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1. 1EUNESEFIER

| HEBAEILHAT

- : S B activated olefins g unactivated olefins
lectrophilic radical for H (well established) (underdeveloped)
. . R oar: EWG X a @ R e
@—H R—S R—0 [ N()Sf Ar N - | @ H
_ e (X =Cl,Br) H ) hydridic/ EWG H ) H
R=C SR [AT'COA  [WigOxz*T  [eosin Y] [UOAT [ nucteophi Ef et W acidic
hydridic/ineutral W
SET/PT HAT polarity- X HAT
or H{ mismatched |
This work: / El—H ! R‘* Nu—H —
3 R Z R 4 A r
"Bu 6—/ EWG
R R = EWG, Ar R = alkyl
@ (RS) @/rcm nucleophilic nucleophilic o electrophilic
H o+ =g — EWG‘©_< H N
e
EWG  R=alkyl "4 Bt

QBs
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Table 1. Reaction Optimization” n - - 0
CoMe PC (1 mol%) COMe ”; QBs (m”;-‘ 8
2 borane (20 mol%) A 13 BS (TRIPS), o
P " ( _— . incozme - Q’
COzMe H-atom danar Reaction conditions: All reactions were carried out with 1 (0.2
s R ol e 3 mmol), 2 (0.8 mmol), PC (1 mol %), borane (20 mol %), TRIPSH
) (10 mol %) or (TRIPS), (5 mol %), and PhCF, (0.5 mL) unless
entry borane H atom donor yield (%)" otherwise noted. The reactions were irradiated with a 40-W Kessil
1 NHC-BH, TRIPSH 0 blue LED under nitrogen atmosphere for 48 h. BYields were
" determined by 'H NMR analysis of the crude reaction mixture.
: Q‘:; :z:: ;: “Isolated yield. “Benzene as the solvent. “Without PC.“Without light.
3 Q s BAr,: tetrakis[3,5-bis(trifluoromethyl)-phenyl Jborate.
4 QB3 TRIPSH 46
5 QB4 TRIPSH 45

8 QBs (TRIPS), 91 ; R'= M, R¥ = OMe (QB3)
9 - (TRIPS), 7 BH, R' = H, RY = CHOH (QB4)

L oA
10 QBs - 18 fm B ROt

F ] CHy
TRIPSH 4 Me
6 QBs 89 } R' P
7 QBs (TRIPS), 92 (91)* F "“*Tf-“"" - [“’ z p N ar e
4 A - F. l\“ e, N)—sﬂ, R' = H, RY = OH (QB2)
| Mo
By NHC-8H,
eHy
PC
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FHEHAT

| AEBREGHAT  FeECHIZERIAN

PC (1 mol%) COzMe COMe CcoMe QL §oaMe
o, Ewe aBs st Y\/\/kcozm ’j ™ s‘\/\)\co;Me COZMe ©/ Nw}m
R‘)\/R EwG (TRIPS) (5 mol%) o o Co,Me
PRCFy;biua LED, 21,78% 22,76% 23,51% 24,77% 25,83%
MeO,C.
scope of alkyl radical precursors MZM! cone s, J_<_<501M9 MeOG, co e 2 CoMe
%
CoMe NC cozm - - COMe
COgt GO,CH,CFs \VL Cogt Oy Me Oy Me 4
H
PR COEt P COLCH,CFs 5025‘ Ph/\ﬂim = B N~Ph 26,92% 27,96% 28,97% 29,92% 30,89%
co,a d 2 " (r.=261)°
4,81% 5,92% 6,78% 7,97% 8,79% 9,96% Cl)zMe COMe £O:Me CoMe
o /\iINHMe /\prn o i coe CozMe LoMe COMe
/\ﬂ/kco N Ph
P v coE P v o COMe ‘ ° J 31,85% 32,88% 33,96% 35,94%
10,91% 1,93% 12,96% 13,95% 14,56% 15,63% =
i n co,Me “NH
scope of simple olefins B CoMe
COR‘ o "
cozMe COM coM °°2M° COM Ph
2! Me Me COMe Me A
R=Me, R' = OMe (39), 76% N
A COMe O/\H/\)\COZMe TsOWCO;Me C“H{\)\cozme 7 °°2M° H, R = OMe (40), 69% (r.. = 9377)°
o 36,90% 37,70% 38,95% ) 42,78%
. R=HR=NHPh(41)
16, 96% 17,59% 18, 76%" 19,77% 20, 93% (0.58 g, 95%)° 91% (r.r. = 94/6, d.r. = 11)°
COMe
MeO.C co;.Me COLEt COzMe
CO;Me COMe MeO,C O 0.
j YR A A > p \/\’ *f COMe
07 ; CO,Me MeO,C”~ "ty O
A
from L-Menthone from L-Menthol #rom L+(-Bomeol from Ethylparaben from Gemfibrozil
43,92% 44, 80% 45,77% 46, 78% 47, 84%
(dir. =2.111)
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A
o (\F g
COMe standerd conditions e N N. S
P " —_—— Ph/\/\)\co Me o_CoMe * 7< Y
COzMe TEMPO (2 equiv) 2 Y AU
CoMe Pr Pr
1 2 3 68 69
not detected
detected by HRMS detected by HRMS
COaMe MeO,C,
2 2 CO Me
p \_ CoaMe —
standerd conditions standard conditions
70 71 (67%, E/Z ca.101) fpinene 72 (69%)
B
AR EWG
EWG._EWG
7 R EWG
] w
. L-BH, . A-sT T T~
H "V I - \
HAT
EWG __— \ HAT
¢ (es),
EWG p——
borane SET or  photoredox SET thiol )\/k
catalysis PCET catalysis catalysis R EWG
Ar—SH
i hv “r
Ss~——
L-BH, Ar—S
[

