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O l LR |:> Stereo & electronic effect

Chiral |::> Bofunctional grou
backbone O/P et

i ‘ 'R |:> Stereo & electronic effect

ELFBINOL & 8H-BINOLBZBAIF 1Hi4ES

SO

>p2> =>p
oyttt Ot ™
Angew. Chem. Int. Ed., 2016, 55, 1299; Chem. Sci. 2016, 7, 6060
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WolffEEHER R

Diels-AlderzR

R (% + '

TONGJI UNIVERSITY

N2 Me

Ar}%\/ Me + RIRZNH catal. (R)-C7 y

B # Ar” “CONR'R?
0

38 examples
up to 98% vyield

@ Asymmetric Wolff rearrangement
up to 97% ee Cy

@ Bifunctional phosphoric acid catalyzed

Zhou, Q.-L. et al., Angew. Chem.Int. Ed. 2023, 62, 2023081

OYCFS :<EWG OYCFa EWG CPA j\
HN 2 R2 HN. -~ o Rz (5mol%) oHN CFs
Seek
R]‘i‘j* EwG CPA (5 mol%) R]; then OH OH ‘/\l/\H,*EWG
R1 R1 Ar1 R1
3 1 4 Ar 5

CPA = chiral phosphoric acid
Zhu, J.-P. et al., Angew. Chem. Int. Ed. 2023,62, ¢2022149
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Cpr X0
ke m

_(5,511DPi2d 6 mol%)
CHCE _RT,24h

Wagner-MeerweinZEHE %

(5,5)-1DR
e
O\\;P Q\\;P CH
2-Np" NH N7 2 -Np*
CH, , %N/F’
"Hex
{IDPi 2d = HX)
3a’ Protonation
—HX

CH, s XI\_ x CH
Hex Deprotonation "Hex B Hex - e
. CH
U 3 4a’ I 1}

HX
Ring

expansion

R (% + 5

TONGJI UNIVERSITY

B A R AFERE AL B 49IDPIEAL
A, A S R IR Fext w0,
FARE I A 1) IDPi#g 32 B AE M 12
AL % = 2Um T, d R AL AR 69
Sig W uk, 2) IDPIE ARG A FHE
FE IR B T 42 k) THEGG AR,
w ELAR 9544 & F HE S AR F B ax 49 2% IE
BT PR, A R AL R
AT & RORL 69 K

List, B., et al., Nature, 2024, 625, 287

$5 MW



W FRE R R R @) i 4 %

TONGJI UNIVERSITY

Friedel-CraftsfRRi: Org. Lett. 2018, 20, 590—593; Org. Lett. 2018, 20, 26892692
MannichBzRZ: Tetrahedron, 2016, 72, 3687-3700; Adv. Synth.Catal. 2008, 350, 399
BiginellifZRZ: J. Org. Chem. 2008, 73, 7651; Synthesis 2018, 50, 23942406

YIRS EEFBRM: 1. Org. Chem. 2018, 83, 2779-2787; Angew. Chem. Int. Ed. 2006, 45, 4193
AXIFRPictet-SpenglerRML: Org. Lett., 2011, 13, 5636-5639
AXFRRobinsonEIR R Eur. J. Org. Chem. 2012, 4508-4514

@AZe-PinacolETHERMNI: Angew. Chem. Int. Ed. 2017, 56, 9217 —9221
FZe-WackergfbRRM: Angew. Chem. Int. Ed. 2018, 57, 1995 —1999

HeckRRM: Angew. Chem. Int. Ed. 2017, 56, 5806 —5811  +eeee

7



O e
‘ =|a§/l\g7n: 'E)NG{{;ZNIV*E‘RSIJ%
EFEATITRILHEINR - BRI R A

Catalyst JS\ ;'yr
/;g’"e \é _ (10mol%) ,l\ m" Ph | o
N

D
Me

e e e arh

CF; I1:X=0 OMe il

s " W F'h
M/rr\js\m + i:;a catalyst (10 mol%) H:?}b: /.i\ ]:"\T \@/‘ p —{L D NH HH-%L

1a (Ar = 2-quinohyd) 2a Xu I

Ii
W X=

8
o

Angew. Chem. Int. Ed., 2016, 55, 1299; Chem. Sci. 2016, 7, 6060
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We=rE .. nmrs

o 0 O 0
ATIFRIEIE R R { _goman b 1)
M A \\ FsC : N
MBI 05 y 0 p Etzo 25°C F?\_/\n’
)=/ 4 CF; O 7
R
Entry R (7) t[h]  Yield [%6™  ee[%]9  d.r
1 CeH; (7a) 24 82 98 >99:1
2 4-FC,H, (7b) 24 78 97 >99:1
3 4-CICiH, (7¢) 24 83 97 >99:1
4 4-BrCH, (7d) 24 86 98 >99:1
5 4-CH,CH, (Te) 24 88 98 >99:1
6 CH, (7f) 72 77 98 >99:1

( f\«’L T’ R'
0 HO & Vs "‘1:(
= o,y CF S 0
NLR1 X RE@&D CAT-3, (10 mol%) ~"3 R2 —:(:I;x:.g
SN -

Et,0, 20 °C
E R 9 Rs 10

Angew. Chem. Int. Ed. 2012, 51, 10069; Angew. Chem. Int. Ed. 2013, 52, 6666. %8 @
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B DPzE TR

0 0
XN DPZ DPZ : I N
R'—- 0 _ (0.5mol%) (0.5mol%)
Z N = 3Whblue LED 3Wblue LED N?
Rz LiBr, O, CSQCO3, 02
(R*=H) (R', R R® = H)
o)
0 DPZ N gl W DPZ
N R3 L (0.5mol%) " ~N (0.5mol%) _ RI_IL = H
R N/ OMe 3Wblue LED R2 3 W blue LED - N,R2
b2 MeOH, O, R3 = alkyl, aryl, H K3POy, O, A
0~ "R3
DPZ DPZ
(0.5 mol%) (0.5 mol%)
3 W blue LED 3 W blue LED /]\
CF3;CH,0H, O, K3POy, O,

5 weo—< | on
! S | A

: s N/:[CN
MeO \ |

E) fF & F

ACS Catal., 2016, 6, 6853
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S SN"cN
\

f

MeO

MeO
DPZ
(0.5-1.0 mnl%}__

Chiral Brensted acid or base
(10 mol%)
R'sN, 3 W blue LED

HO, H

Ar/<[|’ﬂ

O
up to 98% ee
or

H, NHAr

Ar »
0
up to 90% ee

& 2 F

Angew. Chem. Int. Ed. 2017, 56, 13842
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0 0

R (% + 5

TONGJI UNIVERSITY

H
Ar’N\)J\OH+ R)J\EWG

Activated ketone varieties

Meo—< |
See
S SN“CN
MeO— | EWG R
(DPZ) ArHN on
SPINOL-CPA
3 W blue LED up to 97% ee

;Ses‘ected broactwe molecules and naturaf products

o 0 HO Ar
ArJJm’Ar — ArHN/\QJ\Ar N /%\ /\‘N/%\ N R
o} AF OH | \=x Ar \—=x Ar OH \::-x HO Ar
up to 97% ee | L Oral antifungal activity B
"""""""" OAHNSHO"’H2
r — 1
| HN
29 i HQ N)\\SMB © / o)
o — O : H N
R \ i N
Boc Boc i 3 NH
i Boc NR
up to 94% ee E Dioxibrassinin Nervous system agents IDO inhibitors
Chem. Sci., 2018, 9, 8094

E) fF & F
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{‘@j;{[nh::z} N B ) 38 1 VT LR AT ARE AL

)I-)'

R
= + A\"ﬁ A
e S T T,
-5 SWqueLED . .
up to 97% yield ﬁiliﬁ&']ié\ﬁko 3:%1 TDPZJ%
up to =99% ee

F 0 BB U B) R AT ARAEALAR R

B) Plausible mechanism

N > ] >
AHN"~COOH AHN"~COOH— AN~ ~COOH BT By BB Ao S F
1 \'/‘\/é ‘l%\‘j. , H’K ’é,.ifh:
i DPZ___;\% // l-m= feipte, Wit F MR G A4
% R A RUR T 89 248 2 AE
AN

A, SRILT AR T R A

DF‘Z
| FHFO, HREERL K
HZ AR A RIL T AR R
H R +H*

STHRREFTRF LSS
R QA

enantioselective ‘“*FHN

ArH N protonation
N

|
N
3 o 0 4o
Fhﬂ

J. Am. Chem. Soc., 2018, 140, 6083 Z£12 @
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0.5 mol% DPZ
8.0 mqi% c1 =
N\/ R2”H 70mg 3AMS NW
CHCIy/CgFsH = 4:1 H OH
1 2 (1.5 equiv.) -50 °C, 3 W blue LED, 65-76 h 3

L0 QT

H 0H H OH
3a: 90% yield, 90% ee 3b: 75% yield, 90% ee 3¢: 70% yield, 90% ee 3d: 72% yield, 90% ee
3e: 61% yield, 88% ee 3f: 56% yield, 91% ee 3g: 57% yield, 87% ee 3h: 60% yield, 90% ee
R
[ B
Me N . O
H OH H OH H OH
3i 77% yield, 90% ee 3j: 64% yield, 88% ee 3k: 74% yield, 95% ee 31: 89% yield, 92% ee®
Me F
\ Ph | N |
o
b N
H OH
PR H ‘OH
3m: 65% yield, 89% ee 3n: 70% yield, 85% ee 30: 50% yield, 88% ee 3p: 3% yield, 90% ee®
RI
X ! i unsuccessful 2-wnylpynd|nes N
| : =4-Br ! =
Z H A4 R'=6-Me
N H 1= Y
H ‘oH PR )P R :g: R'=6-Br H OH
I W _ R!=6-OMe
3: R' = Me, 54% yield, 75% ee =5Me 3s: 92% yield, 81% ee®

3r. R" = MeO, 63% vield, 78% ee?

oy
R % 5

TONGJI UNIVERSITY

4
MeO )Y CN
S | A
MeO \ I
DPZ
Ar
0 C1: Ar = 2,4,6-PrsCgH,

p?°  ©2 Ar=35Ph,CeHs
o “OH C3: Ar = G-anthryl

(o] 0
HE-1: R = (BuO
R ] R HE-2 R=EtO
Me H Me HE-3: R = Me

E) fF & F

J. Am. Chem. Soc., 2019, 141, 5437.
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0.5 mol% DPZ
8.0 mal% C1
» ﬁ o 2.0 equiv. HE-1 . 'ﬁ )
%Nh‘-‘&-:‘ R';J'LH:! Tomg 3 AMS HNWR
GHCly, -5 °C R* "OH
1 4 (1.5 equiv.) 2 x3Whblue LEDs, 1T h ]
mef OH me’ OH wd BH

Ba: BE% yield, D4% ee”

e

-
N ; Br

me OH

&f: 85% yield, 92% ee

S

-

N " OMea
Me OH

5] 7% yield, 92% e

Me

Me deH

Bn: 57% yield, 92% ee

Bb: 65% yiald, 92% ee
= Br:
P
N -,
Me OH

Bg: 50% yield, 91% et

me oH
Bo: 52% yield, B6% ee

X =Gl Be: 54% yiald, 88% ee
X = Br, 6d: 63% yiald, 93% ee

o™

me DH

be: T3% yield, 80% ee

(\”L/?QHQ‘

Bi: 51% yield, 90% ee®

8h: 51% yield, 54% ee®

4 OH

51 64% vield, 91% ee®

Sp: 40% yield, 191 dr®

F) 4 + F

TONG I

4 IINIVFRSITY
ﬂ.SmI%DF'Z

Ar., 20,0 mol% C3 =
= .
R'@ N ,'Tk 25equiv HE2 R —Lg\ﬂ R2
N~F RE” gd For 6: toluene, -50 °C N’ .
6 Ar= 4-E1OPh 3 W blue LED, 80 h R NHAr
R? = H (2.0 equiv.) Far 7: toluene, -5 °C
! 7: Ar = 4-E1OPh 10mg 4 AMS SRR
R = Me (2.0 equiv.) 2% 3Whblue LEDs, 39 h

