, 1H), 3.40
~3.11 (m, 2H), 2.78 — 2.61 (m, 1H), 2.40 —2.21 (m, 1H); '3C NMR (101 MHz, CDCl)
5170.8,162.8, 139.6, 134.9 (q,J=32.7 Hz), 132.3, 131.1 (q,J=32.3 Hz), 130.9, 130.1,
129.4, 125.69 (q, J = 3.7 Hz), 124.2 (q, J = 3.8 Hz), 124.16 (g, J = 272.4 Hz), 123.99
(q, J = 3.8 Hz), 123.65 (q, J = 272.7 Hz), 49.3, 29.7, 23.4. HRMS (ESI) calcd. for
C1oH1302NF6 [M+Na]" m/z 423.0748, found 424.0753.
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Prepared according to general procedure (B) from methyl

qjN j\ 4-formylbenzoate to provide the title compound 30 as a

ZNe) Ar

Ar = 0.CFaCat yellowish solid (2% total yield). '"H NMR (400 MHz, CDCls)
r=p-Lr3lery

So §8.14 (d, J= 8.2 Hz, 2H), 8.00 (d, J = 8.2 Hz, 2H), 7.71 (d,

J=8.1Hz, 2H), 7.47 (d, J= 8.2 Hz, 2H), 4.79 — 4.63 (m, 1H), 3.89 (s, 3H), 3.32 — 3.08
(m, 2H), 2.75 —2.59 (m, 1H), 2.36 —2.20 (m, 1H); 13C NMR (101 MHz, CDCl3) § 170.9,
166.8, 162.7, 143.7, 134.8 (q, J = 32.8 Hz), 132.3, 130.06, 130.08, 129.1, 127.2, 125.6
(q,J=3.6 Hz), 123.6 (q, J = 272.8 Hz), 52.1, 49.5, 29.7, 23.3. HRMS (ESI) calcd. for
C20H1604NF3 [M+Na]" m/z 414.0929, found 414.0927.

Prepared according to general procedure (B) from 4-

(pyridin-2-yl)benzaldehyde to provide the title compound 3p
0

/N\OJ\ as a yellowish solid (14% total yield). '"H NMR (400 MHz,

Ar

Ar = p-CF3CgH, CDCl) 6 8.67 (d, J=4.6 Hz, 1H), 8.16 (d, J= 8.1 Hz, 2H),
3p

7.98 (d, J=8.3 Hz, 2H), 7.76 — 7.66 (m, 4H), 7.50 (d, J= 8.2
Hz, 2H), 7.23 — 7.17 (m, 1H), 4.79 — 4.67 (m, 1H), 3.32 — 3.09 (m, 2H), 2.73 — 2.57 (m,
1H), 2.38 — 2.24 (m, 1H). 3C NMR (101 MHz, CDCl3) § 171.5, 162.8, 157.0, 149.7,
139.4, 138.3, 136.9, 134.7 (q, J = 32.7 Hz), 132.4, 130.1, 127.6, 127.3, 125.6 (q, J =
3.7 Hz), 123.6 (q, J=272.7 Hz), 122.2, 120.5, 49.4, 29.7, 23.3. HRMS (ES]I) calcd. for
Ca3H1702NoF3 [M+H]" m/z 411.1320, found 411.1320.

Prepared according to general procedure (B) from 2-chloro-4-

%N j\ methylbenzaldehyde to provide the title compound 3q as a
7 ~07 TAr
ci

white solid (5% total yield). 'H NMR (400 MHz, CDCl3) & 8.18
Ar = p-CF3C6H4

3 (d, J= 8.7 Hz, 2H), 7.72 (d, J = 8.6 Hz, 2H), 7.54 (d, J = 7.9

Hz, 1H), 7.19 (s, 1H), 7.05 (d, J = 7.9 Hz, 1H), 4.95 — 4.83 (m, 1H), 3.29 — 3.05 (m,

2H), 2.78 —2.64 (m, 1H), 2.30 (s, 3H), 2.17 - 2.03 (m, 1H); 3*C NMR (101 MHz, CDCl;)
8 171.0, 162.7, 138.8, 134.8 (q, J = 32.7 Hz), 133.3, 132.9, 132.4, 130.2, 130.1, 128.2,

127.9, 125.6 (q, J = 3.7 Hz), 123.6 (q, J = 272.8 Hz), 47.7, 29.4, 24.1, 20.8. HRMS

(ESI) calcd. for C19H15s02NF3Cl [M+Na]* m/z 404.0641, found 404.0634.
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Prepared according to general procedure (B) from 2-

OMe e}
Fgc/%mo )J\Ar methoxy-5-(trifluoromethyl)benzaldehyde to provide the

Ar = p-CFCeHs title compound 3r as a yellowish solid (15% total yield). 'H
3r

NMR (400 MHz, CDCl3) 6 8.18 (d, /= 8.4 Hz, 2H), 7.73 (d,
J=28.2 Hz, 2H), 7.66 (s, 1H), 7.52 (d, J= 8.6 Hz, 1H), 6.94 (d, /= 8.6 Hz, 1H), 4.84 —
4.72 (m, 1H), 3.90 (s, 3H), 3.35 — 3.20 (m, 1H), 3.20 — 3.06 (m, 1H), 2.67 — 2.53 (m,
1H), 2.28 — 2.14 (m, 1H); 3C NMR (101 MHz, CDCl3) § 171.6, 162.8, 159.6, 134.8 (q,
J=32.7Hz), 132.6, 130.2, 128.0, 126.2 (q, J = 3.8 Hz), 125.9 — 125.6 (m), 124.5 (q, J
=271.3 Hz), 123.7 (q, J = 272.8 Hz), 122.9 (q, J = 32.7 Hz), 110.7, 55.9, 45.9, 29.7,
23.2. HRMS (ESI) calcd. for C20H1503NFe [M+Na]" m/z 454.0854, found 454.0854.

Prepared according to general procedure (B) from 2-

O 0
O n. J_ | naphthaldehyde to provide the title compound 3s as a

/ ~0” CAr
Ar = p-CF306H4
3s

yellowish solid®>. 'TH NMR (400 MHz, CDCl3) 6 8.19 (d, J =

8.1 Hz, 2H), 7.84 (ddd, J = 12.3, 8.4, 3.6 Hz, 4H), 7.74 (d, J
= 8.2 Hz, 2H), 7.59-7.38 (m, 3H), 4.86 (ddd, /= 10.0, 6.8, 2.9 Hz, 1H), 3.41-3.13 (m,
2H), 2.71 (dtd, J = 11.3, 9.7, 6.1 Hz, 1H), 2.40 (ddt, J = 11.2, 9.9, 7.1 Hz, 1H); 3C
NMR (101 MHz, CDCls) § 171.4, 162.7, 135.8, 134.7 (q, J = 32.3 Hz), 133.3, 132.6,
132.4, 130.0, 128.6, 127.9, 127.6, 126.3, 125.9, 125.6 (q, J = 3.0 Hz), 125.3, 123.5 (d,
J=273.7 Hz), 49.8, 29.6, 23.2.

Prepared according to general procedure (B) from 1-

0
OO N naphthaldehyde to provide the title compound 3t as a

7 0" CAr
| yellowish solid (6% total yield). 'H NMR (400 MHz, CDCl5)
Ar = p-CF3C6H4
3t 08.22 (d, J=8.1 Hz, 2H), 7.91 — 7.82 (m, 3H), 7.81 — 7.73

(m, 3H), 7.58 — 7.43 (m, 2H), 5.29 (t, J= 8.1 Hz, 1H), 3.30 — 3.21 (m, 2H), 2.91 — 2.79
(m, 1H), 2.26 — 2.12 (m, 1H); '3C NMR (101 MHz, CDCl3) 5 171.3, 162.8, 134.8 (q, J
=32.7 Hz), 134.3, 134.1, 132.4, 130.7, 130.1, 129.1, 128.0, 126.3, 125.9, 125.7 (q, J =
3.3 Hz), 125.6, 123.7, 123.7 (q, J = 272.8 Hz), 123.4, 47.7, 29.6, 24.5. HRMS (ESI)
caled. for C2oHis02NF3 [M+Na]" m/z 406.1031, found 406.1028.
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Prepared according to general procedure (B) from

o)
%N\OkAr benzo[b]thiophene-3-carbaldehyde to provide the title

Ar = p-CF5CaHa compound 3u as a yellowish solid (2% total yield). '"H NMR
3u

(400 MHz, CDCI3) 6 8.20 (d, J= 8.0 Hz, 2H), 7.91 — 7.85 (m,
1H), 7.78 — 7.68 (m, 3H), 7.65 (d, J=1.3 Hz, 1H), 7.44 — 7.35 (m, 2H), 5.00 — 4.88 (m,
1H), 3.39 — 3.17 (m, 2H), 2.85 — 2.68 (m, 1H), 2.36 — 2.20 (m, 1H); 3C NMR (101
MHz, CDCl3) 6 170.8, 162.9, 141.0, 137.6, 134.9 (q,J=32.8 Hz), 132.7, 130.7, 130.2,
125.7 (q, J=3.7 Hz), 124.7,124.3 , 123.7 (q, J=272.8 Hz), 123.2, 122.9, 121.8, 44.7,
30.0, 22.8. HRMS (ESI) caled. for C20Hi4O2NSF; [M+H]" m/z 390.0776, found
390.0780.