+H
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A BDEs do not explain reactivity B H-bonding facili boryl radical C 1st HAT step
OH OMe et ¢ 70 o TSyars *
N7 N7 N7 AG%a CE | 4G @/ /!
| | | N
H.B HyB H.B 1st step: adduct formation  2nd step: oxidation 155 W
“>h S =H HZB\‘H?-’<C\OM5
QB1 QB2 QB3 8+ COMe
BDEg/c. 100.0 100.1 100.0
H ® low HAT barrier due to polarity match ® H-bonding stabilizes TS
OH H H g
OH "Bu ; adduct formation
®/\ @ MeO,C MeO,C han: oxidation favored oxidation
N7 e —H >—H A% =46 | £G4 = 1.4, AG%x = -0.3 TSparz TSprop
MeO,C ¥ ¥
HaB HaB 2 Me : ) Me0,C
_H ~H : s ~co,Me
. P g
QB4 QB5 2 73 : : E {H) g H2 F
: : vs i
N¥ : H )\/\/\
999 100.1 939 90.4 ‘ N E Oﬁ)\CHg Pl E Ph e
HB  H OMe | H,B :
......................................................... M : EEN OMe H E = COM E = COM
\\O/ OMe H =COMe =C0zNMe
no adduct formation no adduct formation H 3+ 3
AG%qq = 4.1 : AG%dd = 3.1 : AGpar2 = 6.8 AGyprop=19.8
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1.1 MEANESFFIED

nature communications

Article https://doi.org/10.1038/s41467-022-32238-8

Visible-light mediated catalytic asymmetric
radical deuteration at non-benzylic positions

Received: 30 March 2022 Qinglong Shi'?, Meichen Xu'?, Rui Chang', Devenderan Ramanathan',
Beatriz Pefin?, Ignacio Funes-Ardoiz®? | & Juntao Ye ®'

Accepted: 21 July 2022

Nat. Commun. 2022, 13, 4453
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a
X R3 1 prior work D, R® underexplored R3
JJ\ or RI—X >\ - R
R1 R2 R2 - + 1 R2 . . R2
via formal D or D R via D
X =CR,, O, NR
deuterated stereocenter
(mostly limited to benzylic position)
b

my
Y DAT R ny
R—X + X/& — — |R 70 |- > |
z 6} D,0 D: Z/&O
blue LED
R =B, Si,P(X=H) Z=0,NR

=C (X =Br) Y =CH,, O open-shell deuteration « non-benzylic position

metal-free « good enantioselectivity « high D-incorporation

11
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1.1 HEUNESEFIED

4DPAIPN (1 mol%)

FHEHAT

| HEBAEILHAT

my NC CN
ﬁ/& S5 (15 mol%) Dﬁ/&
2770 oluene:D,0 (3:1) 0 | PhN NPh, NHBoc py” SO
R =B, Si Z=0,NR blue4|_BE$2, :10 oc R 3 NPh, o oy
Y =CH,, O - ! !
2 | A4DPAIPN s5  NMe, |
I
a "
s
b Dwore o P o o
Hz p N H Q Ha p Vi N Hyp
/>7B \E)zo [ 2o (82 d=o= ¥ § =0
(B0 [pdilpo= ) oo,
\ bh Ph ’/ﬂ\ y Cy Ph
3a, 73%, 94% D 3b, 81%, 90% D 3¢, 83%, 94% D -8 7 ¥ 3d, 84%, 94% D
93:7 er 92:8 er 94:6 er CCDC: 2143290 92:8 er
/ P N/ o N/ 5
N’ H2 p H2 p,
N Hop @ [ ZD\E @[ B D\[ )=0 8 O =0 [ 82 2 =0
C />—§\D§E =0 /* 8 /\: ° AN % N VAN N
N+ "N \ Ph Ph \ Ar
\ Ph
Ar = 4-BuCgH
3e, 49%, 95% D 3f, 78%, 93% D 3g, 75%, 90% D 3h, 73%, 94% D 3_' s8% ;5; [")
91:9er 89:11 er 90:10 er 93:7 er g 89 ‘;’1 °
3 er

FHECTRRERIGT

D, D,
PhsSi \(l PhsSi Q
NS Ny

| | O
Ph Ar
4c, 59%, 95% D Ar = 4-FCgHy
95:5 erdP 4d, 67%, 93% D
92:8 er?
D, D,
MePh,Si \(l (TMS)3Si \(l
N N N N
Ph Ph
4e, 52%, 95% D 4f,60%, 89% D
95:5 er® 97:3 er?

0
D\(/& D@
S o
HPh,si— N Physi— ©
Ph
49, 53%, 91% D
88:12 er?

(0]

4h, 74%, 94% D
82:18 er

12
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4DPAIPN (1 mol%)

R? R2
2 2,
X RZ_A, S8 (15 mol%) x R
R‘//P\ + —_— \\P
H 7750 toluene:D,0 (3:1) R~ -

blue LED, 10°C, 72 h

P = 5 ) P t
1 XY e oy
H o S )\-1\\y, H HID~ H
5a, 72%, 93% D ,I ~ /l\ N & 5b, 70%, 90% D 5¢, 75%, 94% D 5d, 57%, 92% D/58% D
96:4 er 1 95:5 er 97:3er 95:5 er

CCDC: 2106903

S8 (15 mol%)
R2 HE (2.5 equiv) R?

2
R Br o toluene:D,0 (31) oS0

blue LED, 10 °C, 36 h

b b il

6a, 71%, 94% D 6b, 78%, 92% D 6c, 49%, 92% D 6d, 70%, 91% D 6e, 83%, 95% D
93:7 er 92:8 er 97:3er 96:4 er 95:5 er

13
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HRES HEAE I{Fi#RE FEI(EitE

a / o /
o  standard conditions N Hp N H, detected by HRMS
BH ; /E hdadesinhebaltataladN | />*B \ >:0 + />—B
>_ : TEMPO (2 equiv) [N + TN [N + o C14H29BN3O [M+H]*
\ Ph \ calcd.: 266.2398
3a 13 found: 266.2402
1a 2a ound: .
not detected
b R1
1S 7 e S5+D,0(5M) R' /\Rz R
" . S5 . R2
B 2a |||
13 _"'. 1a : // R|S
= « P HAT electrophilic DAT
12 o . R—H D R
e hydridi thiol photoredox thiol R/\'{z
- ydridie catalysis PCET catalysis catalysis R
R =B,Si,P *SD
1 : R*SH
09 ; uDZO /
0 0.005 0.01 0.015 0.02 H R*SD

concentration (M)
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TONGIJI UNIVERSITY

d +ﬁ:~' TS-Si : § AAG! = 1.3 kealimol } TS-Re - ‘hf'—>
4 ;'z Ol g =919 ! H,B—‘EN
wors. (e repre? | foro
CHex g DN
2729 S (;)‘ g‘ ) £N 5”"r = weak
4 (4 . X oI j:J"O C-H-x
S -5
BWN‘H-._O¥N/P’ Boc™~H
NMe, NMe,
AGt=04 AGH =17
AE! = .16.7 AE? =-14.2
AEpist = 11.5 AEpis = 12.4
AEq = -28.2