H NH.-!'u' H NH.ﬂtr

Ba: 65% vield, 80% ee
= Cl

L

M

%
Mg MHAr

Me NHAr

b BB yield, 93% ee 9e: 62% yield, 2% ee

N
| . N
N N

Mg NHAr 1 NHAr

9f: 56% yield, =99% ee 8g: 76% yield, 95% ee

Ohde
OMle =
|
N 4
Me NHAr Me NHAr

9j- 85% yield, 87% eel 9k: 53% yield, 80% ee

8b: 61% yield, 56% ee

Br %
L.
M % Br
NHAr NH.ﬁ.r

Mé NH.ﬁr

Be: 54% vyield, B1% ee Ba: 65% vield, 92% ee

9d: 51% yield, >09% aa Be: T29% yield, B7% ee

OMe

e NHﬂ.r

9h: 50% yield, 91% ee 9i: 55% yield, 96% ee

H NH.M Me MHAr

9l: 95% yield, 81% se® 9m: 55% yield, #0% e

E) fF & F

J. Am. Chem. Soc., 2019, 141, 5437.
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TONGJI UNIVERSITY
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A) Pinacol coupling reaction of 2b

CHO viik
D’ 15 equiv. HEA PhO, O
CHCIy/CgFsH = 4:1 (2 M) PhG OH C34
FasT o (0.1 25°C, 48h  F,c OH 16
entry wavelength of 3 W blue LED 0.5 mol% DPZ 10 mol%: C34 yield of 16
1 410-510 nm no no 15%
2 410-510 nm with ne 55%
3 410-510 nm no with 37%
4 410-510 nm with with 70%
5 474-505 nm with with 0% (no reaction)
o Photocatalyst (1.00 mol%) OH
| La(OTf)3 (200 mOlo/o)
& Z | X bpy (40.0 mol%) N
~N Hantzsch Ester (2.00 equiv) | _N
e - MeCN (0.100 M), 23 °C, 1 hr o
2.00 equiv 1.00 equiv SW biue LED

3] % 42 J. Am. Chem. Soc. 2017, 139, 5003. %15 @
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B) Transformation of 1a with 2b
CF,
CHO =
(‘ﬁ\/ N 15equv. HEA [
PN 35mg3AMS N
N FsC 9
CHCI4/CgFeH = 4:1 H OH
1a (0.1 mmol) 2b (1.5 equiv.) 3 Wblue LED, 1 h 3b
entry 0.5 mol% DPZ &.0 mol% C1 temperature (°C) yield of 3b ee of 3b

1 no no 25°C 5% (48 h) NLA,
2 with no 25 °C 60% (18 h) MN.A.
3 with with 2590 86% 76%
4 no with 25 o0 B84% T75%
5 no with -50°C 0% (no reaction, 70 h) N.A.
6 with no -50°C 0% (no reaction, 70 h) NLA,
7 with with 50 °C 75% (70 h) 90%
gd no with Epoc 0% (no reaction, 70 h) MNLA
g° with with -50°C 0% (no reaction, 70 h) N.A.

*HE-3 instead of HE-1 was used. "The emission wavelengths are from 474 to 505 nm
Note: Product 16 was not detected in any of the reactions. The results in entry 7 can also be found in Table 2.
C) Transformation of 1a with HE-1

S
S 15equiv HE4 (| N,
NP~F CHClCFsH=41(@2M) N T
25°C, 48 h &
1a (0.1 mmol}  yithout or with DPZ not cbserved not observed

3] ‘H’ s ;7]\]; J. Am. Chem. Soc., 2019, 141, 5437. %16 @



W ey - (R RO

A)

(=1

intA -0.6 kcal/mol

o
il O@I:\.*

Q 3o H'
fp§0

o

intC 0.1 kcal/mol

TSB 2.4 kecal/mol

-1

20

e

R &+ %

TONGJI UNIVERSITY

ent-3a
+

C1-H

= -80.5 kecal/mol

intB -4.4 kcal/mol

intD -5.4 kcal/mol

3a
— +
C1-H
-80.5 keal/mol

E) fF & F

J. Am. Chem. Soc., 2019, 141, 5437.
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B)

f\'ﬁ*a

R1
'HE + X=’< ,
R

o} (o] (o] O
R R R R
Me”™ "N” "Me Me”™ "N” "Me
H H
HE HE

F) 4 + F

TONGJI UNIVERSITY

E) fF & F

J. Am. Chem. Soc.,

2019, 141, 5437. %18 |



W TR E R R R R EL AT Y
JFSUF\C(SP3) HZE &t

@r&w@r&—

H (Er=58.5
1b:R = Me(E-r 53.2 keal x moIJl
1c: R=Bn (E;=56.1 keal x mal™")

/@/\‘H

\

[

1d: R = Ac (E;= 65.1 keal x mal™)
1e: R=Ts (E;= 61.8 keal x mol™) |
SET

HAT

P

< 0O
0.C,
J o= F‘b St

£y -
fo) + H
N
R m

Qo

o

(Chiral acid) %

[\ R

o
@<=ty
| | A~
Radical coupling N g

with Il (Chimlacid) R

Y

Y

Sy

R %+ %%

TONGJI UNIVERSITY

& 2 F

Nat. Commun., 2019, 10, 1774.

F19 I



A RFIRENF R R REGTEMN  (@P A+ %
AXRC(sp3) -HIZERE

20 mol% La(OTh),

= Ry 22mo% L1
R-- 0 + 2 A @
e Ar R 140 mg 4A MS, PhCl, 25°C
:I's 1 argon, 3 W blue LED, 48-60 h
Ts ! :
Ts Ts
2e: 58% yield, 98% ee 21: 80% vyield, 94% ee  2g: 50% yield, 93% ee 2h: 52% yield, 97%: ee 2i: 55% yield, 97% ee 2j:54% yield, 97% ee 2k: 52% vyield, 83% ee
(76% yield, 97% ee)® (86% yield, 96% ee)  (56% yield, 97% ee)  (69% yield, 89% ee)  (87% yield, 94% ee)
Ccl tBu
Ts Ts Ts Ts Ts Ts

2I: 69% yield, 97% ee  2m: 55% yield, 97% ee  2n:43% yield, 94% ee 20: 49% yield, 92% ee 2p: 65% yield, 92% ee 2q:51% yield, 96% ee 2r: 78% yield, 97% ee

(3% yield, 63% ee) (64% yield, 95% ee) (52% yield, 97% ee)  (59% yield, 97% ee)  (56% yield, 74% ee) (82% yield, 93% ee)

Ts Ts Ts

2s: 45% yield, 92% ee 2t: 36% vyield, 97% ee  2u: 56% yield, 78% ee 2w: 65% yield, 87% ee 2w: 46% yield 2x: 59% yield 2y: 429% yield

(82% yield, 97% ee) (71% yield, 96% ee) (71% yield, 50% ee) 98%, 98% ee, 1.5:1dr 99%, 90% ee, 1.221dr 96%, 95% ee, 1.3:1 dr

(71% yield (59% yield

97%, 98% ee, 1.4:1 dr) 98%, 81% ee, 1.3:1dr)

Nat. Commun., 2019, 10, 1774. 20 |
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FIIFRC(sp3) - HZE 8k

0O 0 R

GHQ. Ar

R 20 mol% CPA-1 . R2
gz 80 mg 4A MS, =5 °C

argon, 2*3 W blue LEDs GG 7

Ta: 60 h, 51% yield 7b: 60 h, 40% yield 7ec:60h, 42% yield 7d: 60 h, 85% yield 7Te:60h,76% yield 7f 60 h, 76% vield
0% e 88% ee 85% ea 83% ea T0% ee 67% ee

Nat. Commun., 2019, 10, 1774. =21 |
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b) Design plan: Radical-based olefin difunctionalization

3 P i %

TONGJI UNIVERSITY

0
I
HN
c} Ar\g radical addition Ar | 7| radical addition
= + WS @ e - =
N HN N

. 5 R
o A A e
: H-B* PC: -  +e
| E hotoredox catalyst !
; ; photoredox catalys ,
AL‘ + Ar' /A (FC) 2 AE, NHAT
M N chiral Brensted acid M
R H catalyst (H-87) R
_._

ik WEIEFEE, o-BRFRERERERHINER
e, SRR VS BREN

- J. Am. Chem. Soc. 2020, 142, 19451.
lﬂ'ﬁ‘%jf‘ m. Chem. Soc , 142, 500 T
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W sSnTHhOnARES R o i 4 %

- 208 o

DPZ
‘NHAF
0 All-Carbon quaternary stereocenter 46 examples
0O Azaarene-substituted cyclopentanes up to >99% yield
O Radical-based olefin difunctionalization  p to 96% ee
O Straightforward up to >19:1 dr

O Redox neutral
O Broad substrate scope

J. Am. Chem. Soc. 2020, 142, 19451.
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SERFIEROCRERRS

¢

IERITEE

DPZ (0.5 mol%)
6d (20 mol% = _R'
( ) Q\(\,R
Et,0/CPME/enzene (1:1:1) NZ
-60 °C, 3 W blue LED ‘NHAr 3
argon, 60 h
<:::> CF3 F C| Br
=/ @ o O O
90 o0 OO 90 y
% \ \
’Nth N~ % N 4 7 N7
NHPh NHPh NHPh NHPh
3a: 82% yleld 3b: 98% yleld 3c: 82% yleld 3d: 84% yield 3e: 94% yleld
91% ee, >19:1dr 90% ee, 14:1dr 88% ee, >19:1dr 90%ee, >19:1dr 90% ee, >19:1dr
Me OTf

Q_
2y e

HPh NHPh

\\

3f: 92% yield
93% ee, >19:1 dr

3g: 66% yield

e,
ST
| Nt

96% ee, 4:1 dr

@ O
—_—
-0@
\ .
N7 'E

“

NHPh
3h: 84% yield 3i: 76% yield
81%ee,>19:1dr 81%ee, >19:1dr

O
Sy

NHPh

3j: 93% vyield
80% oe, >19:1 dr?

O
ST
., NS

NHPh NHPh

3k: 80% yield 3): 85% yileld
90% ee, >19:1 dr* 86% ee, >19:1 dr

Ph

20
)

-
Q, Y
NHPh

3m: 66% yield
90% ee, >19:1 dr

R %+ %%

TONGJI UNIVERSITY

P ph_Br
A V. % N V4
3 N HP

\
NHPh NHPh

3n: 76% yield 30: 95% yield
87%ee, >19:1dr?  90% ee, 14:1 dr

\
O‘Q Q‘QC, QQB,Q‘QOMG ,

‘NHPh ‘NHPh

3p: 82% yield 3q: 77% yield
86% ee, >19:1 dr 89% ee, >19:1 dr¢

NHPh (

3u: 70% yield 3v: 54% yleld
B87% ee, 15:1dr* 639 ee,1.2:1 dr

NHPh

‘NHPh

3r: 78% yield
92% ee, 13:1 dr¢

-
,‘,/

NHAr

‘NHPh NH

3s: 73% yield
81% ee, >19:1dr

3t: 57% yleld
95% ee, >19:1 dr®

3w: Ar = 4-MePh, 85% yleld
88% ee, >19:1 di?

3x: Ar = 3-FPh, 55% yield
91% ee, >19:1 dr®®

3y: Ar = 3-MeOPh, 90% yield
87% ee, >19:1 dr®

3z: Ar = 2-EtOPh, 74% yield
90% ce, 6:1 dr

E) fF & F

J. Am. Chem. Soc. 2020, 142, 19451.

%24



SERF RO RREIRE ELLEK:

TONGJI UNIVERSITY

DPZ {0.5 mol%) At
AP HN ; f) 6d (20 mol%) 4
- Ar
EtOCPME/benzene (1:1:1} % X g
-B0 °C, 3 W blue LED kA
argon, 50 h
X X

@ @ @ye FQN °

X HP, NQMB / \
8a: Ar' = Ph, 87% yield 8c: X =Cl, >88% yield  8e: X = F, 92% yield 8g: 70% yield _@ NHPh . NHPh
93% ee, =191 di* 891% ee, =19:1 dr 92% ee, =191 dr 96% ee, =191 dr NHPh ©
8b: Ar' = 2-McOPh, =99%  8d: X =Br, 82% yleld  8f: X = Cl, =99% yield 81: 80% i ) . ] .
. : _ . : 80% yield 8m: 90% yield 8n: 77% yield 8o: 81% yield
yield, 91% ee, >18:1 dr 9:1% ee, =191 or 91% ee, >19:1 or 7% ee, >19:1 dr 93% ee, >19:1 dr 87%ee,>19:1dr  80% ee, >19:1 dr’
e & OTF Br

RS S N~ Ss S s S A e
%NHF‘ @ I"-.IHF' @ NHFh\_D Qﬁ;—;’,h‘_@ O;P(h—? QY QBE"EJ -‘N Fe‘ th