Prepared according to general procedure (B) from 1-

TsN /N\OJ\Ar tosyl-1H-indole-4-carbaldehyde to provide the title

compound 3v as a yellowish solid (8% total yield). 'H
Ar = p-CFgCGH4

3v NMR (400 MHz, CDCl3) § 8.17 (d, J = 8.1 Hz, 2H), 7.91

(d, J=8.3 Hz, 1H), 7.80 — 7.71 (m, 4H), 7.61 (d, J = 3.7 Hz, 1H), 7.40 (dt, J= 7.5, 0.8
Hz, 1H), 7.29 (t, 1H), 7.25 — 7.21 (m, 2H), 6.69 (dd, J = 3.7, 0.8 Hz, 1H), 4.96 — 4.87
(m, 1H), 3.35 — 3.13 (m, 2H), 2.75 — 2.62 (m, 1H), 2.35 (s, 3H), 2.40 — 2.25 (m, 1H);
13C NMR (101 MHz, CDCl3) & 171.2, 162.7, 145.2, 135.2, 135.0, 134.7 (q, J = 32.5
Hz),132.4, 131.3, 130.1, 130.0, 129.0, 126.9, 126.3, 125.6 (q, J= 3.7 Hz), 124.8, 123.6
(q, J = 272.8 Hz), 121.2, 112.7, 107.0, 29.8, 23.4, 21.6. HRMS (ESI) calcd. for
C27H2104N,SF3 [M+Na]* m/z 549.1072, found 549.1074.

Prepared according to general procedure (B) from 4-

N
7% (@]
%%N\O)J\A methylthiazole-5-carbaldehyde to provide the title compound
72 r

3w as a yellowish solid (9% total yield). '"H NMR (400 MHz,
Ar = p-CF3C6H4

3w CDCl3) 5 8.60 (s, 1H), 8.12 (d, J = 8.1 Hz, 2H), 7.68 (d, J= 8.2

Hz, 2H), 4.87 — 4.76 (m, 1H), 3.35 — 3.22 (m, 1H), 3.20 — 3.07 (m, 1H), 2.77 — 2.64 (m,
1H), 2.41 (s, 3H), 2.20 — 2.09 (m, 1H); 3C NMR (101 MHz, CDCls) § 170.8, 162.5,
150.3, 149.8, 134.8 (q, J = 32.7 Hz), 132.1, 130.1, 128.9, 125.6 (q, J = 3.7 Hz), 123.5
(q, J = 272.8 Hz), 42.2, 29.8, 25.6, 15.4. HRMS (ESI) calcd. for C1¢H130,N,SF;

[M+H]" m/z 355.0728, found 355.0726.
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General Procedure (C) for the asymmetric ring-opening cyanation of

cyclopentanone oxime esters 1:

s o 0 %o
/707 R, TmscN Cu(CH3CN)4PFg, L1, Ir(ppy)s : CN \</l,\l ,\'1
. blue LED, DMAc, R.T., 36 h f
R = p-CF3CgHa )
L1

1

To a 25 mL Schlenk tube, Cu(CH3CN)4PFe (3.7 mg, 0.01 mmol), chiral bisoxazoline
ligand L1 (5.3 mg, 0.015 mmol), Ir(ppy)z (1.6 mg, 0.0025 mmol) were added in super
dry DMACc (5 mL) under N2 atmosphere. The tube was sealed with a Teflon-lined cap,
then the mixture was stirred at room temperature for 0.5 h. The catalyst solution I was

prepared firstly and used in the next step.

To a 25 mL Schlenk tube containing substrate 1(0.1 mmol, 1.0 equiv), catalyst
solution 1(1 mL) and TMSCN (0.15 mmol, 1.5 equiv) were sequentially added under
N2> atmosphere. The tube was sealed with a Teflon-lined cap, and the mixture was
stirred at a distance of ~5 cm from a 5 W blue LEDs at room temperature for 36 h .The
reaction mixture was diluted with EA(10 mL). The organic layer was washed with brine
(3>6 mL) and dried over anhydrous Na.SOas. After filtration and concentration, the
residue was purified by silica gel chromatography with petroleum ether and ethyl

acetate (PE/EA = 9:1~3:1) to afford the product 2.
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Supplementary Figure 270. photoreactions’ set-up and the reaction performed in dark

Characterization data for 2-arylhexanedinitriles

CN Prepared according to general procedure (C) using la to
' CN
/©/\/\/ provide the title compound 2a as a yellowish solid (78% yield,
Ph

% 92% ee; Immol scale: 68% yield, 90% ee). 'H NMR (400 MHz,

CDCl3) 6 7.68 — 7.55 (m, 4H), 7.51 — 7.44 (m, 2H), 7.44 — 7.34 (m, 3H), 3.92 (t, J="7.2
Hz, 1H), 2.52 —2.33 (m, 2H), 2.19 — 2.04 (m, 2H), 2.01 — 1.77 (m, 2H); '*C NMR (101
MHz, CDCls) 6 141.7, 140.2, 133.7, 129.0, 128.1, 127.9, 127.7, 127.2, 120.1, 118.8,
36.6, 34.5,22.9, 17.0. HRMS (ESI) calcd. for C1sHisN2 [M+Na]" m/z 283.1211, found
283.1200.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
detection at 214 nm) retention time = 21.23 min (major) and 27.83 min (minor). [a,]p**°

=3.77 (¢ 1.0, CHCl:).

CN Prepared according to general procedure (C) using 1b to provide

: CN
©/\/\/ the title compound 2b as a yellow oil (64% yield, 91% ee). H

2 NMR (400 MHz, CDCls) & 7.46 — 7.31 (m, 5H), 3.87 (t, J = 7.2
Hz, 1H), 2.51 - 2.31 (m, 2H), 2.18 — 1.99 (m, 2H), 1.94 — 1.73 (m, 2H); 3C NMR (101
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MHz, CDCIs) 6 134.8, 129.5, 128.6, 127.3, 120.1, 118.8, 36.9, 34.6, 22.9, 16.9. HRMS
(ESI) caled. for C12H12N2 [M+Na]" m/z 207.0898, found 207.0889.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 18.83 min (minor) and 21.38 min (major). [a]p

=137.0 (¢ 0.39, CHCl;).

Me CN Prepared according to general procedure (C) using 1c to provide

CN
the title compound 2¢ as a yellow oil (81% yield, 90% ee). 1H

2c NMR (400 MHz, CDCl3) 6 7.46 — 7.39 (m, 1H), 7.31 - 7.18 (m,

3H), 4.07 — 3.97 (m, 1H), 2.47 — 2.39 (m, 2H), 2.36 (s, 3H), 2.09 — 1.77 (m, 4H); *C
NMR (101 MHz, CDClz) 6 135.0, 133.2,131.4, 128.6, 127.5, 127.2, 120.4, 118.8, 33.7,
33.1,23.1, 19.3, 16.9. HRMS (ESI) calcd. for Ci3H14N> [M+Na]" m/z 221.1055, found
221.1050.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 20.60 min (minor) and 29.09 min (major). [a]p

=49.0 (c 0.99, CHCI3).

CN Prepared according to general procedure (C) using 1d to
' CN
t /@M/ provide the title compound 2d as a yellowish oil (91% yield,
Bu
2 88% ee). "H NMR (400 MHz, CDCls) 6 7.46 — 7.37 (m, 2H),

7.30—7.23 (m, 2H), 3.84 (t,J="7.1 Hz, 1H), 2.46 — 2.37 (m, 2H), 2.13 — 2.01 (m, 2H),
1.94 — 1.73 (m, 2H), 1.32 (s, 9H); 3*C NMR (101 MHz, CDCls) § 151.7, 131.7, 127.0,
126.4,120.3, 118.8, 36.4,34.7, 34.5, 31.4,22.9, 16.9. HRMS (ESI) calcd. for Ci16H20N>
[M+Na]* m/z 263.1524, found 263.1522.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 16.39 min (minor) and 17.83 min (major). [a]p

=9.95 (c 1.24, CHCls).

CN Prepared according to general procedure (C) using le to

CN

/@/\/\/ provide the title compound 2e as a yellow oil (70% yield, 90%
™S

s ee). H NMR (400 MHz, CDCls) & 7.55 (d, J = 8.1 Hz, 2H),

7.32(d, J = 7.9 Hz, 2H), 3.86 (t, J = 7.1 Hz, 1H), 2.51 — 2.32 (m, 2H), 2.14 — 2.00 (m,

2H), 1.95 — 1.73 (m, 2H), 0.28 (s, 9H); 3C NMR (101 MHz, CDCls) § 141.3, 135.1,
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134.4, 126.6, 120.0, 118.8, 36.8, 34.5, 22.9, 16.9, -1.1. HRMS (ESI) calcd. for
C15H20N2Si [M+Na]* m/z 279.1293, found 279.1292.

HPLC (AS-H, 0.46*25 cm, 5 um, hexane/isopropanol = 19/1, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 18.20 min (major) and 22.01 min (minor). [a]p

=7.66 (c 1.34, CHCl;).

CN Prepared according to general procedure (C) using 1f to
MeO . CN
\©/\/\/ provide the title compound 2f as a yellow oil (52% yield, 90%
2f ee). 'H NMR (400 MHz, CDCls) § 7.32 (t, J = 7.9 Hz, 1H),

6.94 — 6.85 (m, 3H), 3.84 (t, /= 7.1 Hz, 1H), 3.83 (s, 3H), 2.50 — 2.33 (m, 2H), 2.16 —
2.01 (m, 2H), 1.93 — 1.75 (m, 2H); '*C NMR (101 MHz, CDCls) 6 160.3, 136.2, 130.5,
120.0, 119.5, 118.8, 113.9, 113.2, 55.5, 36.8, 34.4, 22.8, 16.9. HRMS (ESI) calcd. for
C13H14N20 [M+Na]" m/z 237.1004, found 237.0998.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 30.34 min (minor) and 36.25 min (major). [a]p

=18.0 (¢ 0.43, CHCl;).