AE = -26.6

favored disfavored

ElsPRUPBILN RS I{Fi#RE FEI(EiTE
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JAC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

|pubs.acs.org/JACS

Photochemical Deracemization of Lactams with Deuteration
Enabled by Dual Hydrogen Atom Transfer

Xiaoyu Yan, Yubing Pang, Yutong Zhou, Rui Chang, and Juntao Ye*

Cite This: J. Am. Chem. Soc. 2025, 147, 1186-1196 I: I Read Online

ACCESS ‘ [l Metrics & More | Article Recommendations | @ supporting Information

J. Am. Chem. Soc. 2025, 147, 1186-1196 16



7 The Yong Reseorch Group fEEEN FEMHAT RS IA VN 20 AT Eaier by

Frocise Syresis Lob ot Tergii Universiy

1.1 HEUNESEFIED

catalytic thermal deracemization

« thermodynamically unfavorable: AH = 0, AS < 0

« kinetically: principle of

( >_\rH " R
H‘ ‘Rg excited-state \ ground-state H R3

stereoablation R! stereoregeneration

R2 R® radical-radical
recombination, HAT, R' H

protonation, or addition &

)I + R® to C=0 etc. rZ” OR?

4 E,T, SET, HAT,
R or LMCT etc.

R "R?

racemate achiral intermediate single enantiomer

b Dperacemization using two chiral catalysts (Knowles and Miller et al.)

o R o
R N ° Grl\@ RSH R L
NN N N'A' NN
“{ Ly
X

NHR? NHR?

) R* (R

R!

SET/PT: enantioselective HAD: enantioselective
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catalytic thermal deracemization

« thermodynamically unfavorable: AH = 0, AS < 0

« kinetically: principle of

( >_\rH " R
H‘ ‘Rg excited-state \ ground-state H R3

stereoablation R! stereoregeneration

R2 R® radical-radical
recombination, HAT, R' H

protonation, or addition &

)I + R® to C=0 etc. rZ” OR?

4 E,T, SET, HAT,
R or LMCT etc.

R "R?

racemate achiral intermediate single enantiomer

b Dperacemization using two chiral catalysts (Knowles and Miller et al.)

o R o
R N ° Grl\@ RSH R L
NN N N'A' NN
“{ Ly
X

NHR? NHR?

) R* (R

R!

SET/PT: enantioselective HAD: enantioselective
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C Deracemization using a single chiral HAT catalyst (Bach et al.)

R! H
RY "R®
()

HAA: enantioselective

d This work:

(+)n-1 2

HAA: non-selective

fEEEN

FHEHAT

HAT *
HAD: non-selective

HAD: enantioselective

| NESREMHAT e BIZEaRn
/O
R>1§H N—H
HAT*
i (g
(i
N R 0C
Ar L °Y~ph
LT 1 s
additive HAT-2*

19
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SO Do o s Oy
7 thiol (20 mol%)
07 NTR! A R'S: 1 Ij\/ —_—
\ A 07N R oy BuPh, 1t Vo K
R R B 390 nm, 16 h fuge
®) (R) . HS 0
HAT-1 HAT-2 . ()12 (R NHBocHN" o
catalysls  SET catalysis ~ HAD HAA $1:89%, 61:39 er o.
/\ \ $2: 86%, 63:37 er Ph
%} /N\
Ij\ Aar - Aoar n ’ fochiol oR2e
N R'SH « complete HAA s highly enantioselective HAD B =R @)
@ R', R? = -(CH,),- (S2)
c PC (50 mol%) °
$2 (20 mol%) Enty  PC  addiive  er DI%  Yield/%
additive (50 mol%) O O
_ = g
P TBuPhDL0 = 371 C 6 BP A3 928  >95 84 i "
Ph t, 390 nm, 16 h Ph 7 BP A4 9238 91 86 o2
-1a (R)-ds-1a R'=R2=H (BP)
) v 8 BP A5 71:29 82 80 R'=R2= Gl (PC1)
1-RZ=
Entry PC  addiive  er D% Yield/% 9 BP A6 81:19 9 81 R’ =R = OMe (PC2)
=CN, R? = OMe (PC3)
1 8P ; 7525 89 e 10 BP AT 7525 63 86
2 BPy R 8911 o 89 11 PCt A3 91:9 o4 87 X
N
3 DiPy - 67:33 38 84 12 PC2 A3 Bo ) o1 P
4 BP A1l 88:12 82 86 13 PC3 A3 90:10 94 82 X = CH (BPy)
5 BP A2 919 o5 85 14° BP A3 95:5 95 87 X =N (DiPy)
OH OH

OH OH OH HO, Ph
i Ny i Ny i AN i Ny | Ny LN O O ‘ Ny i NS O O
Z & Z Z Z { 2 Z &
A2 A3 A4 A5 A6 A7

A1
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scope nf &~

di-1a, R = H , 87%, 94% D, 55:45 ar® 94% D, 95:5 or
1B, R = Ma, 81%, 93% D, 93:7 or @ @\ d,-15, R = OTIPS, 90%,
>95% D, 94:6 or
dy-le, R = OMe, 92%, 83% D, 93:7 er Fal CFy
R dy-1d, R = OPh, 82%, *85% O, 846 er dy-1o, 945 dy-1p, B5% di-1a, R = H, 86%
1d, R = OFh, 85%, 946 ar di-1e £8% D, 93:7 or :’95;;;- i‘;ﬁ?" 85% D, 46 er
dy-1e, R = CFy, 86%, 5% D, 84:6 or  CCDC: 2573781 PV SETEN 1, R = H, 89%, 846 or®
dp1f, R = F 66%, 95% D_ 84:6 ar dyA), Rt = OCF;, 85%, 1% D, 928 er & J:.j,\.r; B
P n O™ 4,19, R = Br, 90%, 95% D, 955 or -1k, R = CM, 83%, 93% D, 92:8 er N P i H
19, R = Br, 92%, 95:5 & 11, R = CF, 83%, 89% D, 52:8 or®
dy-1h, R = OMe, 92%, 95% D, 95:5 ar dy=1im, R = COyMe, 31%, 81% D, 35:5 er @ @\ @
R dy1l, R =OTIPS, 67%, >05% D, 964 or -0, R = Bpin, B5%, 90% D, B5:5 er Moy Ok
Al fiie GRS S dy-18, BE% dy-tu, 95% dy-tv, 53%