NHPh Bt: 83% yield

8h: 95% vield 8i: 05% yield 8]: 86% yleld Bk: 62% yleld 8p: 80% yield 8q: 82% yleld 8r: 70% yleld 8s: 82% yleld 91% and 92% ee
B2% ee, >18:1 dr B8% ve, >19:1 dr® 91% ee, >1%:1drf  B1%es, >19:1 dr® 91% ee, >19:1dr? 90% ee, >19:1 dr¥ 92% ee, >19:1dr¥  94% ee, >19:1 dr¥ 1.5:1dr"

J. Am. Chem. Soc. 2020, 142, 19451.
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IE:l'ﬂfl'j.cr

Moo =] O b e b =

—
Ll =

=t
()

DPZ (1.0 mol%)
1 (20 mol)

[ f\[@ HE=1 {1.2 equiv) -
F'")J\“’ N 14Bu-35-MePh, 25°C
2

3W blue LED, 60 h

variation from the standard conditions

none
C2 instead of C1

C3 instead of C1

HE-2 instead of HE-1

HE-3 instead of HE-1

iPr,NEt instead of HE-1
[Ir(ppy),(dtbbpy) | PF, instead of DPZ
eosin Y instead of DPZ

no C1

no DPZ

no light

air

€1 Ar = 2 44Bu,0gH, HE-1: R =
G Ar = IHBu--ENCH, Rﬂ R HEZ R = rBu PH
H €3 Ar = 2 6-Me,4-BuCgH, Ma HE-3: R = Et

;.rield" (%)

73
51
trace
63
60

N.R"

41
29
N.R.
o
N.R.
o

ee” (%)

90

52
N.A.“4
86

838
N.A.
57

838
N.A.
N.A.
N.A.
N.A.

F) 4 + F

TONGJI UNIVERSITY

E) fF & F

J. Am. Chem. Soc. 2021, 143, 4024.
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o
M o o M M
Phi M M Fh™ 72 M Ph™ "7
B | B Ph | PR é |
H # | £ | = H E | =, H
H H H
3 v, O -/ O 42
F cl ]
Fs: GE% yiekd, B0% an 3t 7% yiekd, 91% aa® Ju; GE% yiekd, B0% an dv: BA% yield, 31% ee Iw: BO% yiekd, 907% ae” 3 G0 yield, 83% on®
O] VIR resSpestl (0 GZiineriis = o s v s s s s s s s R R s
a ] . ] [a]
H L] Q
i M M
Ph 3 " P 3 Rl N6 M | y; I
. | M PE 7 T y; | ot Y P H
E 4 X3 Ok
By 55% viekl, 50% aa® 3z 57% yiald, 88% ee” Jaa; 55% vield, 90% ea” 3ab; 52% yield, 91% aa” Jac: §1% yield, 93% ee® Jad; B4% yiald, 93% ea®
o a] o Ma
N M M
pS | > | .L@
e ik
By
3ae: 35% yield, 90% se’ Jaf: 45% yield, 2% ea 3ag: 60% yield, 90% ee 3ah: 52% yield, 92% e’ 3al: 63% yiel, B2% ea” 3a|: 63% yield, BE% ee”

D) With respect ko cychc kelanes -~ - - - c-mmmmm e e e

DPZ (1.0 mal%}
Cd (20 molt)

o o H Q H O " o pL‘
. ﬁ\lg HE-4 (12 equivl ot B ; - 1 f”ﬁ} \/\hjl@
M (DVLighium lactate (2.0 equiv) V@ N N |
bt bt o
5 2 &

1-4Bu-3,5-MePh, 107G
3 W nlue LED, 96 h

Ba: 5% yald, 80% ee Bb: §0% yield, 30% ea’ Bo: 47% yiald, 85% ee/

3] % I iﬁi J. Am. Chem. Soc. 2021, 143, 4024. %07 @
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DPZ (1.0 mal®)

o " ©1 (20 mol%) O R_H
RE " HE=2 1.2 equiv) R
R! I ar - P I ar
N 1-fBu-3,5-Me Ph, 15°C R W M

3'W blee LED, 20260 h

o]

o] o
. Pn, H P, H - Ph, H
PH H N' o l='|-i"’r H NI ol P'h"'r H Nr

Ba: 32% yiald, 9% aa Bh: 80% yield. 98% ea Be: 95% yiald, 99% ee
12:1 dr Tdr Tdr

9 pa, M B ph M
Hem M
| & |
PH’ M FH H M
Mely

Bd: 91% yiald, 959% ae Be: 879, yiald, 95% aa B 67 % yiald, #9% ae
10:1 dr 1221 ar 1211 dr

o]
Ph. H
cl £

a Ph, H 0 pp M L M
PR PR PR
\ |
i
al 7 M 4

Bg: 85% wiald, B8% ea Bh: B2% yiel, 99% ea Bi B1% yield, 99% ee
12:1 dr 1621 dr B:1dr

I.'-'-"\;?__m
[ O Ny 4
Q LY \\"' fH
P i~ |
FH H
pr M
B B7% yleld, 97% ee

Bl 80% weeld, B3% aa BE TE% yield, 99% ee
TAdr 151 dr 4:1 dr

Cl

cl I

b =
(] . .'Ill ||:I
S A H wAM
Fh
P N' . hl

R %+ %%

TONGJI UNIVERSITY

v H My
DIBAL-H DEAD, DPPA MG
Phi 7 I — ®»Ph7E p;
Ph H M L ':H?'l:|2 F'Ph3, |:CI|UEIF‘|EI =T H
-0 °C, 30 t, 18 h
3a: 90% ee 9; BB% yield, 90% ea 10 93% yield, 91% ee
=201 dr =201 dr
- MEE PdCly fcal), EtySiH
THF, =15 °C EtOH, r, G h
Bn. &
£ 1 = DIBAL-H = diigobutylaluminum hydnde
Fh H H_ = DEAD = diethyl azodicarboxylate

DPP& = diphenyl phasphoryl azide

12: 92% yield
S0% ee, =201 dr

11. 88% vield, B8% ea

& 2 F

J. Am. Chem. Soc. 2021, 143, 4024. 08 T
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A) Deuterium-labeling experiments
DPZ (1.0 mol%)
o C1 (20 mol%) 0 D?
x @ :
o Ph 4+ AO HE-1 (1.2 equiv) - ‘ R - ) ;
N  1-tBu-3,5-Me,Ph, 25 °C AN NI 3 of\o
g 5 D,0 (x equiv) " AGsol o;p:
a a a /
3 W blue LED, 60 h (kcal/mol) T81.4 W o 3 W
reductant | equivof DO | yield of 3a(%) | eeof3a(%) | D'(%) | D?(%) p— O‘Tf.—,:—~._ )
15.93 Ll i
HE-1 25 36 76 51 0 il
HE-1 250 29 70 88 0 il /-\\ *
o 0
I.P‘.
4,4-D,-HE1 0 70 90 0 g5 TS1 o \ox
W,
B) Relationship between ee values of C1 and 3a C) Reductive debrominative protonation m o, _ f" ';l A
E 9 - . | e 4 =
0.888x - 5.428 : Ph” & = 0 0
100 4 y = 0.888x - 5.42 ! PR H N
R* =099 : N. 2 0" O =y
o ; ctStandal;th_ 3a, 73% yield c“’M o \ / \
- reaction conditions 90% ee Nl o N
: 1a + 2a _— . Pm Ph p \
, : Ph Ph i ». O
= 60+ ‘ (2:1) o A o’/P\o
g ; 0 0.00 W W [
7] i — ot Ph N A
% 0 ; Ph Ph | = ol -0.21
13, 35% yield I Ph h i
il : 29% ee, 19:1dr (1a* + 7a + CPA)
2 Standard Q
0 : " . - . : ph&P h' reaction conditions Bh )LLS%Me
™ LN -
I R TR - e S A RS AR FR A
ee (C1 : |
; 14 Me N__= 16: 85% vyield
: 16 12% ee
_ : J. Am. Chem. Soc. 2021, 143, 4024. ==
5] fF 3 F£29 W
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AGgg °.
(kcal/mol)
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*DPZ HE
| \ (
L SET
® 0 o o 0 Q o o o
PyH 2 : ;
RO OR" RO orR RO™ N7 " OR o0\~ _—
|| || @ |
Me” N7 “Me Me” "N~ Me Me™ "N° "Me Me” SN “Me
DPZ DPZ"™” H H H
HE HE" pyH® Py
0
R,l‘\’rRz PCET [P R 1%
; ) R2
1 WPy or 0P ﬁ—\‘ I radical enantioselective
Ar addition rotonation
v %% o—n-d - R Sands
R H-M_O‘__ i
. @ Py “.P“‘OR RO=P-0O-- H"“N/ CPA
T Ar with CPA or PyH I RO |
217 N Aternary transition state
: J. Am. Chem. Soc. 2021, 143, 4024.
@ 2 F $31 W



W AN ERE R R

\DDO'-—-]O\Q‘\-PQJMI—-\%

—_— =
=]

—
L

o DPZ (0.2 mol%)
1(0. iv), HE-1 (1. i o)
& ier + NC = C1(0.15 equiv), (1.0 equw‘}‘: y IN
s N DME, pyridine (1.0 equiv) a
3 W Blue LED, -20 °C, 60 h :
1a 2a 3a iPr
Ar
meo—< N._CN .C i i
S = 0. A RO OR
s, s | L | |
MeO N” “CN 0 C1: Ar = 9-phenanthryl Me Me
\ C2: Ar = 9-anthryl H
DPZ

Ar

alteration to conditions

None

C2 instead of C1

C3 instead of C1

Et;N instead of HE-1
[Ru(bpy);]Cl, instead of DPZ
Ir'" instead of DPZ
3DPAFIPN instead of DPZ
no DPZ

no pyridine

no C1

no HE-1

no light

under air

C3: Ar = 4-pyrenyl
yield (%)"
78
52
57
12
38
93
84
13
28
91
N.R.
N.R.
N.R.

HE-1: R = nPr

ee (%) a3
a0
43
63

73

91
91
N.A.
NA.
NA.
N.A.

F) 4 + F

TONGIJI

UNIVERSITY

7 A A F

J. Am. Chem. Soc. 2022, 144, 7805.
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DPZ (0.2 mol%) Are .0
C1 (15 mol%), HE-1 (1.0 equiv) Z "N

o) NC = |
+ | N
Ar)v\R \Q\l DME, pyridine (1.0 equiv)
1 2a

3 W Blue LED, -20 °C, 60 h

s

3a, R=H, 78% yield, 90% ee

F) 4 + F

TONGJI UNIVERSITY

o 3b, R = Me, 77% yield, 93% ee o)
Z "N 3c, R = OMe, 59% vield, 95% ee 3g, R=0Me R Z N Ph. O
. Il 3d, R=F 65% yield, 92% ee 64% yield, 93% ee e ! Z "N Pha O - 3u,n=1 Me,, |
Y 3e, R = Cl, 90% yield, 94% ee  3h,R=Cl H s {*1 47% yield, 88% ee ’ .
iPr 3f, R = Br, 55% vyield, 90% ee 74% yield, 94% ee iPr H X 3v,n=3 Ph w 3“0 ]
~_-OTBS H 81% yield, 90% ee 84% yield
/ \ / \ A 3w, n=4 (o] = 9:1dr
0 0 0 (0] Z S (o) % 3t, 56% yield, 92% ee I 94% yield, 85% ee | From
@) &) I\I |N N (+)-citronellal
F . - " . o}
Pr Pr iPr iPr 0
3i, 85% yield, 90% ee 3], 72% yield, 87% ee 3k, 69% yield, 90% ee  3l, 73% yield, 90% ee Me
3m, R = Me, 73% yield, 81% ee Pha 0 -~y MeO 0~z
3n, R= nPr, 94% yield, 92% ee I
Ph (@] | >
Z "N 3o, R = nBu, 59% yield, 90% ee A H N
~ | 3p, R = iBu, 61% yield, 94% ee 3s H 3y, 59% vyield, 8:1dr ’ 3z, 65% vyield, >19:1 dr
Y 3q, R = n-Amyl, 94% vield, 84% ee 56% yield N AV N From rosuvastatin calcium intermediate o From adapalene
R 3r, R= n-heptyl, 94% yield, 90% ee  94% ee
_ ) J. Am. Chem. Soc. 2022, 144, 7805. —
B fF 2 F 33 W
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Eqn. 1
Ar' 0O Ar' O
Z
CF3  ¢27 (15 mol%) h
X + 2a L ™
) 3DPAFIPN (0.5 mol%), BT-2 (1.0 equiv) :
1 A THF, 3 W Blue LED, 10 °C, 96 h A 3
Explored examples
3za,R'=R2=H 1( 1
R! 49% yield, 92% ee @ D OH
.- b -