CN Prepared according to general procedure (C) using 1g to
' CN
/©/\/\/ provide the title compound 2g as a yellow oil (63% yield, 84%
PhO
29 ee). 'H NMR (400 MHz, CDCl3) & 7.41 — 7.34 (m, 2H), 7.31

—7.25 (m, 3H), 7.18 — 7.12 (m, 1H), 7.07 — 6.99 (m, 4H), 3.85 (t, J = 7.2 Hz, 1H), 2.50
—2.34 (m, 2H), 2.14 — 2.01 (m, 2H), 1.97 — 1.75 (m, 2H); *C NMR (101 MHz, CDCl3)
0 157.8,156.6, 130.0, 129.2, 128.7, 124.0, 120.1, 119.5, 119.3, 118.8, 36.2, 34.6, 22.9,
16.9. HRMS (ESI) caled. for CigHi6N20 [M+Na]" m/z 299.1160, found 299.1158.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 19.77 min (major) and 25.61 min (minor). [a]p

= 3.41 (¢ 0.99, CHCl;).

CN Prepared according to general procedure (C) using 1h to

MeS . CN
\©/\/\/ provide the title compound 2h as a yellow oil (81% yield,
2h 90% ee). '"H NMR (400 MHz, CDCl3) § 7.36 — 7.26 (m, 1H),

7.26—17.16 (m, 2H), 7.09 (dt, J="7.7, 1.4 Hz, 1H), 3.83 (t,J = 7.2 Hz, 1H), 2.50 (s, 3H),

2.47 - 2.36 (m, 2H), 2.14 — 2.00 (m, 2H), 1.95 — 1.73 (m, 2H); '3C NMR (101 MHz,
156



CDCl3) 6 140.4, 135.5, 129.8, 126.3, 125.0, 123.8, 119.8, 118.7, 36.8, 34.4, 22.9, 16.9,
15.7. HRMS (ESI) calcd. for Ci3H14N2S [M+Na]* m/z 253.0775, found 253.0775.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 25.41 min (minor) and 27.72 min (major). [a]p

=22.7 (¢ 1.04, CHCl;).

CN Prepared according to general procedure (C) using 1i to
CN
/©/\/\/ provide the title compound 2i as a yellowish oil (79% yield, 90%
TsN
Me 2 ee). 'H NMR (400 MHz, CDCls) § 7.42 (d, J = 8.3 Hz, 2H),

7.31-7.23 (m, 4H), 7.14 (d, J = 8.5 Hz, 2H), 3.87 (t, J = 7.2
Hz, 1H), 3.15 (s, 3H), 2.49 — 2.36 (m, 5H), 2.12 — 1.98 (m, 2H), 1.94 — 1.74 (m, 2H);
13C NMR (101 MHz, CDCls) § 144.0, 142.0, 133.6, 133.3, 129.6, 127.9, 127.8, 127.3,
119.8, 118.8, 38.0, 36.4, 34.4, 22.9, 21.7, 16.9. HRMS (ESI) calcd. for C20H21N30>S
[M+Na]" m/z 390.1252, found 390.1253.
HPLC (AD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 85/15, flow 0.5 mL/min,

detection at 214 nm) retention time = 88.43 min (minor) and 93.25 min (major). [a]p*%°

=4.15 (¢ 1.37, CHCI;).

CN Prepared according to general procedure (C), with modifications

CN
)ijw of 1.5 mol% Cu(CHsCN)4PFs and 2.25 mol% L1, using 1j to
F

2j

provide the title compound 2j as a yellow oil (71% yield, 87%
ee). 'H NMR (400 MHz, CDCls) § 7.36 — 7.29 (m, 2H), 7.15 — 7.06 (m, 2H), 3.86 (t, J
=7.2 Hz, 1H), 2.50 — 2.34 (m, 2H), 2.12 — 1.99 (m, 2H), 1.97 — 1.73 (m, 2H); *C NMR
(101 MHz, CDClz) 6 162.7 (d, J = 248.3 Hz), 130.6 (d, J = 3.4 Hz), 129.0 (d, J = 8.4
Hz), 119.9, 118.7, 116.5 (d, J = 21.9 Hz), 36.2 , 34.6 , 22.8, 16.9. HRMS (ESI) calcd.
for Ci2HiN2F [M+Na]” m/z 225.0804, found 225.0806.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 28.40 min (major) and 32.39 min (minor). [a]p

= 18.5 (c 1.49, CHCls).
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CN Prepared according to general procedure (C) using 1k to

o] ' CN
\©/\/\/ provide the title compound 2k as a yellow oil (64% yield, 91%

2% ee). 'H NMR (400 MHz, CDCl3) & 7.40 — 7.31 (m, 3H), 7.26

—7.20 (m, 1H), 3.86 (t, J = 7.2 Hz, 1H), 2.53 — 2.34 (m, 2H), 2.14 — 1.99 (m, 2H), 1.95
—1.73 (m, 2H); *C NMR (101 MHz, CDCl3) § 136.7, 135.4, 130.8, 129.0, 127.5, 125.5,
119.4, 118.7, 36.6, 34.4, 22.8, 16.9. HRMS (ESI) calcd. for C1oHN2Cl [M+Na]" m/z
241.0508, found 241.0503.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,

detection at 214 nm) retention time = 15.20 min (minor) and 18.67 min (major). [a.]p*%°

=22.0 (c 0.81, CHCl).

on Prepared according to general procedure (C), with

F3CO\©/\/\/CN modifications of 1.5 mol% Cu(CH3CN)4PFs and 2.25 mol%

21 L1, using 11 to provide the title compound 21 as a yellow oil

(79% yield, 90% ee). *H NMR (400 MHz, CDCl3) § 7.46 (t,
J=8.0Hz, 1H), 7.31(d, J = 7.8 Hz, 1H), 7.26 — 7.18 (m, 2H), 3.91 (t, J = 7.2 Hz, 1H),
2.55 - 2.36 (m, 2H), 2.17 — 2.01 (m, 2H), 1.98 — 1.76 (m, 2H); 3C NMR (101 MHz,
CDCl3) 6 149.9,137.0,131.0, 125.7,121.1, 120.5 (q, J = 258.0 Hz), 120.0, 119.3, 118.6,
36.6, 34.4, 22.8, 16.9. HRMS (ESI) calcd. for C13H11N2OF; [M+Na]" m/z 291.0721,
found 291.0720.
HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 92/8, flow 1.0 mL/min,

detection at 214 nm) retention time = 26.14 min (minor) and 28.11 min (major). [a.]p>*°

=18.8 (¢ 0.66, CHCI3).

CN Prepared according to general procedure (C) using 1m to

FaC ' CN
’ \©/\/\/ provide the title compound 2m as a yellow oil (72% yield,

2m 90% ee). 'H NMR (400 MHz, CDCl3) § 7.70 — 7.52 (m, 4H),

3.95 (t,J=17.3 Hz, 1H), 2.59 — 2.36 (m, 2H), 2.16 — 2.03 (m, 2H), 1.99 — 1.77 (m, 2H);
B3C NMR (101 MHz, CDCl3) § 135.9, 132.0 (q, /= 32.8 Hz), 130.7, 130.2, 125.7 (q, J
=3.7Hz), 124.1 (q,J=3.7 Hz), 123.7 (q, J=272.5 Hz), 119.3, 118.6, 36.8, 34.5, 22.9,
16.9. HRMS (ESI) calcd. for Ci3HiiN2F3 [M+Na]" m/z 275.0772, found 275.0765.
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HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,

detection at 214 nm) retention time = 22.71 min (minor) and 24.10 min (major). [o]p>%°

=19.9 (¢ 1.12, CHCl;).

CN Prepared according to general procedure (C) using 1n to
MeO,C 8 CN
o \©\/\/\/ provide the title compound 2n as a yellowish oil (79% yield,
Me
2n 89% ee). 'H NMR (400 MHz, CDCl3) & 8.08 (d, J = 1.6 Hz,

1H), 7.92 (dd, J =7.9, 1.7 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 4.04 (dd, J = 8.8, 5.6 Hz,
1H), 3.93 (s, 3H), 2.55 — 2.38 (m, 5H), 2.17 — 1.80 (m, 4H); 3C NMR (101 MHz,
CDClI3) 6 166.4, 140.5,133.6,131.6,129.8, 129.3,128.6, 119.8, 118.7, 52.4, 33.7, 32.9,
23.2, 19.6, 16.9. HRMS (ESI) calcd. for CisHisN202 [M+Na]" m/z 279.1109, found
279.1107.

HPLC (ID, 0.46*25 cm, 5 um, hexane/isopropanol = 8/2, flow 1.0 mL/min, detection
at 214 nm) retention time = 37.33 min (major) and 42.41 min (minor). [a]p?*?= 45.7

(¢ 0.94, CHCL).

CN Prepared according to general procedure (C) using 1o to provide
NC 8 CN
\©\/W the title compound 20 as a yellow solid (85% yield, 89% ee). 'H
Me
20 NMR (400 MHz, CDCl3) 6 7.72 (d, J= 1.5 Hz, 1H), 7.56 (dd, J

=79, 1.6 Hz, 1H), 7.35 (d, J= 7.9 Hz, 1H), 4.04 (dd, J = 8.3, 6.0 Hz, 1H), 2.58 — 2.39
(m, 5H), 2.13 — 1.82 (m, 4H); 3C NMR (101 MHz, CDCl3) § 140.9, 134.9, 132.4, 132.2,
131.1, 119.2, 118.5, 118.2, 111.4, 33.7, 32.8, 23.1, 19.7, 16.9. HRMS (ESI) calcd. for
C14H13N3 [M+Na]" m/z 246.1007, found 246.1003.

HPLC (ID, 0.46*25 c¢cm, 5 um, hexane/isopropanol = 8/2, flow 1.0 mL/min, detection
at 214 nm) retention time = 30.24 min (major) and 35.87 min (minor). [a]p?*° = 40.7

(c 0.91, CHCls).