*95% D, 946 er  ~05% D, 955 er >05% D, 1B er

scope of y-lactams
o[)im dy-2a, R = H , BE%, »35% D, 85:5 er n[’\!\om m ﬂf{ oM
N 20.R=H, 00%. 046 er” N o7 N a2 N DA:)\,OTIPS

d,-2b, R = Br, 85%, >85% D, 864 or® /@\ @
-2, R = CFy, 90%, 28 or®
y CFy, 90%, >85% D, 52:8 o Mo oMo
TIPS

R dy-2d, R = 'Bu, B3%, >05% D, 82:6 " 2], 6% n=1, d 2, §7% dy-2n, 9%, 84% D, 855 er
d,-20, R = OTIPS, 82%, 04% D, 94:6 ar »05% D, 96:4 &t dy-2k, B5% 3% D, 96:4 or® Tn, B4%, 93:7 ar
2, 91%, 8dBer  >85% D, 937e N =5 dp-2m, 93%
>85% D, 96:4 ar
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. C
1 BP (50 mol%)
standard standard s
wH  conditions Ij{'; conditions I)H : $2 (20 mol%)
N — | 0PN -~ A\ D A3 (80 mol%) .\D
& 92% yield Bn 90% yield i i 0PN BuPDo=31 . O N
95:5 er, 94% D 95:5 er, 94% D " '!,h “ I'!’h
(R)-1a (R)-di-1a (S)-1a : rt, 390 nm,16 h
>99:1 er >99:1 er (R)-di-1a (R)-di-1a
__________________________________________________________________________ : 75:25 er, 63% D
b BP (50 mol%) 5 :
$2 (20 mol%) HO OH Entry A3 D/% er
| H A3 (80 mol%) J:jg/ P:ﬁ:h : 1 = 93 85:15
o7 N BuPhD,O =31 O7 N 7 : 22 _ >95 85:15
RP'; 1t, 390 nm, 16 h Ph :
5(31)é :r (R)-di-1a by-product 3 + >95 93:7
Entry BP A3 D/% er 5 d
: standard
1 = - <5 90:10 : I}H/ conditions Ij@
i —> O0“°N
; P 07N |
2 - + 14 91:9 Il9h Ph
3 + + 90 94:6 : (+)1a (R)-ds-1a
$2: 87% yield, 95:5 er, 95% D
4 + - 81 85:15 : ent-S2: 92% yield, 5:95 er, 94% D

22
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(R)-di2j (D%)

fEEEN

FHEHAT

H D
'y standard e
07N conditions 07N

MeO’ 'OMe MeO’ OMe

(R)-2j (R)-ds-2j

92:8 er 96:4 er, 94% D
100 100
904

804 % 60
704 ~ 404

I
604 3 204
] = with (R)-2j ]
30 o with (5)-2j g o
40 g X 20

3
304 = 04
204 60
104 804
0 -100

| HEBAEILHAT

standard o
conditions

FHECTRRERIGT

= with (R)-2j
o with (92§

) standard conditions but
PN with H,0 instead of D,0
@\ 86% yield
96:4 er, 10% D
OTIPS
(R)-ds-1i

96:4 er, >95% D

(R)-1i or 2j

standard conditions but
with Ho0 instead of D,0

91% yield
95:5 er, 36% D

(R)-d1-2j
96:4 er, >95% D
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1.1 HEUNESEFIED

SETPT
ca(alys\s or PCET
L /\ ; }
TR P e
Ar \ = mp
standard
):jv condiions .0
oo o *
Ph Ph
(#11a (Rydi-1a
87%, 95% D
BP (50 mol%)
$2,(20 mol%)
d;-A3 (80 mol%) D .
© 'sh BuPh, without D,0 O E‘h
t, 390 nm, 16 h
(91 o (Rydi-1a
D (>95%
QL EEE g0, 125D
CY YOS 919 er
= &
41-A3

Ph
(*) \ / BDE = 75 6 kcal/mol \

HOH

N
)

electron and
H-atom shuttle

OH
N AN,
Y
Z

v

di-A3
84% recovery

HO_ D (16%)
N,

Z Z

0-A3
90% recovery

FHEHAT

s2

R*S*
/ v

thiol

catalysis /HAD\
D0 _R'SD A
A — OF ™R
1
BDE = 84.6 kcalimol Ar

c
CDCIy/D,0 = 3/1
d;-S2
it
d::‘:“:gjr:n | deuterium content ;_*_‘7 .
20h N)w e
DN
s-D 83% 87% DN Y
NDB«
N-D, | 95%  >95% O°°DN o
ﬁ)‘vh
N-Di; | 83% >95% N i+3
A
N-Ds | 4% 9% di-S2

| HEBAEILHAT

FHECTRRERIGT

TS1-Si
favored

’, Y
=0
AG” = 8.8 kcal/mol

AE* = -23.5 kealimol
AEg; = 235 kealimol

AG* = 11.4 kcal/mol

AE” =-20.7 kealmol | /¥ N=H"O
AEqig; = 26.0 keal/mol Te3A
AEjnter = -46.7 kealimol 175A
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How to cite: Angew. Chem. Int. Ed. 2023, 62, e202309897

Synthetic Methods doi.org/10.1002/anie.202309897

Divergent Photosensitizer Controlled Reactions of
4-Hydroxycoumarins and Unactivated Olefins: Hydroarylation and
Subsequent [24-2] Cycloaddition

Rui Chang, Yubing Pang, and Juntao Ye*

Dedicated to Professor Dennis P. Curran on the occasion of his 70th birthday

Angew. Chem. Int. Ed. 2023, 62, e202309897 25
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1.2 FEASIRENL
A) O- vs C3-alkylation of 4-hydroxycoumarin: alkyl
o V!
alkyl—X X
k- +
[ X =1,Br, Clefc.
OH O-alkylation 0”70
4
3 OH
) 07220 _nEWG @Ei(\/EWG
a
nucleophilic Lewis/Brensted acid o X0
OH

C3-alkylation

unactivated olefins
polarity mismatched

FHEHAT

C3-alkylation
and/or
C3-dialkylation

| HEBAEILHAT

FHECTRRERIGT

d) Photocatalytic arene oxidation-induced divergent reactivities (this work)

DPZ (2 mol%)
TRIPSH (10 mol%)

1a + /\R
R = alkyl, EDG

MeOH, rt, blue LED
Hydroarylation

Ir-2 (2 mol%)
TRIPSH (10 mol%)

THF, rt, blue LED

Hydroarylation/[2+2]

OH
X

(O e]
up to 97% yield

up to 95% vyield

R
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1.2 ERSIREN

Table 1: Optimization of reaction conditions.”!