Z "N 57% vield, 80% ee

X~ 3zc,R'=H, R?=Me
52% yield, 81% ee
3zd,R'=F, R?=H
42% vyield, 82% ee
3ze, R'=Me, R2=H
52% vyield, 80% ee

3DPAFIPN BT-2

F) 4 + F

TONGJI UNIVERSITY

E) fF & F

J. Am. Chem. Soc. 2022, 144, 7805.
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Eqn. 2 Condition A: 3DPAFIPN (0.5 mol%)
. ) .
Ph o C52 (10 mol%), HE-7 (1.0 equiv) Ph 0
THF, 3 W Blue LED, -60 °C, 60 h Z N
R" + 2 ol |
N a Condition B: 3DPAFIPN (0.5 mol%) R
1 R2 C52 (10 mol%), HE-7 (1.0 equiv) R! R2 3
CHCI,, 3 W Blue LED, -20 °C, 60 h
( H.N Y ( 1 Condition A:
&8, O 0 3zf, R' = Et, R = Bn
Cl N Bu., o~ BY 84% yield, 58% ee
j@\ | I Condition B:
CF4 NT YO Me™ “N" Me 3zg, R' = Me, R? = Ph
L H c52 | | HE-7 70% yield, 49% ee

- J. Am. Chem. Soc. 2022, 144, 7805.
lﬂ%%(ﬁ; m. Chem. Soc %35 ™
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N C45 (15 mol%)
+ NC Ar | P
HE-7 (1.5 equiv), CH,Cl,/MTBE

R? 4A MS, 3 W Blue LED, -10 °C, 60 h

chiral catalysts

5a, R = H, 78% yield, 90% ee 0
5b, R = 4-Cl, 68% yield, 90% ee”
5¢, R = 4-Br, 65% yield, 89% ee”
5d, R = 4-OMe, 74% yield, 90% ee
5e, R = 3-Me, 71% vield, 92% ee
5f, R = 3-F, 68% yield, 90% ee 5h, 58% yield
5g, R = 2-F, 61% yield, 87% ee® 92% ee

5i, 68% vyield
88% ee

MeO
H C45, R = ethenyl
5j, R = 5-Cl, 65% yield, 90% ee o) 0 R C51, R = ethyl

5k, R = 6-Br, 76% yield, 90% ee

51, R = 6-Me, 81% yield, 91% ee O
5m, R = 6-OMe, 71% yield, 88% ee

5n, R = 7-Cl, 72% yield, 90% ee 5q

50, R = 7-Me, 65% yield, 90% ee  77% yield 69% vield aThe reaction was performed on a 0.10 mmol scale. See the
5p, R = 8-Me, 66% vield, 90% ee  92% ee 90% ee

c41

Supporting Information for the detailed reaction conditions. °C51
';1 instead of C45 wasused. °C29 instead of C45 was used. 4C41

instead of C45 was used

0 O

O (0] /N
N7 \
g Me RS =
‘ ‘ O

Me
5u, 81% yield 5v, 62% vyield
52% ee? 92% ee®

5t, 44% vyield
80% ee®

5s, 57% yield
72% ee®

- J. Am. Chem. Soc. 2022, 144, 7805.
lﬂ%%(ﬁ m. Chem. Soc 36 ™
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A e, o A~ PdCly (10 mal%) Ph A~
|| DIBAL-H (2.0 equiv) 6 Et3SIH (2.0 equiv) [
% - - =
H CHCly, -0 °C, 6 h EtOH, 25°C, 6 h H
Pr Pr
3a, 90% ee 7, B3% yield, 91% ee
B) Ir[{dF(CF3)ppylz(dtbbpy)PFg
A O (1.0 mol%) A
w mCPBA (5.0 equiv) EtgM (2.0 equiv) © 0 =N
X - -
H CH4Cly, 25°C, 96 h CHaCly, 25 °C ~
Pr 3 W blue LED, 12 h o
3e, Ar = 4-MeOCgHy 9, 63% yleld, 90% e
895% ee
c) FeCly BHo0 {10 mol%) o
K2S704 (2.0 equiv) @\)lf _
- N
M0 °C,4h --HQ
C Ph
Gram-positive
bacteria inhibitor
IV, 30% yield, 90% ee
Ph DIBAL-H =
diisobutylaluminium
hydride
mCPBA =
3-chloroperoxybenzoic
FiC F acid

Ir[dF{CF3)ppylz(dtbbpy)PFyg

F) 4 + F

TONGIJI

UNIVERSITY

7 A A F

J. Am. Chem. Soc. 2022, 144, 7805.
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C) Proposed mechanism . xT; *I Me COLnPr
“‘DPZ HE O e e S TreomTTmmnmommeeeeey
HE-1—> | Hjj,— ¢ 0 o R=nPr 4 0 :
SET Mey  COQanPr| .
ik S ® SET RO OR ROV OR
a Py +H ) : | :
! " Me N Me . M HN M 1
L*a N—onzai o WM ower M N e Py}

DPZ~ ¢\~ HE®
DPZ qc.¢ ~ . HNCE—CN zm_Ph ° L#PF
A, ZNH
IE};«cF*:««H{%}-" ; ‘-'315 ' ji./g\ N F[ 15] m )
0 o Pr H- _________________________ = CN PYHCN
1 Ph/N\L 14 Ph v Pr y
H'“D)\/Lg\aF’r e

iPr E p i

Y _— : xp.rD ) ;
— Ve oy n

Py-C1 = “XpyH L ‘O O~ — |

! : “~H—N CN:

1a U A — '

J. Am. Chem. Soc. 2022, 144, 7805.
l']'ﬁ“,\( m em. Soc %38 T
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(A) Asymmetric Giese-type reaction via chiral H-bonding catalysis

%

PhNMe, Me '”a
If[dF(CF3)ppy]x(dtbbpy)PF i «—Q
. (CFa)ppyla(dtbbpy)PFs -~ i Nepp @—H-"X e
BINOL-CPA, PhMe, 25°C (s M
A N blue LED, 14 h pelel
. | 35% ee
p-tol
(B) Via catalyst interacting with radical | (C) Bifunctional H-bonding catalysis
- —
; ; 5 .
! .. SorR : H (_SorR
% : o M
0—e —/ S = substrate ! ® S = substrate
R =radical ! R = radical

(D) Design: bifunctional H-bonding + non-classic H-bonding catalysis

Nonclassic | 5
/Q MH-bonding acceptor Interacting |

/@\ with catalyst}
® .-H
Nonclassic |:> i NI
H-bonding donor = r—\

X=0,3 Nonclassic H-bonding strategy
in the development of , Nonclassic H-bonding ;
bifunctional catalysts 3 1_.'.]0 nor and_ acgeptor_on _ra(;!ca_ls ________ J

Chem. Commun. 2016, 52,3520; , J. Am. Chem. Soc. 2013, 135, 17735.
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1,

X

ARG REHAN RSB RE R

A /
A MeO— L _N__cN @
’d
e s Il
MeO N~ CN
Ph A (OPZ,05moi%) Yy  ~NHAr
ArHN” “COOH * | | f
N_ = Cc1 (20 mol%) N/
toluene, 25 °C Ph
1 (0.01 mmol) 2a (0.01 mmol) 3 W blue LED, 8-12 h 3
A N
< “Ph ( PMP Y, - N i
: H I B : H B H
3aa: 70% ee 3ba: 63% ee 3da: 62% ee 3ha: 80% ee
H H
../ S /N
CF,
Jia: 57% ee 3ja: 75% ee 3ka: 82% ee

E) fF & F

Angew. Chem. Int. Ed. 2022, 61, 202115110
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DPZ (0.5 mol%)
C1 (20 mol%) N CFs
N — P N Na,HPO, (0.2 equiv) _ | i
— / -
N. =~ anthracene (0.6 equiv) N Ph
toluene, 25 °C CF,
1k (0.14 mmol) 2a (0.1 mmol)) 3 W blue LED, 23 h 3Kka
Ent Variation from the Yield | Ee Ent Variation from the Yield Ee
™| standard conditions [%]) | [%] Y| standard conditions (%] (%)
1 none 71 93 9 | noDPZ 55 93
2 | C9instead of C1 54 -25 10 | no DPZ and C1 trace -
3 | C11 instead of C1 51 -29 11 | no light N.R. -
4 | C18instead of C1 28 50 12 | under air trace -
5 | Ir(bpy); instead of DPZ 60 87
; =’ “Ph 4
6 | Ru(bpy);instead of DPZ| 41 | 90 i | i
7 | no anthracene 64 83
3aa: 1 I 3ja: 879 I
% | o 74 a: 19% yield ja: 87% yield

75% ee

20

R &+ %

TONGIJI

UNIVERSITY

E) fF & F

Angew. Chem. Int. Ed. 2022, 61, 202115110
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DPZ (0.5 mol%)

C1 (20 mol%)
Na,HPO, (0.2 equiv) N ~NHAr
ArHN ) Arjl iH
r anthracene (0.6 equiv)
toluene, 25 °C Ar
Th: Ar = 3,5-(CF3);CgH3 3 W blue LED 3

MeO
3km: 23 h, 53% yield  3kn: 60 h, 53% yield 2ko: 60 h, 50% yield 3kp: 60 h, 52% yield
91% ee 98% ee 90% ee 98% ee

3ka: 48 h, 68% yield 3kb: 80 h, 59% yield 3ke: B0 h, 50% vyield 3kd: 60 h, 77% yield
93% eel! 92% ee 91% ee 94% ee

:,NHﬁr

OMe

OMe NHAr
~NHAr :

:,NHF\r
) H P

Cl

3kq: 60 h, 61% yield 3kr: 60 h, 67% yield 3ks: B0 h, 52% yield 3kt 60 h, 50% yield
3ke: 60 h, 60% yield 3kf: 60 h, 81% vield 3kg: 60 h, 57% yield 3kh: 60 h, 73% yield g7%, ee BEY% ae a95% ee =00% ee

94% ee 90% ee 94% ee 94% ee

:_,NHAr

3ki:23h, 72% yield  3kj: 23 h, 57% yield  3kk: 60 h, 57% yield  3kI: 23 h, 65% yield 3ku: 231, 57% yield  3kv: 60, 58% yield  3jb: 60 h, 64% yield  3kw: 60 h, 56% yield
90% ee 90% ee 90% ee 90% ee 92% eg 9%, ee g2, geld 929 peld
Angew. Chem. Int. Ed. 2022, 61, 202115110
&) f+ 2 3 55 42



W sz

ArHN” ~COOH

1i1 Ar = 4-CF3CgH,

() P s+ %
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=== ¥ —
ARB RHANIRS B REC RN
TONGIJI
DPZ (0.5 mol%) NHA
R _NHAr NHAr
N £ e
. o €1 (20 mol%) AN Dy y p : > W
M toluene, 25 °C R o oM
3 W blue LED o SiEty
4 5
5i:24h, 84% yield  5m:24h, 7%yield 5 24, 91%yield  5jo: 70 h, 83% yield
98% ee 90% ee 90% ee 93% ee
NHAF

in toluene at 25 °C

_-MHA
Ej\/z/
N

Ska: 23 h, 71% yield
95% eel®

|u|

Sjb: 24 h, 77% vield
94% ee

Sje: 23 h, 71% yield
92% ee

Sji: 24 h, 72% yield
=99% ee

5jf: 24 h, 64% yield
98% ee

5ji: 24 h, 51% yield

=99% ee

Sjd: 24 h, B7% yield

5jc: 24 h, B1% yield
92% ee

92% ee

:,NHAr

Sjh: 24 h, 72% yield

Sjg: 24 h, 84% yield
=99% ee

=00% aa

5jk: 24 h
56% vyield
>20:1 drlel

Skr: 36 h, 78% yield
86% eel®
(C23 instead of C1)

NH i x _/NHAr
:,H
/\/ﬁa AL nu

5ju: 66 h, 82% yield  5jv: 66 h, 84% yield
96% eell 94% eell

5jq: 36 h, 55% yield
Ar= 2.4.6-Me305H2

5bp: 96 h, 91% yield
le] 91% ee

85% ee

in THF at - 10 °C

5jt: 66 h, 87% yield
93% eeldl

|Il\

5js: 84 h, 82% yield
90% ee

5jz: 66 h, 64% yield
93% eell

5jy: 66 h, 87% yield
93% el

5jw: 66 h, 83% yield 5jx: 66 h, 87% yield
90% eeld 92% eel®
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F,i) FECITPR), PhIO i) NaBH, Ph