CN Prepared according to general procedure (C) using 1p to
' CN
Q/W provide the title compound 2p as a yellow oil (50% vyield,
FsC
s 2p 85% ee). 'H NMR (400 MHz, Chloroform-d) § 7.69 (d, J =

8.1 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 3.96 (t, J = 7.2 Hz, 1H), 2.55 - 2.36 (m, 2H), 2.18
—2.01 (m, 2H), 1.98 — 1.76 (m, 2H); 3C NMR (101 MHz, Chloroform-d) & 138.8, 131.1

(q, J = 32.8 Hz), 127.8, 126.5 (q, J = 3.7 Hz), 123.8 (g, J = 270.7 Hz), 119.3, 118.6,
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36.8, 34.4, 22.8, 16.9. HRMS (ESI) calcd. for C13H11N2F3 [M+H]* m/z 253.0953, found
253.0946.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 95/5, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 51.07 min (minor) and 53.43 min (major). [a]p

=10.1 (¢ 0.73, CHCls).

oN Prepared according to general procedure (C) using 1q to
' CN
/©/\/\/ provide the title compound 2q as a yellowish oil (74%
MeO,C
o 2q yield, 76% ee). '"H NMR (400 MHz, Chloroform-d) & 8.08

(d, J=8.4 Hz, 2H), 7.43 (d, /= 8.3 Hz, 2H), 4.03 — 3.87 (m, 4H), 2.52 — 2.34 (m, 2H),
2.17 -2.02 (m, 2H), 1.96 — 1.74 (m, 2H); 3*C NMR (101 MHz, CDCls) § 166.4, 139.6,
130.7, 130.6, 127.4, 119.4, 118.6, 52.5, 36.9, 34.3, 22.8, 16.9. HRMS (ESI) calcd. for
C14H14sN20O2 [M+H]" m/z 243.1134, found 243.1124.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 21.47 min (major) and 24.00 min (minor). [a]p

=7.2(c 1.17, CHCL).

CN Prepared according to general procedure (C) using 1r to
: CN

provide the title compound 2r as a yellowish solid (79% yield,
il 90% ee). 'H NMR (400 MHz, CDCl3) § 7.95 — 7.81 (m, 4H),

7.60 —7.50 (m, 2H), 7.40 (dd, J=8.5, 1.9 Hz, 1H), 4.04 (t, /J="7.1 Hz, 1H), 2.55 - 2.29
(m, 2H), 2.23 — 2.08 (m, 2H), 1.97 — 1.74 (m, 2H); *C NMR (101 MHz, CDCl3) &
133.4,133.1,132.0, 129.6, 128.0, 127.9, 127.1, 126.9, 126.5, 124.5, 120.1, 118.8, 37.0,
34.4, 22.9, 17.0. HRMS (ESI) calcd. for CisHisN2 [M+Na]® m/z 257.1055, found
257.1054.

HPLC (AD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 19/1, flow 1.0 mL/min,

detection at 214 nm) retention time = 31.36 min (minor) and 33.61 min (major). [a]p>%°

= 11.7 (c 1.08, CHCL).

O CN Prepared according to general procedure (C) using 1s to
CN

O provide the title compound 2s as a yellow oil (89% yield, 93%

2s ee). 'H NMR (400 MHz, CDCls) § 7.98 — 7.83 (m, 3H), 7.69

(d, J = 6.8 Hz, 1H), 7.65 — 7.47 (m, 3H), 4.64 (dd, J = 8.3, 5.5 Hz, 1H), 2.51 — 2.32 (m,
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2H), 2.30 — 2.12 (m, 2H), 2.01 — 1.87 (m, 2H); **C NMR (101 MHz, CDCls) & 134.2,
130.4, 129.9, 129.6, 129.5, 127.4, 126.5, 125.8, 125.6, 121.9, 120.4, 118.8, 33.9, 33.3,
23.2,16.9. HRMS (ESI) calcd. for Ci1sH1aN2 [M+Na]" m/z 257.1055, found 257.1050.
HPLC (AD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,
200

detection at 214 nm) retention time = 17.89 min (minor) and 21.75 min (major). [a]p

=98.3 (c 1.01, CHCls).

CcN Prepared according to general procedure (C) using 1t to
- CN
O provide the title compound 2t as a yellowish solid (88% yield,
Q‘ 90% ee). 'H NMR (400 MHz, CDCl3) & 7.85 — 7.76 (m, 2H),
2t

7.61 —7.50 (m, 2H), 7.40 (t, J = 7.1 Hz, 1H), 7.37 — 7.29 (m,
2H), 4.00 — 3.87 (m, 3H), 2.49 — 2.34 (m, 2H), 2.17 — 2.06 (m, 2H), 1.97 — 1.77 (m,
2H); *C NMR (101 MHz, CDClg) § 144.5, 143.4, 142.2, 140.8, 133.0, 127.4, 127.1,
126.0, 125.3, 124.0, 120.6, 120.3, 120.2, 118.8, 36.98, 36.96, 34.8, 22.9, 16.9. HRMS
(ESI) caled. for C1oH16N2 [M+Na]" m/z 295.1211, found 295.1205.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 23.48 min (major) and 28.48 min (minor). [a]p

=11.4 (c 1.17, CHCL).

Prepared according to general procedure (C) using lu to

— CN
TsN - CN
/b/\/\/ provide the title compound 2u as a yellowish oil (84% yield,

2u 89% ee). 'H NMR (400 MHz, CDCl3) § 7.99 (d, J = 8.3 Hz,

1H), 7.78 (d, J= 8.4 Hz, 2H), 7.67 (d, /=3.8 Hz, 1H), 7.37 — 7.28 (m, 1H), 7.29 — 7.21
(m, 3H), 6.75 (dd, J=3.8, 0.9 Hz, 1H), 4.11 (t, J= 7.4 Hz, 1H), 2.47 — 2.29 (m, 5H),
2.20 —2.04 (m, 2H), 1.94 — 1.70 (m, 2H); '*C NMR (101 MHz, CDCls) § 145.5, 135.2,
135.1,130.2, 128.4, 127.4, 127.2, 127.0, 125.1, 122.2, 119.7, 118.7, 113.9, 105.6, 34.7,
33.3, 23.0, 21.7, 16.8. HRMS (ESI) calcd. for C21HioN302S [M+Na]" m/z 400.1096,
found 400.1096.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 39.69 min (minor) and 43.44 min (major). [a]p

=9.13 (c 1.14, CHCl3).
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CN Prepared according to general procedure (C) using 1v to

' CN
(/jij/\/\/ provide the title compound 2v as a yellow solid (67% yield,
S

2v 80% ce). 'H NMR (400 MHz, CDCl3) 5 7.91 (d, J = 8.3 Hz,

1H), 7.82 (d, J = 1.5 Hz, 1H), 7.54 (d, J = 5.4 Hz, 1H), 7.36 (d, J = 5.4 Hz, 1H), 7.29
(dd, J=8.4,1.7 Hz, 1H), 4.01 (t, J = 7.1 Hz, 1H), 2.51 — 2.34 (m, 2H), 2.21 - 2.08 (m,
2H), 1.98 — 1.77 (m, 2H); 3C NMR (101 MHz, CDCls) § 140.2, 139.9, 130.9, 128.3,
123.8, 123.6, 123.1, 122.4, 120.2, 118.8, 36.9, 34.8, 22.8, 16.9. HRMS (ESI) calcd. for
C14H12N»2S [M+Na]” m/z 263.0619, found 263.0618.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 35.62 min (minor) and 38.44 min (major). [a]p

=15.8 (¢ 0.96, CHCl;).

General procedure (D) for the asymmetric ring-opening cyanation of

cyclobutanone oxime esters 3:

@ Q CN o%o
N_ )J\ CuSCN, L1, Acetone R e | |
(0] R + TMSCN — [
10°C. 24 h CN S/N N\%
4 L1

R = p-CF306H4
3

To a 5 mL Schlenk tube, CuSCN (1.8 mg, 0.015 mmol), chiral bisoxazoline ligand
L1 (6.4 mg, 0.018 mmol) were added in degassed Acetone (1 mL) under N2 atmosphere.
The tube was sealed with a Teflon-lined cap, then the mixture was stirred at room
temperature for 0.5 h. The catalyst solution 11 was prepared firstly and used in the next

step.

To a 25 mL Schlenk tube containing substrate 3(0.1 mmol, 1.0 equiv), 0.8 mL
Acetone, catalyst solution 11(200 uL) and TMSCN (0.15 mmol, 1.5 equiv) were
sequentially added under N> atmosphere. The tube was sealed with a Teflon-lined cap,

and the mixture was stirred at 10 € for 24 h . Then solvent was removed under vacuum
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and the residue was purified by silica gel chromatography with petroleum ether and

ethyl acetate (PE/EA = 10:1~5:1) to afford the product 4.

Characterization data for 2-arylpentanedinitriles

CN Prepared according to general procedure (D) using 3a to provide
©/\/\CN the title compound 4a as a colorless oil (73% yield, 94% ee). H
4a NMR (400 MHz, CDCls) § 7.48 — 7.32 (m, 5H), 3.99 (t, J = 7.5 Hz,

1H), 2.64 — 2.49 (m, 1H), 2.49 — 2.16 (m, 3H); 3C NMR (101 MHz, CDCls) 5 133.5,
129.7, 129.1, 127.4, 119.3, 117.9, 36.2, 31.5, 15.1. HRMS (ESI) calcd. for C11H1o0N>
[M+H]" m/z 171.0922, found 171.0926.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 86/14, flow 1.0 mL/min,
detection at 214 nm) retention time = 19.77 min (minor) and 28.07 min (major). [a]o?*°

=-18.7 (c 0.52, CHCl5).

cN Prepared according to general procedure (D) using 3b to provide
/@MCN the title compound 4b as a yellowish oil (64% vyield, 89% ee).