A LN CERECHAT S CERZER

PC (2 mol%)
H  TRIPSH (10 moi%)

Yy A "pn(2a)
— -

solvent
O blue LED, 1,48 h

4C:IPN

9m¢@”m“

Ma BF,
Mes-Act BFy

DPZ

b E)

Entry PC Solvent  Yield of 3 [%]®  Yield of 4 (%)™
1 4CzIPN CH,CN 55 10
2 4CzIPN acetone 57 17
3 4CzIPN MeOH 54 3
4 Mes-Acr*BF,” MeOH 20 ]
5 DPZ MeOH 97 (96)" 0
6 DPZ MeOH 754 (1)1 ]
7 Ir-1 MeOH <5 70
gl Ir-2 THF 0 96
9 M MeOH 0 0
10"  DPZ MeOH <5 0
ne  ppz MeOH 0 0

[a] All reactions were carried out with 1a (0.4 mmol), 2a (0.2 mmol),
PC (2 mol%), and TRIPSH (10 mol%) in the indicated solvent (1 mL)
unless otherwise noted. The reactions were irradiated with a 40-W
Kessil blue LED (A=427 nm) under nitrogen atmosphere for 48 h.
[b] Yields were determined by "H NMR analysis of the crude reaction
mixture. [c] 17% of 2a remained. [d] Isolated yield. [e] 1a (0.2 mmol)
and 2a (0.2 mmol) were used. [f] 1a (0.2 mmol) and 2a (0.4 mmol)
were used. [g] Reaction was carried out with 1a (0.8 mmol) for 24 h,
[h] Without PC. [i] Without TRIPSH. [jj Without light. Ir-1=IrdF-
(CF)ppy)(dtbbpy) PFe. Ir-2 = Ir[dF (CF,)ppy):(bpy) PFe.
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DPZ (2 mol%) OH
TRIPSH (10 mol%) R
" RZ DPZ (2 mol%), TRIPSH (10 mol%) oH R R A "p (2a)
@(i ’ RIJ\/RJ MeOH, blue LED, rt, 48 h @(Y\Rﬁ 0 MeOH, blue LED, rt A0
w0 2 g0 1 R= 3 /\ﬂgPh
scope of unactivated olefins

scope of activated olefins

OH OH OH OH OH OH oH OH
F. R Cl R Br- R
0~ "0 0”0 () 0~ ~0

070 0”0 0”0 (O]
5, 96% 6,92% 7, 8% (66%) 17,74% 18, 95% (55%)“1 31,84% 32, 72%@* 33, 75%I
OH O‘\s”o OH OH OFt : OH ’ OH OH o OH .
0o 0”0 0”0 Et0” N0 0o 0”0
8, 73%® 9, 90% (62%) 10, 82%° 19,71% 20, as% HO 0" "o oo

0o
OH OH 34, 96%(2%) 35, 84% 36, 97%!9
@f\(\ﬂ Neoaa lee @(IV dy o on Mo o
[ 0 0”0 0”0

0o MeO. R P R
11, 79%0! 12, 95% 13, 96% 21,75% 22,88%
=t (0.96 g, 87%) k 0”0 0”0
37, 88%=*! 38, 97%(20)
MeO. OH
OH ¢
",07\/\'% OH OH ol
e R
9 o“o R | X R
o e from Naproxen I
from (+)-Carvone ,Zm o Codral Me”™ TO0” O Me™ "N” 70
25, 85% 26, 90%

27,82%

39 80%(2:b)

H
40, 93% 41, 62%0) 42, 85%
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1.2 ERSIREN

Ir-2 (2 mol%), TRIPSH (10 mol%)

THF, blue LED, rt, 24 h

59, 52%[°CI
0 H
from Celecoxity
51,87% (1.41 g, 91%) OH
2 equiv) Pie
z Leauy) oS —~
; MeOH, £ %
Ph  f,12h
— o :
H 4a, 89% yield p
0
from Cedrol 53,94% 54, 50% 55, 66%

52, 56% (d.r. =1.2/1)
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1.2 RiERIIEEN

Standard Conditions
No Reaction
©/\/\ TEMPO (2 equiv) 0o o)
d
O —— LY
—_—
b) OH 07" Yo 0”0

™ . o
Standard Conditions X Z electrophilic i AT =\ 5
1a + pp —_— B c HAT
60 . 405 Hone o 0
E-7 43 g 1 Me=0, photoredox thiol
= M SET catalysis catalysis ~ ArSH

c)

OMe -

PC
N or = > No Reaction \_/ ©5\A(\/
Standard Conditions
o~ ~O [Oe]
62 63
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fEEEN

22
Table 2: Evaluation of photocatalyst for the [2+2] cycloaddition 2
reaction.”!
18
PC (2 mol%) 16
M!OH E:
0 biue LED, 14
1a
Er= 620 keal/mol =655 kealimol 12
Entry PC Eyp2 (V, vs SCE) Ey Yield ’
(PC#/PC™) (PC™*/PC#) [keal/mol] [%]" 1
1 Mes-Acr*BF,~ +2.18 - 44.7 0
2 bPZ +1.37 —1.45 46.4 0 0.8
3 facie(ppy)y +031 -7 581 0
B Ir1 +1.21 —0.89 61.8 99
5 Ir-2 +1.32 -1.00 62.0 99 Py
6 Ir-3 +0.97 -0.92 629 89
7 facld(dF)ppy)) +0.34 -1.46 635 73

[a] All reactions were carried out with 3 (0.1 mmol), 1a (0.2 mmol), PC
(2 mol%), and MeOH (0.5 mL) under nitrogen atmosphere for 12 h.
[b] Determined by 'H NMR analysis of the crude reaction mixture. Ir-
3 =Ir{dF(Me)ppy),(dtbbpy) PF,. See Supporting Information for struc-
tures of the photocatalysts.