DCM, 259C, 1h MeOHDCM i = =,.-C'H
iiHCI, 25°C, 1 h DECHo259C Me” N~ oy

1h

6 BE% yisld, 95% ee
i) FECTPR), PhIO i) MaBH, «  _OH
DCM, 25°C, 1 h MaOHDCM | «
il =

ii) HCI, 25°C, 1 h 0°Cto25°c N

1h

T: T4% yield, »89% ee

i) FeCITFP), PhIO i) NaBH,

DCM, 259G, 1h MeOHDCM S ~OH
= i .H
oF, ) HCL. 25°C. 1h 0°C :uhi*ﬁ °C N Me
§js: 93% ea Me 8; 84%; yield, 93% ee

W,
9, (MesSilNNa By o o
- Q& e <K
THF, 25°C 2h M Me i W=
D\_.) Cl ]

10, 93% yiekd, 93% ee
PDE10 inhibitor

i3] % i ‘ Angew. Chem. Int. Ed. 2022, 61, 202115110 = 44 T
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A) Representative chiral 1,5-hybrid P,N-ligands

PPh,

I: (R™)-QUINAP II: StackPhos Il IV: (R™)-QUINAZOLINAP  V

B) Mazet's ligands | C} Racemic 1,5-hybrid P,N-ligands in metal catalysis

. - C-chiralit
axial chirality

o 8
=N
K PR, PPh,

________________________________________________________________________________________________________

F) 4 + F

TONGJI UNIVERSITY

E) fF & F

Angew. Chem. Int. Ed. 2023, 62, €202216605
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0
_jh g Ar CPA (15mol%) 0 Ar H““"I:L"‘H
i "‘h i Y Remote Art TS N Ar
: enantio-differentiation R R = aryl, allyl
R = aryl, alkyl i aaeies o e
up to 9294 yr'reld 5 from 58 to 12?___
up to 94% ee via kinetic resolution

* Readily accessible feedstocks * Easily modulating the types of phosphines and azaarenes
* Demonstrated viability of products as chiral ligands » Metal Free = High yields and ees
* A general kinetic resolution platform to access enantioenriched secondary phosphine oxides

Angew. Chem. Int. Ed. 2023, 62, e202216605.% 46 T
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1
P— +
Ar—~"\"H b
\alkyl NN BuCgHs/Cy = 1:6 ATy,
1 2 -15°C, 72 h alkyl 3

0 A0 D A0
Ph\:e N~ R N/ P N~ PR N—7

3b: 70% yield, 91% eel® 3c: 52% yield, 93% ee  3d: 55% vield, 89% ee  3e: 72% yield, 92% ee

3f: Ar = 4-FCgH,, 73% yield, 90% ee 31 Ar = 2,5-Me,CgHa, 57% yield, 90% ee
3g: Ar = 3-FCgH,, 80% yield, 90% ee  3m: Ar = 4-PhCgH,, 62% yield, 92% ee

2 \/\(“) 3h; Ar = 4-CICqH,, 79% yield, 91% ee 3n: Ar = 4-MeOCqHs, 80% yield, 93% ee
Arv™ N 4 3iAr= 4-MeCgHj, 75% vyield, 93% ee 3o: Ar = 3-MeOCgH,, 85% vield, 88% ee
>‘ 3j: Ar = 3-MeCgHy4, 79% yield, 90% ee 3p: Ar = 2-naphthyl, 68% yield, 92% ee
3k: Ar = 2-MeCgH,, 52% yield, 91% ee 3q: Ar = 1-naphthyl, 75% yield, 94% ee

NC CN FaC
? = 0 ~ 0 = 0 ~
NyeR b P \ R \ P \
Q Ser N Ph“"P> N PN TN / Ph“"P) N~
3r: 62% yield, 85% eel® 3s: 82% yield, 90% eel®  3t: 72% yield, 90% ee  3u: 71% yield, 90% ee

CF3 R F cl

P \ I . P \ i 4
Ph : N / Ph\\"P: N / PR ) N V4 Ph\\i‘P: N /

3v: 60% yield, 90% ee 3w: 87% yield, 90% ee  3x: 77% yield, 92% ee  3y: 88% vyield, 90% ee

F’-)f‘?‘o“ﬁ’%

TONGJI UNIVERSITY

Ar Ar O Ar
OO, OO0, AL e
0\ ’,O s, (o] C6: Ar= 2,4,6-.'PF3C3H2

0. 0 2

o~ P oH o~ P oH FSOH CT: Ar = 2,6-Et,-4-MeCgH,
OO ‘O 0 ©8: Ar = 2,4-Bu,CeHs

Ar Ar Ar

C1: Ar= 3,5-tBuyCgH3 C3: Ar= 3,5-tBu,CgH4
C2: Ar= 2,4.6-’Pf3C6H2 C4: Ar= 2.4,6-IPF3CGH2

cl Br Br Me
O == o) = [¢] = 0 =
;:', \ I § ;:', \ ] 1
phlu‘ : N / Ph“"P N / =T : N / Ph““P: N /

3za: 75% yield, 91% ee 3zb: 85% yield, 91% ee 3zc: 84% yield, 91% ee 3zd: 92% yield, 91% ee

Me o — o — MeO
g\/@ Ph“"B)ﬂ}Me Ph\“‘g) Nt/ i 9
Ph“" N / N N ph\u'P N /
) - Me F

3ze: 87% yield, 90% ee 3zf: 77% yield, 90% ee 3zg: 63% yield, 90% eel® 3zh: 85% yield, 90% eel®!

OMe
?‘»ﬂj 9 -
o ) : \
Ph N P R N Y

3zi: 71% yield, 90% eel® 3zj: 50% yield, 90% ee 3zk: 35% yield, 85% eel® C9: Ar = 2,3,5,6-Me4CgH

( Representative tested CPAs )

& 2 F

Angew. Chem. Int. Ed. 2023, 62, 6202216605.% 47 T
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Me
=
2 Me 7 C8 (15 mol%) 2 o |
aRon | - reRon o
R Xy tBuCgHs/Cy = 1:6 S wR N
174 2l A15°C, 96 h ent-1/4 R 3/5
N
9 Me Me
P R=H

ent-1a: 53% yield
90% ee, s = 65!

Bu"""\H

ent-1c: 58% vyield
89% ee, s =63

RN

o) 2 7\
0 _— .,."P‘i-..H Q“\"P Me —
1] w
Ph" ) N Me Me

3zd: 41% vyield, 90% ee

Me

L |-C
ph R N—7

3zl: 35% yield, 91% ee

ent-4a: 53% yield
96% ee, s = 127

Meo

eni-4b: 53% yield
93% ee, s =94

Me
5m: 41% yield, 94% ee

2 \

Me
5n:43% yield, 93% ee

M
o e
| 8~ |
W --H
ph R N_7

3zm: 45% yield, 92% ee

ent-1e: 51% yield
95% ee, s = 89

1]
PrR=H

ent-1p: 51% yield
90% ee, s =65

ent-1q: 49% yield
95% ee, s=79

3zn: 43% yield, 91% ee

3z0: 46% vyield, 91% ee

Me

Bk

UNIVERSITY

TONGII
Me 0
\\\ \“ Ma —
Q 2

Me

ent-4g: 53% yield
94% ee, s = 115

- Y

ent-4j: 58% vyield
92%ee, =79

50: 38% yield, 94% ee

5p: 35% yield, 92% ee

Me o

Me

Rl

ent-4m: 56% yield
90% ee, s =58

5q: 39% yield, 90% ee

E) fF & F
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A) Synthetic transformations of adduct 3e o
Ph“"é’@

7:98% yield, 99% ee

BHa*Mes,S (2.0 equiv.)

toluene, 25°C, 8 h eq\i\\m
52
- . \\'5 \)30 0
QJ@ Ti(OiPr)4 (1.0 equiv.) — G‘b 8: 52% vield

. \1 EtO);SiH (6.0 equi o~ s yle
prR \ /) (E10):SH (6.0 equiv) Phn_,p\_/@ ® 08 e

toluene, reflux, 2 h s
8@0
oy, o
3e: 92% ee
Se (2.0 equiv.)
toluene, 25°C, 8 h

9: 91% yield

§e - 99% ee
2L N—

10: 92% yield, 99% ee

1: Ar= 3.5'(CF3}QCGH3 12

F) 4 + F

TONGJI UNIVERSITY

B) Preliminary study on the use of 6 as the chiral ligand

[Pd(allyl)Cl]; (2.0 mol%) 0O O

O 0 OAc 6 (5.0 mol%)

+ AFHQC{J OCHzAI’
ArHZCOMOCHZAr Ar')\//’\m' LiOH-H,0 (20 mol%) )iu;\

Ar' Ar'
13a: Ar' = CgHs
97% yield, 83% ee
13b: Ar' = 4-FCGH4
89% vield, 81% ee

BSA (3.0 equiv.), toluene
-20 °C, argon, 96 h

7 A A F
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R % 5

TONGJI UNIVERSITY
* + . - ~ ¥ > « t . . i +
i e oY - M £y Y M M
1) o o 0 o 0 0,' ’ o, Y 0, /0 o, (o] 0, ,0 o, /0 o 0
w4 Y S “ A P P “B W4 ( o Wa
P P, Py “ 0 7 o 7 N 7N 07 N A
0”0 0”0 0?9 il 79 s 07 0 g >~ 9 9%
H H [ H \ H \ H ! ! N i oM i ®H I ®H
b7 how Mo R iy ool ‘A U R R o
H \
0 w0 A A Ny " No~ N~ N~ N5\ 2 NS Y Ve
SIS %, % A i RO 4 W B 1 R
wpd PR e "Ph P “Ph pd PR Q‘{Pg on T e O e Q‘/I\Pf L VAN o VAN s i
3 -r i-Pr Gk Ph
R-1a-com R-1a-ts0 R-1a"int0 R-com R-ts1 R-int1 R-ts2 R-int2 R-int3 R-ts3 R-3a
‘. '
S Retst 150N
A(;snl S~ '—-“-
£ s [
(keal/mol) Selats0 10.7 Ra R AN
A DS ," \ kY R-int3 9.2
":l’kvlu—hll 1040 ot A o PR Retsd 82
P .
P N
Y
‘,’,l
/'
/e
S-lacom 11,7,
— H \
R-la-com 0.0 Reint2 -1.9 * ‘-‘
} e S e Acasmuch | Y
(3 o T i [
\ cm— i \
\ J Y
\ / L
\ St 71 Sini2 69, \
= e A
________ Sts2 -84 o \
- - \
\
2 . . & * + * . t * > * t %
e 2 e A Y M e Yy L) DY }
o, ° o, ° o, ° o, ° %7 9, / o, ° 0, / “of o \

] s 3 P, P. P P, N\ |
O’IP\O o’/P‘o o? o 0% 07 0 0”0, 07 o, 0% o, 0 9”0 o
. T j 1 . ¥ [N FoN A [ i ®H L on —
P H # Hoy " H H H 4 ©H g M o ) bt by ©f S-3a -148
" i \ ! \ ] H \ \ i \ H
H \ O .0 " 1 0 ! ! ! o] I

N w0 LA O R e 5% L S . (N @-’é“,;: NN, =L Fer
pH “i-Pr PW “iPr pH “iPr \= VT Cj‘/: s P':P",,_P,. CJ"/\P fripe L al - Ph (N ph
S-1a-com S-1a-ts0 S-1a'-int0 S-com S-ts1 S-int1 S-ts2 S-int2 S-int3 S-ts3 S-3a
| tautomerization | nucleophilic addition | proton transfer | protonation |

7 A A F
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F2- (1H) -EEIEHER

Me

I
N33P04 @N o Ar
(3.0 equiv

H “Ar

|
ik @@ up to 79% yield

up to 96% ee

Ar * At @:NIO e

N N _.O
same starting substrates Na,HPO, @[ oA Ar'
(2.0 equivL N N
same catalysts N H
Ar
chemoselective  yp to 63% yield
switch up to 99% ee
>19:1dr

J. Am. Chem. Soc. 2023, 145, 20141. %51 @
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B TR R BT E @) P s £ %
F12- (1H) - IR ER

DPZ (1.0 mol%)
€1 (10 mol%)

Me
) MazPOy (3.0 equiv)
NP1 T Nap© el . @
R I CH,Cly, 60 °C EWG
N 3 W blue LED, argon
1 2 3 96 h

EWG

Me

bromide scope

H Ph

H Ph
4b 84% yield, 90% ee dc 55% yield, 92% ee® 4d 56% yield, 90% ee de 67% yield, 91% ee® 4f 67% yield, 92% ee®

H Ph

T H e P
4h 52% vyield, B8% ee 4i 51% vyield, 90% ee 4j 53% vyield, 90% aeh 4k 66% yield, 90% ee 41 66% vyield, 92% ee 4m 53% yield, 93% es
Me N p:.h; h'lg
N @:N © o CFs @\’N O A
@ R\ NI;(\’CN I(\/go NI o
H Ph H Ph H Ph
4n 64% yleld, ST% ea® 4o 61% yield, 84% ee® 4p 52% yield, 94% ee® 4q 18% yield, 79% ee 4r B4% yield, 34% ee’ 4s 48% yield, 70% ea?