M
) 4b 'H NMR (400 MHz, CDCl3) § 7.23 (s, 4H), 3.94 (t, J = 7.6 Hz,

1H), 2.59 — 2.47 (m, 1H), 2.46 — 2.33 (m, 1H), 2.37 (s, 3H), 2.33 — 2.15 (m, 2H); 3C
NMR (101 MHz, CDCls) 6 139.1, 130.5, 130.3, 127.3, 119.5, 117.9, 35.8, 31.5, 21.2,
15.1. HRMS (ESI) calcd. for C12H12N2 [M+Na]* m/z 207.0898, found 207.0891.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 86/14, flow 1.0 mL/min,

detection at 214 nm) retention time = 17.97 min (minor) and 20.59 min (major). [a]p>*

=-20.0 (¢ 0.36, CHCI5).

Me CN Prepared according to general procedure (D) using 3c to provide
: cn | the title compound 4c as a yellowish oil (95% vyield, 93% ee). H
4c NMR (400 MHz, CDCl3) 6 7.43 — 7.37 (m, 1H), 7.32 — 7.20 (m,

3H), 4.16 (dd, J = 8.8, 6.2 Hz, 1H), 2.67 — 2.47 (m, 2H), 2.39 (s,
3H), 2.29 — 2.14 (m, 2H); 3C NMR (101 MHz, CDCls) 5 135.3, 131.9, 131.6, 129.1,
127.5, 127.3, 119.5, 118.0, 33.1, 30.2, 19.2, 15.4. HRMS (ESI) calcd. for C12H12N2
[M+Na]* m/z 207.0898, found 207.0893.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 8/2, flow 1.0 mL/min,
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detection at 214 nm) retention time = 16.98 min (minor) and 31.80 min (major). [o]p*°

=14.3 (c 0.66, CHCL).

CN Prepared according to general procedure (D) using 3d to provide
/@MCN the title compound 4d as a yellowish oil (89% yield, 89% ee).

Bu
4d "H NMR (400 MHz, CDCl3) § 7.44 (d, J= 8.4 Hz, 2H), 7.27 (d,

J=28.2 Hz, 2H), 3.95 (t,J= 7.4 Hz, 1H), 2.60 —2.49 (m, 1H), 2.47 — 2.36 (m, 1H), 2.35
—2.17 (m, 2H), 1.32 (s, 9H); '*C NMR (101 MHz, CDCls) & 152.3, 130.4, 127.1, 126.6,
119.5, 118.0, 35.7, 34.8, 31.4, 31.3, 15.1. HRMS (ESI) calcd. for CisHisN» [M+Na]"
m/z 249.1368, found 249.1359.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 86/14, flow 1.0 mL/min,

detection at 214 nm) retention time = 11.31 min (minor) and 13.75 min (major). [a]p**°

=-25.9 (¢ 0.93, CHCI»).

o Prepared according to general procedure (D) using 3e to provide
/(j/\A CN| the title compound 4e as a yellowish oil (62% yield, 90% ee). 'H
MO e NMR (400 MHz, CDCl3) § 7.26 (d, J = 8.6 Hz, 2H), 6.94 (d, J =

8.7 Hz, 2H), 3.93 (t, J = 7.5 Hz, 1H), 3.82 (s, 3H), 2.61 — 2.47
(m, 1H), 2.47 —2.34 (m, 1H), 2.35-2.13 (m, 2H); *C NMR (101 MHz, CDCl3) § 160.1,
128.6, 125.3, 119.6, 118.0, 115.0, 55.5, 35.4, 31.5, 15.0. HRMS (ESI) calcd. for
C12H12N20O [M+Na]" m/z 223.0847, found 223.0853.
HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,

detection at 214 nm) retention time = 18.22 min (minor) and 20.05 min (major). [o.]p>%°

=-31.0 (¢ 0.56, CHCI»).

oN Prepared according to general procedure (D) using 3f to provide

/©/\/\CN the title compound 4f as a yellowish oil (82% yield, 91% ee).
PRO™ ™ 'H NMR (400 MHz, CDCls) 3 7.41 — 7.34 (m, 2H), 7.33 — 7.27

(m, 2H), 7.20 — 7.13 (m, 1H), 7.07 — 7.00 (m, 4H), 3.97 (t, J =
7.5 Hz, 1H), 2.62 — 2.51 (m, 1H), 2.50 — 2.39 (m, 1H), 2.37 — 2.15 (m, 2H); 3*C NMR
(101 MHz, CDCl3) § 158.3, 156.4, 130.1, 128.9, 127.8, 124.2, 119.6, 119.4, 117.9, 35.5,
31.5,15.1. HRMS (ESI) calcd. for C17H14aN20O [M+Na]" m/z 285.1004, found 285.0998.

HPLC (AD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 97/3, flow 1.0 mL/min,
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detection at 214 nm) retention time = 35.02 min (minor) and 36.89 min (major). [o]p*°

= -40.7 (c 0.97, CHCls).

Prepared according to general procedure (D) using 3g to

CN

O ' cn| provide the title compound 4g as a yellowish solid (71%
yield, 96% ee). *H NMR (400 MHz, CDCl3) & 7.64 — 7.56
Br

o (m, 4H), 7.47 — 7.40 (m, 4H), 4.04 (t, J = 8.8, 1H), 2.65 —

2.54 (m, 1H), 2.52 — 2.41 (m, 1H), 2.40 — 2.21 (m, 2H); *3C NMR (101 MHz, CDCl;)
0 141.0, 138.9, 132.8, 132.2, 128.8, 128.2, 128.0, 122.4,119.2, 117.8, 35.9, 31.4, 15.2.
HRMS (ESI) calcd. for C17Hi3N2Br [M+Na]" m/z 347.0160, found 347.0157.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 8/2, flow 1.0 mL/min,

detection at 214 nm) retention time = 19.31 min (minor) and 20.85 min (major). [a.]p*%°

=-38.5 (¢ 1.0, CHCl3).

CN Prepared according to general procedure (D) using 3h to provide
WCN the title compound 4h as a yellowish solid (93% yield, 95% ee; 1

Ph
4h mmol scale: 87% yield, 95% ee). 'H NMR (400 MHz, CDCl3) &

7.69 —7.63 (m, 2H), 7.62 — 7.56 (m, 2H), 7.52 — 7.35 (m, 5H), 4.04 (t, /= 7.5 Hz,1H),
2.66 —2.53 (m, 1H), 2.53 — 2.41 (m, 1H), 2.41 — 2.21 (m, 2H); *C NMR (101 MHz,
CDCl) 6 142.1, 140.0, 132.4, 129.1, 128.3, 128.0, 127.8, 127.2, 119.3, 117.9, 35.9,
31.4, 15.2. HRMS (ESI) calcd. for Ci17H1aN> [M+Na]" m/z 269.1055, found 269.1052.
HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,

detection at 214 nm) retention time = 24.31 min (major) and 34.52 min (minor). [a]p>*°

= -40.7 (c 1.0, CHCL).

CN Prepared according to general procedure (D) using 3i to provide

. :
O/\/\CN the title compound 4i as a yellowish oil (86% yield, 91% ee). 'H
4i NMR (400 MHz, CDCl3) 6 7.47 — 7.38 (m, 1H), 7.20 — 7.06 (m,

3H), 4.00 (dd, J = 8.1, 6.9 Hz, 1H), 2.67 — 2.52 (m, 1H), 2.52 —
2.40 (m, 1H), 2.39 —2.18 (m, 2H); 3*C NMR (101 MHz, CDCls) & *C NMR (101 MHz,
CDCl3) § 163.3 (d, J=249.1 Hz), 135.8 (d, J=7.4 Hz), 131.5 (d, J= 8.4 Hz), 123.2 (d,
J=3.1Hz), 118.7, 117.7, 116.3 (d, J = 21.0 Hz), 114.7 (d, J = 23.0 Hz), 35.92, 35.9,

31.4,15.2. HRMS (ESI) calcd. for C11HoN2F [M+H]" m/z 189.0828, found 189.0839.
165



HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,

detection at 214 nm) retention time = 12.48 min (minor) and 16.94 min (major). [o]p>%°

=-16.2 (¢ 0.64, CHCI»).

CN Prepared according to general procedure (D) using 3j to provide

Cl :
\©/\/\CN the title compound 4j as a yellowish oil (77% yield, 89% ee).
4 '"H NMR (400 MHz, CDCls) § 7.42 — 7.34 (m, 3H), 7.29 — 7.23

(m, 1H), 3.98 (dd, J=8.2, 6.8 Hz, 1H), 2.67 — 2.52 (m, 1H), 2.52 — 2.39 (m, 1H), 2.38
—2.17 (m, 2H); *C NMR (101 MHz, CDCl3) § 135.7, 135.5, 131.0, 129.5, 127.6, 125.6,
118.7, 117.6, 35.87, 31.37, 15.20. HRMS (ESI) calcd. for C11HoN>Cl [M+Na]" m/z
227.0352, found 227.0353.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 13.76 min (minor) and 20.52 min (major). [a]p

=-15.5(c 0.67, CHCI»).

CN Prepared according to general procedure (D) using 3k to provide
/@MCN the title compound 4k as a yellowish oil (89% yield, 94% ee). 'H

Br
4k NMR (400 MHz, CDCl3) 8 7.68 — 7.46 (m, 2H), 7.35 — 7.13 (m,

2H), 3.97 (t,J = 8.8 Hz, 1H), 2.65 — 2.52 (m, 1H), 2.50 — 2.37 (m, 1H), 2.35 —2.15 (m,
2H); 3*C NMR (101 MHz, CDCl3) § 132.9, 132.6, 129.1, 123.3,118.8, 117.7, 35.7, 31.3,
15.2. HRMS (ESI) caled. for C1iHoN>Br [M+Na]" m/z 270.9847, found 270.9865.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 86/14, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 24.13 min (minor) and 28.87 min (major). [a]p

=-29.2 (¢ 0.97, CHCI»).