FHEHAT

| AEBREGHAT  FeECHIZERIAN

Stern-Volmer plot

]
®la
®2a
o3 L
TRIPSH
s
L ]
- -
3 .
0.008 0.016 0.024 0.032
concentration/M
Standard Conditions
——® No Reaction
Fh\/\ph (2 equiv)
or 0 R
: :O
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2.1. REBEAIRE SRR

JJAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

[pubs.acs.org/JACS

Single-Electron Oxidation-Initiated Enantioselective
Hydrosulfonylation of Olefins Enabled by Photoenzymatic Catalysis

Qinglong Shi, Xiu-Wen Kang, Zhiyong Liu, Pandaram Sakthivel, Hasil Aman, Rui Chang, Xiaoyu Yan,
Yubing Pang, Shaobo Dai,* Bei Ding,* and Juntao Ye*

Cite This: . Am. Chem. Soc. 2024, 146, 2748-2756 I: I Read Online

ACCESS | |l Metrics & More | Article Recommendations |

@ Supporting Information
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2.1. XEEWIRIE AT

i i ing@P
a) protein engineering Sl GIUER-W100F-W342F
u 1.5 mol%
Q ;h\ (1.5 mol%) O\\S"S/‘\ 1a + 2a ! " J (5)-3
P ONa THF/Trs buffer (1/10) P Ph THPTHs buffer (110) 172 mg, 66% yiel®
(1mmol)  blue LED, it, 48 h
1a 2a blue LED, rt, 24 h (8)-3 96:4 er
100 g
96:4 96:4 95:5 c) control experiments
90
89:11 deverivations from
80 entl : s
74% 70% v optimal conditions 3
70
o
Beo| T2 1 DMSO instead of THF ¢’ Y19
S0 55% yield
T . o
< 2 MeCN instead of THF
& 40 35% 92:8 er
S0 3 noenzyme nr.
20
16 9% 9% 4 no blue LED n.r.
L1l i
WT W342F ‘W100F W100F-W342F W100F-W342F-W66F
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2.1. REBEAIRE SRR

GIUER-W100F-W342F

0,0
Q 1.5 mol%) 0
s ‘ 4’( ) RS scope of
R ‘oNa THF/Tris buffer (1/10) @
4 blue LED, Ny, 24 h

N 0 o 0.0 0,0

€] s s

R= aryt alkyl /©/ /©/ /©/
scope of olefins Et ACHN
26: 77%, 94:6 er 27 93%, o7:3er 28: 60%, 9614 er 20:70%, 928 or
0P 0P o0 0P .» £

s s S ° o‘ ° 0, 0 0P

F. S s

3:75%, 97:3 e Oe \©/

F3CD\©/
(15%, 11:89 enf® 4:66%, 97:3 er 5:75%, 98:2 er 6:79%, 98:2 er 7:85%, 98:2 er . ! ] g ]
(2%, 595 eryt 3| 60%, 97:3 er 3: 7%, 96:4 er 33: 82%, 96:4 er 34:68%, 95:5 er
O, 0 O 0 - O P 0,0
s s s F k. % O QP %P
& T
'SMe cl CFy F S N
8:50%, 98:2 er 9:68%, 98:2 er 10:60%, 97:3 er 11:90%, 98:2 er 12: 75%, 95:5 er Fi55 6% B e S e 4 o % S o 39: 72%, 96:4 er
o ) T A (63%, 95:5 er)®
QP i 0P QP QP QP
0, o, 0 P o o
o oo i » ! ome A >
R R o O/ P &
13:69%, 92:8 er : R=H, 87%, 98:2 er 16: 86%, 98:2 er H, 84%, 97:3 er 19: 70%, 98:2 er
Me; 73%.99:.er Me: 88%, 973 e 42:81%, 955 er 43:43%, 91:9 er 44: 84%, 90:10 er 45:51%, 919 er
(not detected)® " (32%, 20:80 en:
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2.1. REBEAIRE SRR

(a)

0 Standard
S N ;h\ Conditions

h”~“ONa TEMPO (4 equiv)
1a 2a 8h

1a

+ Standard

_Conditions [°N ,,0
Ph

47. 10% yleld

fEEEN

F'h Ph +

detected by HRMS

(s)3
trace

isozF'h

48: 17% yiled

via:

Ph’ Y

(b) Abs Of GIUER-W100F-W342F +++++++ Abs of FMN-Na
3 Em of GIUER-W100F-W342F L
I\

25 / \ F
. \ B
E 5
T 15 g
N 3
G &
= 1

05 t

~J
0
300 350 400 450 500 550 600 650

Wavelength (nm)

FHEMHAT

FEBHEHAT

FHECTRRERIGT

Na Ph”
a

Ep=+ 0.36> =

R
R " Me N< N0
Me. N_.N-¢O P T
M N NH
Me:@:NIgNH ] e Fl\;!N T
*Ereg = +2.01V detected by TAS
+H

Oy 0
P o~"Nph
2

FMN

by-product
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JAC!'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Photoenzymatic C(sp®)—H Functionalization of 1,3-Dicarbonyls
Enables Enantioselective Hydroalkylation of Styrenes

Ermeng Wang,§ Qiaoyu Zhang,§ Qinglong Shi,* Xiaoyu Wang, Ting Ma, Yixue Wu, Binju Wang,*
and Juntao Ye*

Cite This: https://doi.org/10.1021/jacs.5¢17564 I: I Read Online

J. Am. Chem. Soc. 2025, doi: 10.1021/jacs.5¢c17564. 36
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2.2. REBEMERESIREW

a Reduction-initiated photoenzymatic hydroalkylation of olefins

Q single-electron reduction RN {“ NH
OJ\/FG via EDA complex with FMNH- ; FMNH" —Ro o
O/\ NADP*/GDH/Glucose \ \ L
FG e Lome o FFG
W electrophilic nucleophilic
j A0 radical radical
EDA complex

b Oxidation-initiated photoenzymatic decarboxylative hydroalkylation of olefins

Q_COH 0‘8

- CO;
single-electron >—< i
O coH oxidation by FMN" EMN® R O_g EWG 5 R\iEWG
BO% Me N ,N\?o electron-deficient
Me:@NL\’NH olefins
e o' nucleophilic
FMNgq radical
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2.2. REBEMERESIREW