Ar= 3.5'(CF3}20&H3

Y PV R

J. Am. Chem. Soc. 2023, 145, 20141.
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F) 4 + F

TONGIJI UNIVERSITY
2-(1H)-IEE =
E i
olefin scope ML= T el 3JTEl 13
hr'.le r\lllle DME rfle '}de F '\r"le hlﬂe
C 1 p© CFS[: IN o ( IN © F N N0 cl N0 Br
= = = @ = @ P @ P
N@/ N iy N 3 N X N 3 N S
¥ H — H < H Y SNy S

4t 56% vyield, 96% ee 4u 68% yield, 90% ee 4v 50% yield, 94% ee

N]e I\ine I\‘de Me
@N o) Me @N 0 OMe @N o) OTf N

,— H /— H ,— H /— H
PhOC PhOC PhOC PhOC

4z 67% yield, 90% ee 4za 20% yield, 59% ee

4w 52% yield, 89% ee

4zb 61% vyield, 87% ee® 4zc 54% vyield, 91% ee

4x 60% yield, 94% ee

r\IAe

N__O
@Em

NT N s

" H

PhOC
4zd 56% yield, 89% ee

4y 59% vyield, 89% ee

4ze 51% vyield, 86% ee

7 A A F
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B R R R R
F142-(1H)-EE IR

qguinoxalin-2(1H)-one scope |

ve o

N F.
Ph
N7 F
H Ph
4zf 79% yield, 93% ee 4zg 62% yield, 95% ee 4zi 64% yield, 93% ee 4zj 61% yield, 91% ee 4zk 67% yield, 91% ee

M
e ?Reaction conditions: 1 (0.10 mmol), 2 (0.20 mmol), 3 (0.10 mmol), DPZ (1.0 mol%),

/@:N C1 (10 mol%), NazPO, (0.3 mmol), CH,Cl; (3.0 mL), -60 °C, 3 W blue LED (2 cm),
Br z argon. 2 x 3 W blue LED (4 cm). °CH,Cl,:CgHsF = 1:1 (3.0 mL).
Hc' oh H\:Ph 9CH,Cly:CgH5CF3 = 1:1 (3.0 mL). °*CH,Cl,:CgHsF = 1:1 (3.0 mL),
K,HPO, (2.0 equiv) instead of NazPO,. "3DPAFIPN instead of DPZ, NaHCO; (2.0 equiv)

4zl 70% vyield, 94% ee 4zm 67% vyield, 87% ee 4zn 52% yield, 86% ee” | instead of NazPOy, 25 °C. 93DPAFIPN instead of DPZ, NaHCOj3 (2.0 equiv) instead of
Ar = 4-CICgH, NazPO,, -20 °C. "C3 instead of C1, Na,HPO, (3.0 equiv) instead of NasPO,.

- J. Am. Chem. Soc. 2023, 145,20141.
“%]'H"#\‘jl; m. Chem. Soc 54 T



W TR AR R SRR TR

F1%E2- (1H)-EEZH

| I DPZ (1.0 mol%)
e

©1 (10 mol%)

M.
| MazHPO, (2.0 equiv)
. Mzl —— R‘@
MJI\-’BF e R-@: j 3 AMS (10 mg) N
N CHoCly, -60 °C
1 2 3 3 W biue LED, argon Ar
80 h

bromide scope

FiC
5a 54% yield, 94% ee® 5b 56% yield, 89% ee

5g 54% yiald, 4% ee 5h 55% yield, B9% ee 51 57% yield, 91% ee® 5j 52% yield, 34% ee
olefin scope
I\:‘Ie I'\Ic'le I\Il'le h"le Me
M. _-0 Cl N, =0 Br M. .0 Me N, =0
LD QO™ QL™ QL
M H N H N " M H
Ar Ar Ar
5n 61% yield, 34% e
5m 51% yield, 98% e A= 3TIOCH, 5p 51% yield, 94% ee 5q 52% yisld, 99% ee Sr 58% yiekl, B2% e 55 62% yiekl, B5% ee®
Ar = 3-TIOCH, 50 60% yield, 36% ve Ar = 3-TIOCgH, Ar = BTIOCH, Ar = 3TIOCH, Ar = 3-TIOCH,
Ar = 4-TIOGH, quinoxalin-2(1H)-one scope
“Reaction eonditiens: 1 (0,10 mmaol),
Me e Me 2 (0.3 mmod), 3 (0.13 mmol), DPZ

Ma
|
N F. N._0 N, 0 Me: N._ .0 (1.0 moltt), G (10 mal%), NagHPO,

I .H L :@: L H 0.2 mmaol), 3 A MS (10 mg), CHaCl
N F N F N, e N

(3.0 mL), -60 °C, 3 W blue LED (2

= S em), argon. Unless otherwise noted,
A
Ar ’ A Ar dr = 1901 determined by crude "H
5t 55% yield, 80% ee Su §3% yield, 89% ee® Sv 58% yield, 86% ee 5w 62% yield, B6% ee  5x 58% yield, 94% ee NMR analysis, "NaHyPO, instead of
Ar = 3-TIOCsH, Ar= 3THOCEH, Ar = 3-THOCeH, Ar = 3 THOCEH, Ar = 3-TIOCgH, MNayHPO, was used, 3 W blue LED

0.5 ¢m). “dr = 10:1

& 2 F

490>

i e

TONGJI UNIVERSITY

J. Am. Chem. Soc. 2023, 145, 20141.
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Fi42-(1H)-EEIBHHER

Scheme 2. Synthesis of Enantioenriched II

7 (1.5 equiv)
NaBH4 DMAP (2.0 equiv)
ph, (5:0equiv) @[ OH CHsCN,25°C, 4 h
B
0 CH3OH Ph then:
H Ph 25 °C, 10 min H Ph nBu,SnH (2.0 equiv)
4a: 93% ee 6: 99% yield AIBN, taluene

93%/92% ee, 1:1dr  100°C, 10h

Pd/C

@[ Ha 2 MPa)_ @( @/
Ph toluene Ph
H Ph 25°C, 24 h H en
8: 65% yield II: 99% vyield, 90% ee
ElZ = 3:1 Protein receptor

tyrosinkinase inhibitor

@ DPZ (1.0 mol%) — Major @ SoUrces =——
o Mo C1 (10 mol%)
O Br . f\@ . N_ .0  NapHPOy (2.0 equiv)
\©)\, @: I 3 A MS (10 mg) Br @ @ L\
N CH,Cl, -60 °C
3 W blue LED, argon B OH A
60 h Si: 57% yield, 91% ee

Ar = 3-OTiCgH, 9i: 28% vield, 78% ee 10

J. Am. Chem. Soc. 2023, 145,20141.
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FItE2-(1H)- EIEH A

TONGIJI

UNIVERSITY

|
N__O Noo
AGyy ©: fﬂ o @: "
(kcal/moal) N N
! U
i H O
2o D 0 o
. 0B~
r{D P\O I( P\Q a(_/
~ Ts2 N/ 13 -
m
TS1 y
2a sy
0.0 kY h{
N CPA-3a
N 128 12 I-TS3
8.5 A0 Br’ 208 A
11a O o 5 AN II-SET
Y - — .
V18 263 % L o
T S —
o pPz ) 16a
Y NagHyPO +Br 4 903 ) SN CPA + HBr
PH NazHPO, + Br 4
\D'P\ZO 837
o S - n-Ts4
o LY — Na,HPO, —
— /=988 ™, /837
CPA-3a o | | NP \ ILATa )
N0 N2 ‘a — —— A\ 182~ N
o o -02.6 -92.0 _ CPA
& LM H -87.2 e
N
E G H @ NayPOy”
. : .
HO | g HO g
O-—\P¢O 0_\P\9 o HaO
{ Y b
ak__/ IH4a ~— 11-15a
- £ :
BIEEE S
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Fit2-(1H) - IR

/V\ﬂ

- n r
0P~ G,ﬁ
@ =E0 ol “ \
M /,.- SET

@

o

g, 2 g

e iy \ "
Y'Y g = @’1{\)& +@f\/\x T»QEN o
N’Ic‘(\/u\r . N

HPh s 14 Lo =0 AT

J. Am. Chem. Soc. 2023, 145, 20141.
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TONGJI UNIVERSITY

X%

a5 IERiE o -2 BRG]

B Ar C1: Ar=3,5-Ph,CgHs
DPZ (1.0 mol%) ArHN. R 8 C4: Ar = 3,5-(CF3),CgH3
MeOOC. 8 COOMe €1 (10 mol%) N g O‘P,/o C34: o /o)
NN 4AMS (30 mg), 45 °C Ar Son O
€ H © DCM (3 mL), argon
2 x3W blue LEDs, 96 h A
1: Ar' = 2,4-(MeO),CgH3 2 3 r C35: Ar = 4-MeCgH,
AEHN, Bh ArHN, Bn ArHN, Bn ArHN, Bn ArHN, Bii ArHN Bn ArHN g Me
Z cl & Br Z Z # Me Z ~
3j: 51% vyield, 92% ee 3k: 51% yield, 93% ee 31: 56% vyield, 94% ee 3m: 50% vyield, 95% ee 3n: 53% yield, 91% ee 30: 56% yield, 92% ee? 3p: 59% yield, 90% ee®
ArHN ArHN ArHN
ArHN_ Bn ArHN. Bn ArHN. Bn ArHN. Bn N Bn o Bn N Bn
. 9 q 4 ~ ~ =
Yo QOCo con o O Ut U
Z = = = 4/ ZMe
R Br OMe
3q: R = 3-OMe, 55% yield, 93% ee 3s: 54% yield, 94% ee 3t:51% yield, 91% ee  3u: 57% yield, 89% ee®  3viR = Cl, 58% yield, 91% ee?  3x: 48% yield, 91% ee 3y: 65% yield, 90% ee®

3r: R = 4-OMOM, 51% yield, 94% ee N 3w: R = COOEY, 56% yield, 96% ee® "
e

APHN, Bn APHN. Bn F APHN, Bn

Me
F

N B N N

Sy Ph APHN, ) APHN, )
/CLJ)\ th b APHN, N X N Arti

7 & # N X Sy Ph Sy Ph N X
Me X Ph X Ph

Z Z
7 »

3za: 59% yield, 92% ee” 3zb: 65% yield, 93% ee® 3zc: 54% yield, 90% ee’  3zd: 51% yield, 94% ee 3ze: 61% yield, 93% ee 3zf: 56% yield, 94% ee 3zg: 55% yield, 92% ee
MeO
=
5/ SR ArHN. Bn ArHN, Bn PMPHN, gn
) & N q N % N 3
ArHN N [
NS = Eh F OMe Z Z
Ph >
=
3zh: 67% yield, 92% ee 3zi: 67% yield, 91% ee 3zj: 43% yield, 91% ee?  3zk: 50% vyield, 82% eel 3zl: 46% yield, 90% ee 3zm: 55% vyield, 82% ee!  3zn: 60% yield, 80% ee/

At -20 °C. PAt -10 °C. “Using 20 mol% €1 in 3.0 mL CH4CN. 9Using 20 mol% C1. °In 3.0 mL CH3CN. 'Using 10 mol% C4.
9AL-10 °C, using 3.0 mL CH3CN, 5 mol% €1 and 3 W blue LEDs. "Using 10 mol% C34. ‘Using 20 mol% C1./Using 10 mol% C35 and 3 W blue LED. MOM = methyloxymethyl