CN Prepared according to general procedure (D) using 31 to provide
/@A/\ CN| the title compound 41 as a yellowish oil (83% yield, 92% ee). 'H
I

4l NMR (400 MHz, CDCl3) 6 7.77 (d, J= 8.4 Hz, 2H), 7.11 (d, J =

8.4 Hz, 2H), 3.95 (t, J = 7.6 Hz, 1H), 2.65 — 2.5 (m, 1H), 2.50 — 2.37 (m, 1H), 2.36 —
2.16 (m, 2H); 3C NMR (101 MHz, CDCl3) & 138.9, 133.2, 129.2, 118.7, 117.7, 94.9,
35.9, 31.4, 15.2. HRMS (ESI) caled. for CiiHoNaI [M+H]" m/z 296.9889, found
296.9890.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
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detection at 214 nm) retention time = 19.14 min (minor) and 23.26 min (major). [o]p*°

= 27.5 (c 1.0, CHCL).

CN Prepared according to general procedure (D), with

F4CO :
’ \©/\/\CN modifications of 5 mol% CuSCN and 6 mol% L1, using 3m to

4m provide the title compound 4m as a yellow oil (91% yield, 93%

ee). 'H NMR (400 MHz, CDCls) § 7.49 (t, J = 8.0 Hz, 1H), 7.32 (d, J = 7.9 Hz, 1H),
7.29 —7.24 (m, 1H), 7.23 (s, 1H), 4.03 (dd, J = 8.2, 6.9 Hz, 1H), 2.66 — 2.54 (m, 1H),
2.53 -2.42 (m, 1H), 2.38 — 2.19 (m, 2H); 3C NMR (101 MHz, CDCls) § 150.1, 135.8,
131.3, 125.8, 121.5, 120.5 (q, J = 258.3 Hz), 120.1, 118.5, 117.6, 36.0, 31.4, 15.2.
HRMS (ESI) caled. for C12HoN>OF3; [M+Na]" m/z 277.0565, found 277.0555.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 16.68 min (minor) and 19.44 min (major). [a]p

=-8.67 (¢ 1.24, CHCL).

CN Prepared according to general procedure (D) using 3n to provide

FsC
’ \©/\/\CN the title compound 4n as a yellowish oil (75% yield, 94% ee).
4n "H NMR (400 MHz, CDCls) § 7.78 — 7.52 (m, 4H), 4.08 (dd, J

= 8.6, 6.6 Hz, 1H), 2.69 — 2.57 (m, 1H), 2.56 — 2.45 (m, 1H), 2.40 — 2.21 (m, 2H); *C
NMR (101 MHz, CDCl3) 6 134.8, 132.3 (q, /= 32.8 Hz), 130.8 , 130.4, 126.1 (q, J =
3.7 Hz), 124.2 (q, J = 3.8 Hz), 123.6 (q, J = 272.6 Hz), 118.5, 117.5, 36.1, 31.4, 15.3.
HRMS (ESI) caled. for C12HoN2F3 [M+H]" m/z 239.0796, found 239.0806.

HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 9/1, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 20.73 min (minor) and 25.55 min (major). [a]p

=-6.31 (c 1.18, CHCI5).

cN Prepared according to general procedure (D) using 30 to
WCN provide the title compound 40 as a yellowish oil (89% yield, 95%
MeO,C
i 4o ee, ee of the crude product. 28% ee of 40 was obtained after

purification by silica gel chromatography). 'H NMR (400 MHz, CDCl3) & 8.10 (d, J =
8.4 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 4.06 (dd, /= 8.2, 6.8 Hz, 1H), 3.94 (s, 3H), 2.64
—2.55 (m, 1H), 2.51 —2.40 (m, 1H), 2.38 —2.19 (m, 2H); 1*C NMR (101 MHz, CDCl;)

8 166.2, 138.3, 131.1, 130.9, 127.5, 118.6, 117.6, 52.5, 36.2, 31.3, 15.2. HRMS (ESI)
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calcd. for C13H12N202 [M+H]" m/z 229.0977, found 229.0971.
HPLC (AD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 85/15, flow 1.0 mL/min,

detection at 214 nm) retention time = 14.42 min (minor) and 16.07 min (major).

CN Prepared according to general procedure (D) using 3p to provide
CN

N the title compound 4p as a white solid (92% yield, 91% ee). 'H

4p NMR (400 MHz, CDCl) 6 8.75 — 8.67 (m, 1H), 8.06 (d, J = 8.2

Hz, 2H), 7.83 — 7.71 (m, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.30 — 7.24 (m, 1H), 4.06 (t, J
=7.4Hz, 1H), 2.65 —2.52 (m, 1H), 2.50 — 2.22 (m, 3H); 1*C NMR (101 MHz, CDCl;)
0 156.3,150.0, 140.4, 137.1, 134.1, 128.2, 127.9, 122.8, 120.7, 119.2, 117.8, 36.0, 31.5,
15.1. HRMS (ESI) calcd. for Ci6Hi3N3 [M+H]" m/z 248.1188, found 248.1187.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 7/3, flow 1.2 mL/min,
20.0

detection at 214 nm) retention time = 24.10 min (major) and 43.66 min (minor). [a]p

=-46.4 (¢ 0.95, CHCI).

oN Prepared according to general procedure (D) using 3q to provide
m CN| the title compound 4q as a yellowish oil (87% yield, 89% ee). 'H

M cl
° 4q NMR (400 MHz, CDCl3) 6 7.41 (d, J=7.9 Hz, 1H), 7.26 (s, 1H),

7.19 — 7.13 (m, 1H), 4.41 (dd, J = 8.6, 5.8 Hz, 1H), 2.66 — 2.47
(m, 2H), 2.36 (s, 3H), 2.35 - 2.16 (m, 2H); *C NMR (101 MHz, CDCl3) § 141.1, 132.6,
131.0, 128.9, 128.8, 128.3, 118.8, 117.8, 33.6, 29.8, 21.0, 15.2. HRMS (ESI) calcd. for
Ci12H1iN2Cl [M+Na]" m/z 241.0508, found 241.0506.
HPLC (AS-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,

detection at 214 nm) retention time = 21.40 min (minor) and 24.09 min (major). [o]p>%°

=27.3 (c 0.94, CHCl).

N Prepared according to general procedure (D) using 3r to provide
C . . ) .
s \©\/\/\CN the title compound 4r as a yellowish oil (96% yield, 95% ee).
oM
ar ° "H NMR (400 MHz, CDCls) § 7.74 — 7.56 (m, 2H), 7.02 (d, J =

9.2 Hz, 1H), 4.37 (dd, J = 7.9, 6.7 Hz, 1H), 3.96 (s, 3H), 2.66 —
2.44 (m, 2H), 2.37 - 2.18 (m, 2H); *C NMR (101 MHz, CDCl3) & 158.7, § 128.0 (q, J
=3.8 Hz), 125.7 (q,J=3.6 Hz) , 123.9 (q, /= 269.9 Hz), 123.8 (q, /= 33.3 Hz), 122.8,

118.8, 117.9, 111.3, 56.2, 31.0, 29.3, 15.4. HRMS (ESI) calcd. for Ci3H11N2OF;
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[M+Na]" m/z 291.0721, found 291.0719.
HPLC (ID, 0.46*25 cm, 5 um, hexane/isopropanol = 9/1, flow 1.0 mL/min, detection

at 214 nm) retention time = 12.08 min (major) and 13.04 min (minor). [a]p***=17.2

(c 0.94, CHCls).

Prepared according to general procedure (D) using 3s to provide

CN
CN| the title compound 4s as a yellowish oil (94% yield, 93% ee). 'H
as NMR (400 MHz, CDCl3) 5 7.93 (d, J = 8.5 Hz, 1H), 7.87 (dd, J

=6.2, 3.8 Hz, 3H), 7.60 — 7.52 (m, 2H), 7.41 (dd, J = 8.5, 1.9 Hz, 1H), 4.17 (t, J= 7.2
Hz, 1H), 2.65 — 2.53 (m, 1H), 2.50 — 2.28 (m, 3H); *C NMR (101 MHz, CDCI3) §
133.4,133.2,130.7, 129.9, 128.1, 128.0, 127.3, 127.2, 126.9, 124.3, 119.3, 117.9, 36.3,
31.4, 15.2. HRMS (ESI) calcd. for CisHi2N> [M+Na]" m/z 243.0898, found 243.0892.
HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 77/23, flow 1.0 mL/min,

detection at 214 nm) retention time = 22.06 min (minor) and 37.34 min (major). [a.]p*%°

=-51.2(c 0.79, CHCI»).

N Prepared according to general procedure (D) using 3t to provide
‘O s cn| the title compound 4t as a yellowish oil (83% yield, 94% ee). 'H
4t NMR (400 MHz, CDCl3) & 7.98 — 7.88 (m, 3H), 7.70 (dd, J=7.2,

1.1 Hz, 1H), 7.64 (ddd, J = 8.6, 6.9, 1.4 Hz, 1H), 7.58 (ddd, J =
7.9,6.9,1.2 Hz, 1H), 7.52 (dd, J=8.2, 7.2 Hz, 1H), 4.77 (dd, J= 8.7, 5.5 Hz, 1H), 2.76
—2.62 (m, 1H), 2.60 —2.32 (m, 3H); >*C NMR (101 MHz, CDCl3) § 134.3, 130.0, 129.8,
129.7, 129.2, 127.7, 126.7, 126.0, 125.6, 121.7, 119.5, 118.0, 33.4, 30.5, 15.5. HRMS
(ESI) calcd. for CisHi2N, [M+H]" m/z 221.1079, found 221.1075.
HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 7/3, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 18.61 min (minor) and 36.99 min (major). [a]p

=31.4 (c 0.94, CHCls).