¢ Challenges in photochemical hydroalkylation with 1,3-dicarbonyls

/\Ar retro-aldol O)H/\/U\O
I\ght promoted Ar

oo
o o
M — M | de Mayo reaction o
> ’ Ar
o

(o] /\
over-

d C-H bonds as radical precursors for photoenzymatic hydroalkylation of styrenes (this work)
via

o) i o)
A L,
o) (o)

* 100% atom economy  gjrect oxidation electrophilic enzyme
e no de Mayo product of enols radical accelerated HAT

" The Yong Reseorch Group EEEN FHEHAT KNESEHAT  [digidiiEStaha)

o OH
electrophilic oxidation H,0
radical Ar
[e]
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2.2. XEEWNRESIREN

® N o o A N

©

Me GIUER-WT (1.5 mol%)

9 FMN-Na (8.0 mol%)

+ o
Me)j\/U\Me /\© Tris-HCI buffer (pH 7.5)
DMSO, rt

58 blue LED, 18 h

Variations from the above conditions

no FMN-Na

none

YersER -WT

GIUER-W66F

GIUER-Y343A
GIUER-WB6F-Y343A

as entry 6, THF instead of DMSO
as entry 6, Tris buffer (pH 8.0)
as entry 6, Tris buffer (pH 9.0)
as entry 6, no FMN-Na

as entry 6, no blue LED

no enzyme

Yield (%)? e

FHEHAT FHEREICHAT  [diSidtiES ki)

M
e OMe

Me
o
(R)-3

nr. ~
32 83:17
28 2773
56 94:6
64 99:1
76 99:1
42 98:2
66 99:1
56 99:1

trace <
nr. -©
16 50:50

wT WEGF Waa2F VM WEGF-Y3M3A WIF-Y343A
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RR_o
‘GIUER-WBGF-Y343A (1.5 mol%) R
__ FMNNa@Omot) Rl

T TreHCiouter TS !
DMSO, tt, blue LED, 18 h

scope of olefins

. S, ;\‘ o

FHEMHAT

e - Me 0 Me ~ Me O, MO
Me. Me. We. Me  Me Me. OMe
(R)
o <] - o o ]
3:76%,99:1 er 4:66%, 946 er 5:76%, 98:2 er 6:70%, 97:3er 7:80%, 97:3 er
We. - Me. - Me 0 Me 0 Me 0\
Me. Me. Me. CF;  Me. Me. F
o
e sme © ocry  © o F
8:77%, 982 er” 9:40%, 937 er

10:42%, 955 er

Me F Men® e Yesr® e
Me. Me Me. cl
o o & o

14:60%, 955 er®

11:57%, 964 er

15:69%, 97:3 er

Mo s e Mesg© o
Ve, Ve, o Me Me
o o o o %

19 95%, 95:5 er
(89%, 95:5 en)®

16:67%, 9614 er

Me 0
Me. F
o

F
18: 76%, 90:10 er 21: 59%, 96:4 er

20:75%, 91:9 er

12: 60%, 96:4 er

17:64%, 94:6 er®

Me 0,
Me s
o L

22: 40%, 99:1 er

Me. Me Me. Me e Me .
Me. S, Me. 0, 1

15 L g | ]

Me 0 Me 0 Me 0
Ma% Ma% Me.

o I N/ o o

FEBHEHAT

FHECTRRERIGT

23:65%, 90:10 er 24: 82%, 96:4 er 25:76%, 98:2 er 26 74%, 97:3 er

Ve pr
Me.
o

28: 72%, 9456 er® 29:57%, 99:1 er 30: 50%, 97

27: 76%, 92:8 er®

Mes 20 o,
Me.
[

31:49%, 96:4 er 32:50%, 85:15 er®
scope of
© e Me,\/
PhHN.
33: 77%, 98:2 er®
9: z/ss z er, 1 1dd 99: vsazer 1:1drd 95: 5/95.5er. 1 | 1dred  37:48% 83:17er®  38:54%, 99:1 er!
product
b
Ner™ e Me 0 o =
HN_ NyHgH20, KOH | Me. BF3Et,0 %
L o L 2
Me diethylene glycol B(OBu);
180°C ? @3 .
(R)-39 fmol scals: X-ray of (R)-40
62% yield, 98:2 er 66% yleld. 88:2 or 6% yle\d ss 2er CCDC 2450457
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a .c
Me
Standard Me. 20 MM:
Conditions H
12 + 2a ———— > (R-3 4+ Me oN H
TEMPO (4 equiv.) 6 PhoydMe !
8h |
24% yield Pl :
98:2 er detected by HRMS !
Me
Ph Standard Me 2O H
)W Conditions | |
1a + e = H
o ; R Int-B
Me NzN-O
e XSL
b 20 GIUER-WGGF-Y343A + FMN-Na + 1a : FMN ©
18 GIUER-WG6F-Y343A + 1a
: R O _, HAT
1.6 * FMN-Na + la H R
A H 1
= ;R Ar
=14 3 | o
12 & .
H
0 : GIUER-WBBF-Y343A (1.5 mol%) Me OD Me
- ! FMN-Na (8.0 mol%) Me. 4
i 1a +2a —
0.8 D-Tris buffer (pH 7.5) I}
0 0.01 0.02 0.03 0.04 0.05 DMSO, blue LED R)-dy-3
. : rt,18h (R)-dh-
Concentration/ [M] : 20% yield, 89% D, 99:1 er
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fEEEN

FHEMHAT

FEBHEHAT

a b
oH o o q A
sn
Me)\/lLMe Meume
1a 58 1a
/PCET<
AE=2317
M Rongol Me: Rngo
3
N N
FMN® FNINH®
c
s =
/1525, /T8 N
/ \ / N 0.0
i \ 4/ Int1
sl nt
= — (Ph-right)
/ (Ph-right)
261/
Int3
(513
o o [*Re) Q

Q,
Me’ Me
Ph  Me
c2{p=0767
Me

Q
/e ).)“Me Me Me  Me Me
L Ph M o Me - Me Me
e Y NP D
Me

Me
R R R R R R
oL )@’:);”f" )@r:ﬁ;f" IO I IS
o o o]

H O H O o
Int3 Int2 Int1 Int1 Int2 Int3
(8)-3 (Ph-right) (Ph-right) (Ph-left) (Ph-left) (R)-3
|
| > (R)-3