: ACS Catal. 2023, 13, 6396.
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RSB IET - MmN F
23 73 [N i o]
TONGJI UNIVERSITY
A Ar' R 0, DPZ (1.0 1Y
N* DPZ (0.5 mol%) ArHN R (1.0 mol%) Ar'HN \w—_=0
| MeOOC COOMe C36 (20 mol%) N S EtO0C COOEt C1 (20 mol%) N
Ny~"coort * | | - COOEt N S - "
Ar Me” N~ “Me CH,CN (3.0 mL) Ar 4A MS (20 mg), -10 °C Ar
H -45 °C, argon CH3CN (3 mL), argon
4: Ar' = 2,4-(Me0),CsH3 3 W blue LED, 96 h 5 1: Ar = 2,4-(Me0),CgH; 6 3 W blue LED, 96 h 7
MeQ
Ar HN
q Ar HN «-—o Ar HN Ar HN &=
ArdN )
N & Ar‘HN ArHN_
COOEt S N % COOEt cl
_ COOEt = COOEt /
/ =
5a: 66% yield, 91% ee 5b: 54% yield, 89% ee  5c: 44% vyield, 90% ee  5d: 51% yield, 90% ee | 7a: 66% yield, 90% ee  7b: 53% yield, 93% ee 7c: 65% yield, 91% ee 7d: 61% yield, 90% ee
Ph
E Ar' HN §=
o Ar HN APHN Q Ar HN ¥=o Ar HN, &=o Ne 2
r ™ N \
N X ~cooEt Y7 o0k Scookt O O ~ O
COOEt =
Me
Z OMe
5e: 63% yield, 90% ee  5f: 58% yield, 88% ee? 5g: 61% vield, 84% ee® 5h: 51% yield, 80% ee® | 7e: 66% yield, 92% ee  7f: 56% yield, 90% ee® 79: 54% yield, 90% ee T7h: 53% vyield, 91% ee
MeQ
[a] 1.0 mol% DPZ, -20 °C;
Cl Me Ph
[b] 1.0 mol% DPZ, -20 °C, in 2.5 mL CH3CN; AFHN. Mo
ArHN [c] In 2.5 mL ethyl acetate; ArHN, ¥—p ArHN. ¥=—=p ;] N "\Ph
] ) N & N 8 ArHN =0 =
= COOEt [d] C37 instead of C36, in 3.0 mL ethyl acetate; A Ph \ Ph N ‘\Ph I _
N
\ N [e] At -20 °C; ~ e _
C36: Ar=3,4,5-MeOC¢H,  [f] At-40 °C;
5i: 68% yield, 80% ee” Mok AWNESE R (. 7)Y IoMEN 7i: 56% yield, 92% ee  7j: 52% vyield, 91% ee 7k: 54% yield, 93% ee  7I: 47% vyield, 80% ee'
ACS Catal. 2023, 13, 6396. =
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RS IERE o STEYD

>
w

Me F3C F4C,
CAN (3.3 equiv.) HN Et3N (3.0 equiv.) CAN (3.3 equiv.) Et3N (3.0 equiv.) o
MeCN/H0 = 3/2 (vIv) W B DMAP (0.2 equiv.) N MeCN/H,0 = 3/2 (viv) DMAP (0.2 equiv.) A
—_— X Ph — 0 0 Cl
HN
BN pocio2s °C,12h 2 8 9 (3.0 equiv.), DCM HN. Bn 0°Ct025°C,12h 9 (3.0 equiv.), DCM HN_ Bn .G 9 CN )\ J\
0°Ct025°C, 12h NS P 0°C1025°C, 12h N ye L N
1 Me, NH,
> = F N 0
NH M
3h: 93% ee 10: 60% yield, 93% ee | 3zn: 80% ee 11: 90% vield, 80% ee N_\ come | o OH
|
[ D =z
o —
— 2a . 3 max
LED: A72*from 410 to 510 nm
. ne &1 (10 moi%) AN, @n "
0 — ect P v 2604 i) —HOOUEDPZ) NS Sph 28% yield, 89% ee
2 N Ph 4A MS (30 mg), -45 °C . ek .
[ Ih+2a-Cl — DCM (3 mL), argon Z LED: 257 from 475 to 505 nm
s 0.0 0/ i 0/
32 2 x 3 W blue LEDs, 96 h 18% yield, 89% ee
- 1h: Ar = 2,4-(MeO),C¢Hs 3h
H (0.15 mmol), E/Z = 1.8:1
< 0.4+
E
0.2 DPZ (1.0 mol%) NHAr
o
1h(0.15mmol)  +  2a(0.1 mmol) €1 (10 mol% 3h 12: 28% yleld 13% ee
Soil 4A MS (30 mg), -45 °C
i - v : - = - 1 DCM (3 mL), argon
300 350 400 450 500 550 600 2x 3 W blue LEDs, 96 h
Wavelength (nm)
F R G > %! /f% 1 )? C]J i EJ ‘i' /f%ﬂ
EWG EWG W
] EWG.__~_EWG ! o . S
T RO 9 e E/7Z I Rz A )&,
N " N 26 S “DPZ DPZ *
N R — Ny R SET —> 13
A A - -
) s A e 9t & Ju Mz 5> = 2 ’:
" FRs 7 o mo- 2 A BRAT
7 1/4 or 1414* —_\ | _— 21 N
SET SET™ , @
7 > Tz 8 R
: 2 W) R E R
DPZ 5 /‘Z A L
on-A R—§ + 13+H
14 CPA \:4 ~ S
———————> products 3, 5,7 NS B R 16 357 - é 3 73 > >
enantioselective Ar enantioselective o o r&j N L 7 X‘ -T— /
radical coupling 15 radical coupling

ACS Catal. 2023, 13, 6396. %61 |
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A) Enantioselective isomerization via deprotonation-enantioselective protonation

0O 0O

organocatalyst
R2 o 2
N R » R N R

R3 R3

B) Enantioselective photodeconjugation of conjugated carbonyl compounds

|

' D) This work
Ar !
S
R

Salt

MeO

MeO

1 ‘ N CN
S B

s A NICN
\ |

(DPZ, 1.5 mol%)

CPA (20 mol%)
NHI (1.0 equiv)
3 x 3 W blue LEDs

R &+ %

TONGJI UNIVERSITY

up to 72% yield
up to 94% ee
E/Z >20:1

up to 66% yield
up to 94% ee

\/\).L A \/\%\ enantioselective Q up to 95% D
= R F : i
TAoHAT " protonation \/\)LR‘ ! EIZ >20:1
R® : Selected bioactive derivatives
considerably weak ability of .
C) Design plan Ny absorbing light '
-a- ‘ OH
PC c* 5 N @ >_§_
RZ‘\/\/ EWG HAD Rz/\/\T/EWG e Me
R R : Cl III; Lysyl oxidase-like 2
B HX " I: Antitumor Il: Pesticide inhibitor
s \/ \ enantioselective
@~ SET  HAT ; : Me (70
I protonation : N \) ~
: x
PC X _ ' |
/'l' PC PC : =N \I;\/Hf\
. SET I
R1 ! H IV: Inhibitor of janus kinases V: Nematicidal activity

J. Am. Chem. Soc. 2023, 145, 18307.
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W ASHEERNTRRERSIEE R i# 4 %5
cr, ‘OgjgﬁH
‘@ :P‘OH ) 4 ©

A R DPZ (1.5 mol%), C1 (20 mol%) VO
N = = N7 :
R NHI-6 (1.0 equiv), 4 A MS (25 mg) RZ H :
CHCls. 20 °C, 3 x 3 W blue LEDS, 36 h b
1 2 i CTAr=246-PrsCoty ooy pr = 2.4.-(MeD),CoHs NHI-6

C2: Ar=23586-Me,CgH

SOve
ol
(W

2a: 60% vyield, 91% ee 2b: 56% vyield, 87% ee 2c: 61% yield, 91% ee 2d: 36% vield, 92% ee 2e: 519% yield, 88% ee 2f: 58% yield, 90% ee
recovered 1a: 35% recovered 1b: 38% recovered 1c: 35% recovered 1d: 55% recovered 1e: 46% recovered 1 31%

2g: 65% yield, 91% ee 2h: 62% yield, 91% ee 2i; 53% vyield, 91% ee 2j: 55% yield, 90% ee 2k: 71% yield, 92% ee 21: 61% yield, 93% ee
recovered 1g: 33% recovered 1h: 35% recovered 1i: 42% recovered 1j: 33% recovered 1k: 21% recovered 11: 35%
N
= J ==
Me H
COMa
2m: 64% yield, 91% ee 2n; 64% yield, 91% ee 20: 72% yield, 91% ee 2p: 68% yield, 92% ee 2q: 55% vield, 85% ee 2r: 57% yield, 90% ee
recovered Tm: 28% recoverad 1n: 32% recoverad 1o: 16%" recoverad 1p: 28% recoverad 1q: 35%° recoverad 1r: 35%

28 56% yield, 87% ee 2t 62% yield, 90% ee 2u: 54% yield, 82% ee 2v: 51% yield, 86% ee 2w 57% yield, 87% ee 2% 57% yield, 81% ee
recovared 1s5: 38% recoverad 1t 28% recovered 1u: 36%"° recoverad 1v: 35%° recoverad 1w 30%° recovered 1% 30%°

J. Am. Chem. Soc. 2023, 145, 18307. %63 M
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2y: 5T7% yield, 87% ea 2za: 50% yield, 90% ee 2zb: 53% yield, 90% ea 2z¢: 51% yield, 89% '33
recovered 1y: 30% recovered 1za: 3% recovered 1zb: 37% recovered 1zc: 38%
\_.,N OMe Me AN Me OMe
JPh s A @ Br
PH O Me H
2zd: 32% yield, 66% ee 2ze: §3% yield, 93% ea 2zf: 62% vyield, 93% ee 2zg: 65% yield, 87% ee 2zh: §1% yield, 94% ee
recovered 1zd: 38%7 recovered 1ze: 31% recoverad 1zf: 27% recovered 12g: 29%" recovered 1zh: 35%

“ "N
“\-.l S
II\.'ha"H

2zi; 53% yield, 90% es 2zj; 56% yield, 92% ee 2zk: 62% yield, 91% ee 2zl 0% yield, 93% ee 2zm: 67% yield, 88% ee
recoverad 1zi: 319" recovered 1zj: 36% recovered 1zk: 27% recovered 1zl: 31% recovered 1zm: 28%"

C

2zn: 67% yield, 88% ee 2z0: 68% yield, 91% ee 2zp: 66% yield, 90% ee 2zq: 66% yield, 82% ee 2zr: 55% yield, 90% ee
recoverad 1zn: 28%% recovered 1ze: 20% recoverad 1zp: 26%% recoverad 1zq: 27%' recovered 1zr: 38%°
20,1 mmol scale. All EIZ ratio of products =20:1; 0.5 equiv. of NHI-6 was
s OMe o 5 used: “20 mal% €2 and 0.5 equiv. of NHI-6 were used; “20 mol% C2 was
P \ P o (f‘/ . used: “1.5 mol% Ru(bpy)a(FFg)z. 20 mol% C21 and 1.0 equiv. of NHI-6 were
M 4 M 4 M £ used in 3.0 mL PhCl at 20 °C and irradiated by a 3 W blue LED; 1.0 mol%
Mé H Mé H Me H DPZ, 0.2 equiv. of NHI-6, 30 mg 4AMS in 6 mL CHC, at 35 °C and
2zs: 58% yield, 93% ee 2zt: 61% yield, 91% ee 2zu: 59% yield, D0% ee  iradiated by a 3 W blue LED; %0.5 equiv. of NHI-6 and 30 mg 4AMS were

recovered 1zs: 29%Y racovered 1zt: 21%" recovered 1zu: 28%' used at 25 °C and irradiated by 2 x 3'W blue LEDs; "2 x 3 W blue LEDs;
30 mg 4 AMS were used in 6 mL CHCI; at 15 °C and with 2 x 3 W blue LEDs,

oy
R % 5

TONGIJI

UNIVERSITY

J. Am. Chem. Soc. 2023, 145, 18307.
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=
S~ |

2a: 31% ee

Ph PdiC, Hz, MeOH, 25 °C, 3 h

Y

mCPBA

DCM,

2h

4: 73% yield
91% ee

Ea.