Prepared according to general procedure (D) using 3u to provide

CN
QE/\/\CN the title compound 4u as a yellowish oil (50% yield, 95% ee). 'H

S
4u NMR (400 MHz, CDCls) & 7.95 — 7.90 (m, 1H), 7.82 — 7.77 (m,

1H), 7.56 (s, 1H), 7.51 — 7.42 (m, 2H), 4.45 — 4.38 (m, 1H), 2.70 — 2.60 (m, 1H), 2.55

—2.39 (m, 3H); *C NMR (101 MHz, CDCl3) § 141.1, 135.9, 127.3, 125.8, 125.5, 125.2,
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123.7, 120.9, 118.6, 117.9, 30.6, 29.3, 15.3. HRMS (ESI) calcd. for CizHioN2S
[M+Na]" m/z 249.0462, found 249.0455.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 77/23, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 35.35 min (minor) and 41.68 min (major). [a]p

=137.3 (¢ 0.22, CHCl;).

Prepared according to general procedure (D), with modifications

— CN
TsN :
) %/\ACN of 5 mol% CuSCN and 6 mol% L1, using 3v to provide the title

4v compound 4v as a yellowish oil (73% yield, 90% ee). 'H NMR

(400 MHz, CDCl3) 6 8.03 (d, J= 8.3 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 3.8
Hz, 1H), 7.35 (t, ,J = 8.0 Hz 1H), 7.30 — 7.22 (m, 3H), 6.78 (d, J = 3.8 Hz, 1H), 4.25
(t, J=7.3 Hz, 1H), 2.63 — 2.48 (m, 1H), 2.37 (s, 3H), 2.46 — 2.21 (m, 3H); *C NMR
(101 MHz, CDCI3) & 145.6, 135.3, 135.0, 130.2, 128.4, 127.7, 127.0, 125.8, 125.2,
122.3, 119.0, 117.9, 114.4, 105.4, 34.0, 30.4, 21.7, 15.3. HRMS (ESI) calcd. for
C20H17N30:S [M+Na]" m/z 386.0939, found 386.0934.

HPLC (OD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 77/23, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 31.39 min (minor) and 34.52 min (major). [a]p

=-22.6 (¢ 1.23, CHCI»).

Prepared according to general procedure (D) using 3w to provide

CN
NWCN the title compound 4w as a yellowish oil (57% yield, 93% ee). 'H
\-S
aw NMR (400 MHz, CDCls) 6 8.76 (s, 1H), 4.29 (t, J = 7.8 Hz, 1H),

2.67—-2.57 (m, 1H), 2.56 — 2.46 (m, 1H), 2.51 (s, 3H), 2.46 — 2.36
(m, 1H), 2.31—2.19 (m, 1H); >*C NMR (101 MHz, CDCl3) § 152.1, 152.0, 123.6, 117.8,
117.4,31.3,28.2, 15.5, 15.3. HRMS (ESI) calcd. for CoHoN3S [M+H]" m/z 192.0595,
found 192.0592.
HPLC (AS-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 8/2, flow 1.0 mL/min,
20.0

detection at 214 nm) retention time = 24.84 min (minor) and 30.82 min (major). [a]p

=-34.0 (c 0.44, CHCL:).
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Prepared according to general procedure (D) using 3x
CN
- N (prepared according to the reported literature®) to provide the
4x title compound 4x as a yellowish oil (82% yield, 23% ee). 'H

NMR (400 MHz, Chloroform-d) & 7.40 — 7.29 (m, 3H), 7.26 — 7.22 (m, 2H), 3.09 —
2.87 (m, 3H), 2.71 — 2.49 (m, 2H), 2.08 — 1.88 (m, 2H); **C NMR (101 MHz, CDCls)
0135.7,129.12,129.09, 127.9, 120.0, 118.0, 38.0, 32.8,27.7, 15.5. HRMS (ESI) calcd.
for C12H12N2 [M+H]* m/z 185.1079, found 185.1070.

HPLC (ID, 0.46*25 cm, 5 um, hexane/isopropanol = 8/2, flow 1.0 mL/min, detection
at 214 nm) retention time = 10.68 min (major) and 11.35 min (minor). [a]p?*°= 5.1 (c

1.06, CHCI3).

The ring-opening reactions of several limited substrates:

Cu(MeCN),PF¢ (2 mol%)

TMSCN L1 (3 mol%) CN
+ > B
Ir(ppy)s (0.5 mol%) CN
blue LEDs, DMAc, RT, 36 h

R = p- CF3CGH4 2x, N.D.
CuSCN (3 mol%)
/N\O)J\R L1 (3.6 mol%) N
+ TMSCN -
acetone, 10 °C, 24 h CN
R = p-CF3CgHy4 4x, 82%, 23% ee
3x

OoN
0 Cu(MeCN)4PFg (2 mol%)

CN
L1 (3 mol% - CN
/N\OJ\R + TMSCN ( 6)
Ir(ppy)3 (0.5 mol%)

blue LEDs, DMAc, RT, 36 h  O2N

R = p-CF3CeHy 2w, trace

1w

Supplementary Figure 271. The ring-opening reactions of several limited substrates
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Mechanism Details

(1) Procedure of the radical trapping experiment with TEMPO:

Ph
0 CN N,
NP Cu(MeCN);PFq, L1, DMAC B CN Q
7 0" 'R + TEMPO — CN
Ir(ppy)s, blue LEDs, RT, 36 h
1.0 eq.
Ph Ph
R = p-CF3CgH, 2a, 0 % 9 58%
1a ’

To a 25 mL Schlenk tube, Cu(CH3CN)4PFe (3.7 mg, 0.01 mmol), chiral bisoxazoline
ligand L1 (5.3 mg, 0.015 mmol), Ir(ppy)z (1.6 mg, 0.0025 mmol) were added in super
dry DMACc (5 mL) under N2 atmosphere. The tube was sealed with a Teflon-lined cap,
then the mixture was stirred at room temperature for 0.5 h. The catalyst solution I was

prepared firstly and used in the next step.

To a 25 mL Schlenk tube containing substrate 1a (0.1 mmol, 1.0 equiv) and TEMPO
(0.2 mmol, 1.0 equiv), catalyst solution 1(1 mL) and TMSCN (0.15 mmol, 1.5 equiv)
were sequentially added under N2 atmosphere. The tube was sealed with a Teflon-lined
cap, and the mixture was stirred at a distance of ~5 cm from a 5 W blue LEDs at room
temperature for 36 h .The reaction mixture was diluted with EA(10 mL). The organic
layer was washed with brine (3>6 mL) and dried over anhydrous Na;SOs. After
filtration and concentration, the residue was purified by silica gel chromatography to

afford product 9 as a yellowish oil (58 %).

Q< IH NMR (400 MHz, CDCl3) § 7.65 — 7.59 (m, 2H), 7.59 — 7.55
N
(@)

QMCN (m, 2H), 7.48 — 7.41 (m, 2H), 7.38 — 7.31 (m, 3H), 4.71 (dd, J =
Ph 9.1, 4.0 Hz, 1H), 2.32 — 2.15 (m, 3H), 2.11 — 1.94 (m, 1H), 1.60

9

— 0.54 (m, 20H); C NMR (101 MHz, CDCls) § 141.8, 140.9,
140.2, 128.9, 128.0, 127.4, 127.1, 126.9, 119.7, 86.1, 59.9, 40.5, 35.0, 34.6, 34.3, 21.5,
20.5, 17.4, 17.3. HRMS (ESI) calcd. for CasHa4N20 [M+H]* m/z 391.2749, found
391.2743,
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Ph

X 2 )
N. : o
2 0" "R 4+ TEMPO CuSCN, L1, Acetone CN
10°C, 24 h CN
Ph
Ph

1.0 eq.
R = p-CF3CeH, 0eq ah, 0%
3h 10,88 %

To a 5 mL Schlenk tube, CuSCN (1.8 mg, 0.015 mmol), chiral bisoxazoline ligand
L1 (6.4 mg, 0.018 mmol) were added in degassed Acetone (1 mL) under N2 atmosphere.
The tube was sealed with a Teflon-lined cap, then the mixture was stirred at room
temperature for 0.5 h. The catalyst solution 11 was prepared firstly and used in the next

step.

To a 25 mL Schlenk tube containing substrate 3h (0.1 mmol, 1.0 equiv) and TEMPO
(0.1 mmol, 1.0 equiv), 0.8 mL Acetone, catalyst solution Il (200 uL), TMSCN (0.15
mmol, 1.5 equiv) were sequentially added under N2 atmosphere. The tube was sealed
with a Teflon-lined cap, and the mixture was stirred at 10 € for 24 h. Then Solvent
was removed under vacuum and the crude product was purified by flash

chromatography on silica gel directly to give the product 10 as a white solid.

IH NMR (400 MHz, CDCl3) § 7.66 — 7.55 (m, 4H), 7.49 — 7.41 (m,
Qﬁ 2H), 7.40 — 7.31 (m, 3H), 4.85 (dd, J = 8.8, 3.9 Hz, 1H), 2.54 —

)@MC“ 2.41 (m, 1H), 2.34 — 2.13 (m, 2H), 2.08 — 1.94 (m, 1H), 1.73 - 0.58
Ph

= (m, 18H); 3C NMR (101 MHz, CDCls) & 140.7, 140.7, 140.3,

128.9, 127.8, 127.5, 127.2, 127.1, 119.7, 84.9, 60.1, 40.5, 34.6, 34.2, 31.6, 20.5, 17.2,
13.4. HRMS (ESI) calcd. for C25H32N20 [M+H]" m/z 377.2593, found 377.2594.

(2) Procedure of the radical trapping experiment with Oz:
Ph

o] CN o]
/N\OJJ\R Cu(MeCN),PFq, L1, DMAC : CN CN
Ir(ppy)s, blue LEDs, RT, 36 h /@/\/v
under air Ph Ph
R = p-CF3CgH4 2a,0 % 11,29 %

1a

To a 25 mL screw-cap sealed tube containing substrate 1a (0.1 mmol, 1.0 equiv),
catalyst solution 1(1 mL) and TMSCN (0.15 mmol, 1.5 equiv) were sequentially added

under air atmosphere. The tube was sealed with a Teflon screw-cap, and the mixture
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was stirred at a distance of ~5 cm from a 5 W blue LEDs at room temperature for 36
h .The reaction mixture was diluted with EA(10 mL). The organic layer was washed
with brine (3> mL) and dried over anhydrous Na SOs. After filtration and
concentration, the residue was purified by silica gel chromatography to afford product

11 as a white solid.