(8)-3

FHECTRRERIGT
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Photocatalytic Boron Insertion into Thiaarenes via Boryl Radicals
Yubing Pang. Ermeng Wang, Prof. Dr. Juntao Ye 4
Dedicated to Prof. Shengming Ma on the occasion of his 60th birthday

First published: 19 May 2025 | https://doi.org/10.1002/anie.202508379 | Citations: 3
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a Single-atom insertion into arenes

P N 25 N X =NR, O, CH=CH P X=$S NN NN

oAl o (A - ."A,D —_— A o LA

i Sep Ny well-explored Vog =) elusive SyetNg SuetNg
Q=CorN

b Photocatalytic boron insertion into thiaarenes via boryl radicals (this work)

d“l: R B
P PC, (RS), P
oA ]fs 3-m —PE0% o T @ Q/V dj
).11- @ ’ N S
(NHC-BH,) 1e process valuable organoborane building blocks
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3.1 FAELTRTREBR

a) Reaction optimization

@ [ ‘}—BH

1a

entry

[

w

4DPAIPN (2 mol%)
CySH (20 mol%)

DMF, blue LED
35°C,48h

2a

variation from initial conditions
none
('BuS); (10 mol%) instead of CySH
as entry 2 but with HCO,Cs (1 equiv.)
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(BuS), (10 mol%)
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9 X~ 0. 56% (ar. 11, 55% 12,65% 14,69% i) g B 49/R=Ph 76%"
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4DPAIPN (2 mol%) Me Me
H
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('BuS); (10 mol%)
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variation from initial conditions

none
no 4DPAIPN
no blue LED
no (BuS),
no HCO,Cs
TEMPO as additive

styrene as additive

HCO,Cs (1 equiv.), DMF

blue LED, rt

0
30
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61
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B- M
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yield of 3 (%)
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59
0
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0 (68: 72%; 69: 9%)
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Spin Delocalization of Nitrile-Ligated Diarylboryl Radicals Enables
Photochemical Boracycle Synthesis via N-Borylimidoyl Radicals

Yubing Pang, Xiaoyu Yan, Hasil Aman, Meichen Xu, and Juntao Ye*
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a) X-B (X = C or heteroatom) formation using boryl radicals

b) Boracycle synthesis enabled by N-borylimidoyl radicals (this work)
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" Ar, Ar
AN
R Ir-1 (1 mol%) RSB
) N\, o+ RGN+ NaBAy ——————————— y
R? R H,0 (2.0 equiv.), EtOAc "
1 2 blue LED, 35 °C, 48-72 h R R
scope of olefins
o F'E‘B,F'h Ph. Ph L PhPh RlOC_~ R? Ph, ,Ph
+ h, ] i
“NH RO:C B, + R'0C B‘N+H 7\ RO,C NH
o Y
Me M / FaC™\ 4 F7 N " Me f \;»
Me e R Me H

R R=H(3,81%)  R=Me (5 66%)

R"=Bn, R?=H (7, 73%)*

= 'Bu, R? = H (B, 69%)° R'='Bu, R?=H (8a, 52%)° R =Bn (10, 54%)

X-ray of 10
R=Br(4,65%)  R=Ph (8, 55% ' =Bn R?= ° R=Bu(11,61%
§ b) ( b) R'=Bn, R2=Ph (9, 719 R = BN RE=Ph (9a, 67%) u ( o)
Ph, /Ph BnO,C,
BnO;C B & B"ozc B OB
B"OZC B Wi BnOzC B & R = OTF (35, 55%) g me” "
Me / - / NBoc
R = Br (36, 62%)
R = Bpin (37, 48%) Ph
PH
R =NHBoc (38,53%) R =Pph (39, 57%
33, 62% R = OMe (34, 73%)
G g R=Me (40,68%, 11 dr)  41:57% 42,45%
N h
BnO,C, B‘N'H BnD;C B i 2-Naph, _2-Naph
Me™ \_4 R=H(43,51%) R =R? = Me (46, 82%) BnO,C~g 2N
R = Me (44, 50%) BnOZC R = R? = OMe (47, 43%) MZ(——’(
R =1, complex mixture R'=H, R?=F (48, 46%, 1.7/1 d.r.)® Me
45,49% F Me 49,62%
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Ph,_Ph
standard conditions  BnOzC ZB. +
/\ + MeCN + NaBPh, ——————>
COzBn
1a

iy
TEMPO (3.0 equiv.) Me

TS-B-add + M %
Ph_Ph - i e,
M :,NH @n We: J\e \\,
Ir-1, NaBPh,. le K N
1 A ey et NagPh y Y X
® " Ne” " Standard conditions Ph g i Me ) BnO,C’ N ZpcPh
50 Ngiooon 41,19% Ph Y Ph/B‘Ph Me, 7 “Ph
1a ok 1a B 5 Int4 Bn0,C "\
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5 - TS-C-add TS-B-add
£
- Ph._.Ph £
g 2 i SETPT; N 8
N N § _thenH0 ¢ Z‘«;
(L& N r 2
Ph,BOH
Ph PH" Ph Ph”Ph Ph”Ph
Py " 2

7(> NaBPh, Exp IV+V
4P ———
N CH4CN,
O- blue LED, 20 min
DMPO .
% Sim
detected by EPR
Ir1
_ NaBPh,
NN T onen, )L
9 blue LED, 2h 3460 3480 3500 3520 3540
TEMPO Magnetic Field (Gauss)
delecled by HRMS
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Ph.-_Ph Me
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. Int1 Ph
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Ir(ll)
Ph—Ph ( B”OZC
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catalysis
/ \ Ph_Ph
Ph ; Il BnO,C._SB. +
1 Ir(111) hv ( nO
Ph—B=Ph = MEX_EH

Ph S
_@. 3 Me
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b
Ph, Ph
CF, Ir-1, NaBPh, BnOzC@H
— . )
)\COZBn MeCN, H,0 FsC
1e EtOAc, blue LED Me

7
654 mg, 75% yield

BnO,C,
NaH
THF, 0°Ctort Ne
7a (61%)
Ph, Ph
BnO,C._>B. +
3 DIBAL-H 2M X_EHZ
e
toluene, -78 °C
oluene, Me
53 (73%)
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4.Proposal
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R=Si, B, P
PC
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R4=Si, B, P ect.
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