9: 92% ylald
90% ee

CH;COO0Et
5 °C, 3 h
MHTs  then: EtyN, TsCI

11: 98% yield
89% ee

g K20s0,(0H),
—_—

(8:1),25°C, 6 h
Ph

0°Cto25°C

NMO

acetone/H,0

HO™ “Ph
§: 83% yield
91% ee, 1.7:1 dr

4-CICH, SH

CszC04 DMF MsCI, EtsM
50°C 24 h DCIUI 07C,1h

8: 95% yield
0% ee

NaM;
DMF, 65 °C
24 h

PdiC, H;

0°Cto25°C, 1h

10; 85% yield
89% ee

PB{OAC),
(s] DCM, 0°C, 5 min
OH  then: MaBH.4, MeOH
0°C to 25 °C, 10 min

3: 91% yield

291% ee

| =
@N\gﬁ
OH

H

6: 83% yield
91% ee

Zn, NH4Cl {ag.)
. 25°C,6h

=
[n
Me= OH
H:.‘
7: B7% yield
a0% ee

) (% + F

TONGJI UNIVERSITY

Salt

Pd{dppfiCls, Et;N
iPrOH, 80 °C, 24 h

OMe
2r; 90% ee

14; 92% yield, 90% ee

7 A A F
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Feal

& RAIFREN IR

A) . " 'F)
N7 Standard reaction conditions ' 3.0 9 =92
as shown in Table 1 !
Ph S X ( ) ' 28 = n —e—2a/la
M TEMPO (2.0 equiv.) ; —s—eeof 2a
e 36 h ! 264 /. - 90
_________ Ta Bz =4) o ieeeeo.......P@moreaction b g4
B) ] - 88
DPZ (1.5 mol%) L al <
1a Ez=114 20 mol% C1 1a ElZ=145 L ] <
CHCl3, 20 °C | Iers 486 8
3% 3 W blue LED. 36 h E/Z=1:6.3 without C1 :
) ' 1.8
E/Z=1:6.0 without C1, DPZ ;
E/Z=1:1.4 without C1, DPZ, and light | 1] i
é """"""""""""""""""""""""""""""""""""""""""""""""""" 1.4
) ] . L] - 82
(E)j1a  (21a (E)1a°C1  (Z)-1a°C1  NHI-6  DPZ S
Er(kealimol) | 519 533 52.3 565 570 464 | L U
! 1 (h)

Standard reaction conditions

D,0 (200 equiv.), CHCI3
3 x 3 W blue LEDs, 36 h

Ph = N ; (as shown in Table 1; Ph,
D :
NP DPZ (1.5 mol%) Me ;
Ph NN | (PhO),P(O)OH (20 mol%) 2a 45% yield, 90% D 2a:91% ee
NHI-6 (1.0 equiv), 20 °C + ] in dark, 72 h: quant., 91% ee
. none, 72 h: 97% vyield, 87% ee

Me ) N7 |
Ph &, 96 h: 97% yield, 85% ee
1a (E/Z=1:1.4) N

'H
0.05 mmol scale D Me ' ) Standard reaction conditions t (h) 15 39 66
A ' as shown in Table 1
........................................................... 1ad7%yield, 0%D . 2a { ) 2a yield(%) 97 @ 97 | 97
] o 0.1 mmol scale
1 0%ee ee (%) 44 59 60

Standard reaction conditions
(as shown in Table 1)

: : N7 i H

T’ + recovered 1a ! : I . ]
LYY Y

: H\Me : !

EiZ=1:14 60% yield, 91% ee EiZ=127 | : ; g
EiZ=14 58% yield, 91% ee EiZ=130 | i BDE=953kealmol | :
: ! 1 i i

ElZ =511 60% yield, 91% ee EIZ=18.0 |  ececeoooooo- S : :

R (% + 5

TONGJI UNIVERSITY

BIE S

J. Am. Chem. Soc. 2023, 145, 18307.
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N N Ar DPZ, NHI-6, C1
i blue LEDs B
R 1
— o
DPZ ™~ /NHI-S\ & = 0 NHI-6
<l Q /‘ enantioselective
~#- SET HAT - HAT protonation  { ©?
PINO J™—
DPZ PINO A competing process
affecting yield and enantioselectivity
DPZ DPZ
seT ="~

R %+ 5

TONGJI UNIVERSITY

Ar ] DPZ (1.5 mol%), C1 (20 mol%) A s R
N \— ) > L of
R? NHI-6 (1.0 equiv), D,0 (150 equiv) RE D
CHCly, 20 °C, 3 x 3 W blue LEDs, 36 h
1 D-2

2N O
&' .
Meb

D-2a: 56% yield D-2k: 66% yield D-20: 64% yield
91% ee, 90% D 91% ee, 90% D 90% ee, 90% D
recovered 1a: 36% recovered 1k: 22% recovered 10: 21%°

O
s s S
N/ P = N/ 3 = N’ k3 ~
T T Me D

Me D Ma D
D-2zs: 54% yield D-2zt; 57% yield D-2zu; 57% yield
94% ee, 90% D 91% ee, 90% D 92% ee, 85% D

recovered 1zs: 32%° recovered 1zt: 27%" recovered 1zu: 29%*

“0.1 mmol scale. All the E/Z ratio of products >20:1. bNHI-6 (0.5
equiv) was used. “NHI-6 §U.5 equiv) was used at 25 °C and irradiated
by 2 X 3 W blue LEDs. “Irradiated by 2 X 3 W blue LEDs. “CHCI,
(6.0 mL) as the solvent at 15 °C and irradiated by 2 X 3 W blue
LEDs.

7 A A F
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F) 4 + F

TONGJI UNIVERSITY

I)E

B 5 T 5 2 R R R R R

(A) Substituted bicyclo[2.1.1]hexanes (BCHs): bioisosteres of benzenoids

éw’?»lb &,

© stereocenter )

(B) Photocatalytic [21t + 20] cycloaddition reactions of bicyclo[1.1.0]butanes with olefins

o ARSI BRARE B SRR 5 8 = a4

via energy transfer (EnT)
+
fo Q [FEL

[O\Vi] [KO] 1 A 7 M AL LR AR B 2R 69 AL A,
(C) This work: via cooperative photoredox and chiral Brensted acid catalysis }\}\ TFJ ;f:]— }ii&jtp %l] -—U—%— éﬁ 7]‘ /fl] Z/ﬁ H ‘%}i}\\’ o

Ar R PAH =

o)\ﬁ& Ar_°
R1|N Ar
+

C7 (10 mol%) Vg (o]
R 3 W LED D o”"on g o
2
N up to“g;g;)ge:yﬁlgﬂ g Chiral photoredox catalyst

52 examples

J. Am. Chem. Soc. 2024, 146, 8372. 568 T
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X

W TS 2 ER AR R R )P A £ %

N
(0] Ar :
R Ar N C1 (10 mol%), DCM ;
k [| Ar > o Ph
. 3 W LED (A7, = 365 or 430 nm) R :
-40 °C, argon, 24-48 h Ar i
1 2 3 X
== = == == == ==
I\ \ I\ il I I\
N o N o N o NZ © N~ o N o
@O0
‘ OMe F Cl T™MS
Ph Ph Ph Ph Ph Ph
3a: 77% yield, 93% ee 3b: T4% vyiald, 91% ee 3c: 53% yield, 80% e 3d: 62% yield, 50% as 3e: 72% yield, 92% ea® 3f: 69% yield, 92% ee®
— — — — — _
\ \ I \ \ \
N o N?Z o N o N © N o N~ o
F Me 1Bu
Me Bu OMe
Ph Ph Ph Ph Ph Fh
3g: 64% yield, 90% ee® 3h: 64% yield, 90% ee® 31z 53% yield, 89% se®? 3j: T0% yield, 94% ee 3k: 59% yield, 91% ee®? 31z 73% yield, 90% ea®?
— — — _—
\ \ i\ (\
N o NZ o F N © N~ © i
) N
) g
o == V4
PH PH PH PH F: TS 2:Naph
3m: 53% vyield, 81% ee? 3n: 48% yield, B4% eetd 3o: 51% yleld, 90% eet? 3p: 66% yleld, 90% ee® 3q: 90% yield, 90% ee 3r: 91% yield, 90% ee

J. Am. Chem. Soc. 2024, 146, 8372. %69 ™
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X

W TS 2 ER AR R R )P A £ %

N
(0] Ar :
R Ar N C1 (10 mol%), DCM ;
k [| Ar > o Ph
. 3 W LED (A7, = 365 or 430 nm) R :
-40 °C, argon, 24-48 h Ar i
1 2 3 X
== = == == == ==
I\ \ I\ il I I\
N o N o N o NZ © N~ o N o
@O0
‘ OMe F Cl T™MS
Ph Ph Ph Ph Ph Ph
3a: 77% yield, 93% ee 3b: T4% vyiald, 91% ee 3c: 53% yield, 80% e 3d: 62% yield, 50% as 3e: 72% yield, 92% ea® 3f: 69% yield, 92% ee®
— — — — — _
\ \ I \ \ \
N o N?Z o N o N © N o N~ o
F Me 1Bu
Me Bu OMe
Ph Ph Ph Ph Ph Fh
3g: 64% yield, 90% ee® 3h: 64% yield, 90% ee® 31z 53% yield, 89% se®? 3j: T0% yield, 94% ee 3k: 59% yield, 91% ee®? 31z 73% yield, 90% ea®?
— — — _—
\ \ i\ (\
N o NZ o F N © N~ © i
) N
) g
o == V4
PH PH PH PH F: TS 2:Naph
3m: 53% vyield, 81% ee? 3n: 48% yield, B4% eetd 3o: 51% yleld, 90% eet? 3p: 66% yleld, 90% ee® 3q: 90% yield, 90% ee 3r: 91% yield, 90% ee

J. Am. Chem. Soc. 2024, 146, 8372. 70 |
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1)E

B 5 T 5 2 R R R R R

F.

Ph
2-Naph 2-Maph

Me 2-Maph Ph 2-Naph 2-Maph 2-Naph

3x: R=F, 55% yield, 97% ee

3s: 60% vield, 85% ee 3t: 56% yield, 87% ee 3u: 75% yield, 90% ee 3v: TT% vyield, 87% e 3w 569% yield, 83% ee  3y: R =Cl, 71% yield, 93% ee
Jdza: R = Me, 99% yield, 98% se

A 3zb: R = CN, 65% yield, 88% ee? R
N/~ 3zc:R=C00Me 42% yield 84% ee /' N yield, 96% oe® MeN
32d: R = CF3, 60% yield, 99% oo =/ a21: R =F, 56% yield, 9% e6 _N
Ph 0o dze: R =F, 50% 3,r|e!|d, 93% e 0 3zj: R = Me, 97% yield, 97% ee
3zf: R = Me, 99% yield, 93% ee  pp,
2-NaPh  32g: R = OMe, 99% yield, 94% ee 2-Naph 2-Naph 2-Naph 2-Naph

3zk: 87% yleld, 86% ee 3zl 61% yield, 97% ec® 3zm: 24% yield, 99% ee

“The reaction was performed on a 0.10 mmol scale. If not otherwise noted for }neldmg prur]ucts 3a—p and 3y—zl, Apgy = 365 nm, 1:2 =2.5:1, t =
24 h; for yielding products 3q—w, Ay, = 430 nm, 1:2 = 1:2, t = 48 h. bt — 48 h. “t = 72 h. =50 °C. 2- Naph = 2-naphthyl.

. Am. . . 2024, ] 2.
l']'F]‘,\‘ J. Am. Chem. Soc. 2024, 146, 837 %71 @
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W T T 5 Z R S RN R R

€1 (10 mol%), DCM

3 W LED (A%7, = 365)
-40 °C, argon, 24-36 h

2-Naph 2-Maph 2-MNaph 2-Naph 2-Naph 2-Naph 2-MNaph

6a: 77% yield, 95% ee  6b: 48% yield, 93% ee  6¢: B3% yield, 95% ee®  Bd: 78% yield, 96% ee  Be: 70% yield, >99% ee  Bf: 70% yield, >99% ee  6g: 62% yicld, 85% ee®

63% vield, 93% eel
MQHNQ

2-Naph 2-Maph 2-Naph 2-Naph

2-MNaph 2-Maph

Ta: 63% yield, 95% ee Th: 46% yield, 91% ee

6h: 79% vield, 96% ee®  6i: 97% yield, 90% ee 6j: 81% yield, 94% ee* 6k 76% yield, 97% ee Bl: 63% vield, 98% ee dr =191 dr >1g:1¢

“The reaction was performed on a 0.10 mmol scale. If not otherwise noted, for yielding products 6a—f and 7a—b, 1:4/1:5 = 2.5:1, t = 24 h; for
yielding products 6g—1, 1:4 = 2:1, t = 36 h. 3 W blue LED (A2, = 445 nm), 10 mol % TXT, 1:4 = 1:2. “t = 48 h. 9_20°C, 1:4 = 1:2. TXT =
thioxanthone.

3] 'F]“ 4 ;?I; J. Am. Chem. Soc. 2024, 146, 8372.
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AGg /
(kcal/moal) *(Z:\
PAH 2-Naph
/ '
. O--H----0
* /P\\O
Ph
PAH 193
108
419 FOET 44.0
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A Single-photon photoredox catalysis

I
5|
-

PC /—= pPC* ET = PC

L]
/AG < 0\‘ potential

B ConPET catalysis

= SET
potential '/. \ -

v
PC” { @Ub-E-] (Sub-2) Higher reducing
v ..Sub-2 species
*PC Mo = _/ N

*PC

v
THNCY P b
k‘SET/

[ Cooperative with chiral catalysts: well-developed ]

[ Cooperative with chiral catalysts: undeveloped ]

C Established asymmetric [3 + 2] photocycloadditions of cyclopropyl ketones
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