S IH NMR (400 MHz, CDCls) 5 8.08 — 8.02 (m, 2H), 7.74 — 7.68

D)\NCN (m, 2H), 7.66 — 7.61 (m, 2H), 7.52 — 7.45 (m, 2H), 7.45 — 7.38
Ph

» (m, 1H), 3.22 (t, J = 6.8 Hz, 2H), 2.55 (t, J = 7.0 Hz, 2H), 2.15

(p, J = 6.9 Hz, 2H); *C NMR (101 MHz, CDCl3) & 197.9,
146.3, 139.9, 135.3, 129.1, 128.7, 128.5, 127.5, 127.4, 119.5, 36.5, 19.9, 16.8. HRMS
(ESI) calcd. for C17H15NO [M+Na]*™ m/z 272.1051, found 272.1049.

Ph 0
0 eN
/N\OJJ\R CuSCN, L1, Acetone /©/\/\CN /©)‘\/\CN
10°C, 24 h
0°cC, . Ph Ph
R = p-CF3CgHy under air 4h 0 % 12,57 %

3h

To a 25 mL screw-cap sealed tube containing substrate 3h(0.1 mmol, 1.0 equiv), 0.8
mL Acetone, catalyst solution Il (200 uL) and TMSCN (0.15 mmol, 1.5 equiv) were
sequentially added under air atmosphere. The tube was sealed with a Teflon screw-cap,
and the mixture was stirred at 10 € for 24 h .Then Solvent was removed under vacuum
and the crude product was purified by flash chromatography on silica gel directly to

give the product 12 as a white solid.

S 'H NMR (400 MHz, CDCls) 5 8.08 — 8.00 (m, 2H), 7.76 — 7.69

/@)‘\/\CN (m, 2H), 7.68 — 7.61 (m, 2H), 7.53 — 7.45 (m, 2H), 7.46 — 7.40
Ph

.2 (m, 1H), 3.42 (t, J = 7.2 Hz, 2H), 2.81 (t, J = 7.2 Hz, 2H); 3C

NMR (101 MHz, CDCls) 6 195.0, 146.7, 139.7, 134.4, 129.2,
128.8, 128.6, 127.6, 127.4, 119.4, 34.4, 12.0. HRMS (ESI) calcd. for C1sH13NO
[M+H]* m/z 236.1075, found 236.1070.
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Further transformations of the products

(1) Procedure for the synthesis of diamides 5 and 6.'°

CN CONH'Bu
: CN  conc. H,SO, B CONHBuU
/@/\/\/ AcOBU /@/\/\/
Ph Ph
2a, 92% ee 5, 86%, 90% ee
CN CONHBu
~ CN conc. Hy,SO, :
> 4
/©/\/\ AcOBu /©/\/\CONH Bu
Ph Ph

4h, 95% ee 6, 84%, 94% ee

To a stirred solution of 2a or 4h (1.0 equiv, 0.1 mmol) in tert-butyl acetate(0.4 mL) in
a 25 mL screw-cap sealed tube was added slowly conc. H2SO4 (10 uL). The tube was
sealed with a Teflon screw-cap, and the mixture was stirred at 42 °C for 2 h. The reaction
mixture was diluted with EA(10 mL). The organic layer was washed with sat. aq.
NaHCOs3 (2x5 mL) and dried over anhydrous Na>SO4. After filtration and concentration,

the residue was purified by silica gel chromatography to afford product 5 or 6 as a white

solid.
—— IH NMR (400 MHz, CDCls) § 7.61 — 7.50 (m, 4H), 7.43 (t, J
- CONHBu
@M = 7.6 Hz, 2H), 7.38 — 7.29 (M, 3H), 5.48 (s, LH), 5.45 (s, 1H),
Ph
5 3.28 (t, J = 7.4 Hz, 1H), 2.21 — 2.02 (m, 3H), 1.81 — 1.65 (m,

1H), 1.66 — 1.54 (m, 2H), 1.33 (s, 9H), 1.30 (s, 9H); *C NMR (101 MHz, CDCls) §
172.7, 172.2, 140.8, 140.0, 139.7, 128.9, 128.2, 127.5, 127.3, 127.1, 53.6, 51.4, 51.2,
37.4,33.3, 28.9, 28.8, 24.0. HRMS (ESI) calcd. for C26H3s02N2 [M+H]" m/z 409.2855,
found 409.2849.

HPLC (AD-H, 0.46*25 cm, 5 pm, hexane/isopropanol = 97/3, flow 1.0 mL/min,
200

detection at 214 nm) retention time = 8.33 min (minor) and 12.16 min (major). [o]p

=-11.6 (c 1.0, CHCl3).
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conee 'H NMR (400 MHz, CDCl3) § 7.64 — 7.51 (m, 4H), 7.48 —

/©/\/\CONH'BU 7.40 (m, 2H), 7.39 — 7.30 (m, 3H), 5.56 (s, 1H), 5.41 (s, 1H),
Ph . 3.44 (dd, J = 8.0, 6.7 Hz, 1H), 2.45 — 2.27 (m, 1H), 2.25 —

1.96 (m, 3H), 1.34 (s, 9H), 1.30 (s, 9H); 3C NMR (101
MHz, CDCls) & 172.5, 172.0, 140.7, 140.1, 139.1, 128.9, 128.4, 127.5, 127.4, 127.1,
52.2,51.4,51.2,35.2,29.9, 28.9, 28.8. HRMS (ESI) calcd. for C25sH3402N, [M+H]"
m/z 395.2699, found 395.2692.
HPLC (AD-H, 0.46*25 cm, 5 pm, hexane/isopropanol = 97/3, flow 1.0 mL/min,

detection at 214 nm) retention time = 7.41 min (minor) and 16.65 min (major). [o]p*°

=-16.5 (c 1.0, CHCl3).

(2) Procedure for the synthesis of diamines 7 and 8.!!

NHBoc
CN 4
- CN i) BHyTHF, Ny, THF . NHBoc
/©/\/\/ ii) Boc,0, EtzN, DCM W
Ph Ph
2a, 92% ee 7,79%, 90% ee
CN _NHBoc
/©/ch i) BHy THF, N,, THF : NHBoc
ii) Boc,0, Et;N, DCM /©/\/\/
Ph
4h, 95% ee Ph

8,70%, 95% ee

To the solution of 2a or 4h (0.1 mmol) in THF (0.4 mL) was added BH3-THF (0.6 mmol,
IM in THF) at room temperature under N> atmosphere, then the mixture was refluxed
for 3 h. The reaction was quenched by the dropwise addition of MeOH. Then solvent
was removed under vacuum. And 6 M aqueous HCI (~3 mL)was added followed by
refluxing another 2 h. After cooling to room temperature, the solution was made basic
with 6 M aqueous NaOH. Then it was extracted with DCM (5x10 mL), dried over
NayS0q, filtered. After DCM was removed under vacuum, 2 mL DCM, 2.4 eq. EtzN
(0.24 mmol) and 2.4 eq. Boc2O (0.24 mmol)were added. The mixture was stirred for 3
h at room temperature, and purified by column chromatography directly to afford the

product 7 or 8 as a colorless oil.
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_NHBoc 'H NMR (400 MHz, CDCls) § 7.67 — 7.49 (m, 4H), 7.44

@WNHBOC (t,J=7.6 Hz, 2H), 7.34 (t, = 7.3 Hz, 1H), 7.22 (d, J = 8.0
Ph

7 Hz, 2H), 4.52 (s, 1H), 4.46 (s, 1H), 3.63 — 3.44 (m, 1H),

3.26-3.11 (m, 1H), 3.10-2.96 (m, 2H), 2.78 (s, 1H), 1.74
—1.53(m, 3H), 1.52 - 1.35 (m, 19H), 1.33 - 1.14 (m, 2H); *3C NMR (101 MHz, CDCl5)
0 156.1, 141.9, 140.9, 139.7, 128.9, 128.3, 127.5, 127.3, 127.1, 79.3, 79.1, 46.3, 45.9,
40.4, 33.3, 30.2, 28.52, 28.49, 24.6. HRMS (ESI) calcd. for C2sHs004N2 [M+Na]" m/z
491.2886, found 491.2885.
HPLC (AD-H, 0.46*25 cm, 5 pum, hexane/isopropanol = 9/1, flow 1.0 mL/min,

detection at 214 nm) retention time = 9.63 min (major) and 11.64 min (minor). [o]p>%°

=32.3 (¢ 1.0, CHCL).

_NHBoc 'H NMR (400 MHz, Chloroform-d) & 7.57 (dd, J = 14.5, 7.8
DMNHBOC Hz, 4H), 7.44 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.3 Hz, 1H),
Ph . 7.23 (d, J = 8.0 Hz, 2H), 4.49 (s, 1H), 3.62 — 3.42 (m, 1H),

3.30-3.13 (m, 1H), 3.15-2.96 (m, 2H), 2.80 (s, 1H), 1.77
—1.67 (m, 1H), 1.66 — 1.52 (m, 2H), 1.52 — 1.31 (m, 19H); *C NMR (101 MHz, CDCls)
0 156.1, 141.6, 140.9, 139.8, 128.9, 128.3, 127.5, 127.3, 127.1, 79.3, 79.2, 46.3, 45.6,
40.5, 30.6, 28.5, 28.5, 28.0. HRMS (ESI) calcd. for C27H3304N2 [M+Na]" m/z 477.2729,
found 477.2723.
HPLC (OD-H, 0.46*25 cm, 5 um, hexane/isopropanol = 19/1, flow 1.0 mL/min,

detection at 214 nm) retention time = 17.83 min (minor) and 21.48 min (major). [a.]p>%°

=32.6 (c 1.0, CHCL).
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