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Photo—induced Catalytic Asymmetric Free Radical Reactions
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Abstract Enantioselective control of free radical reactions has eluded organic chemists for decades. Echoed with the re-
naissance of photo-induced processes, or so called photocatalysis or photoredox catalysis in organic synthesis, photo-induced
organic radical chemistry has regained its prominence in developing catalytic asymmetric radical reaction. The generally mild
conditions inherited with photochemistry, particularly visible light photo-processes, have allowed for controllable generation
of free radicals as well as the subsequent bond formations. The past five years have witnessed dramatic advances in exploring
photo-induced catalytic asymmetric free radical reactions, and enormous potentials along this line are envisaged. This per-
spective gives a brief summary on the important advances in this field. Accordingly, the major advances are classified based
on different radical species including a-amino/oxyl radicals, radicals generated from enones and its analogues, benzyl radi-
cals, a-carbonyl radicals, polyhalogenated alkyl radicals and nitrogen radicals. Brief discussion of mechanism is presented

whenever relevant.

Keywords photoredox catalysis; free radical reaction; asymmetric catalysis; synergistic catalysis

1 3l

BHLE HEEAE G - — BN s 1 1 (a4,
AT, IRMEEFEM S S5 B RN BRI TS
SRR, AR B BT AR (B A R
IRINFR (A TR y UR  E  Jse BE Frad 2 . S 4
ok, Bk E FIRIERY, B AR RNER, B
FH S S AN B SEUAR B (AL e 6 P, e ST R 47
f S A e B 42 o)1), L 2T DS I AL AR SRR 1 pR 2
SN, USRS O e B v A 4% IR e e, K&
B T B E 28T Lewis B0 P HERCAASZHLH). R
AT DASE AR A B R, (HIR SR N AR R #
— e Al B SR, e BEG/O, 51 & H HEE.
AR TR LB AR R R T UK,
AL I E B R R, ek B B AR A s N 2%
T, T2 W IE B R 2 Bk 2 AT R
EIEFE T A5 A H AR T e E R

* E-mail: luosz@jiccas.ac.cn; Tel.: 0086-010-62554446
Received August 16, 2016; published September 13, 2016.

e o EGR AE L, AR PR T B SRR AR R FR R,
M H R B AR, vldEH 2 F sk T
Tk, JelR AR RR A B B R RS T R
J&, BOAASKTRREACAN H IR A A i FE o,
N ETET AR PEEZN AN, R B, B R~
A R EAR TP (1) EREREJR T, B HAT
TR (2) FEE TR, W SET i3 (Scheme 1). HKHEE
PRMHIAE, B HEEAEREE ST BARYLET)
AR AR S A ERAM ER. ik, &
SR AR R R BTG T AR RR B HH 5 e Bt

AT Ir RS,

2 ATE o-NBEHRES SRR K

B aefir 1 H R TR S SR T PR (1)
o BIRERUR UM 1; (2) Bedbol s RN 4. il
SR P T4 A U B T 1 bR, RS R Tk

Project supported by the National Natural Science Foundation of China (Nos. 21572232, 21390400).

T H 32 [ 5% 3 SR B33 42 (Nos. 21572232, 21390400) %% Bl

22 http://sioc-journal.cn

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2017, 75, 22—33



 F % #R

TN

I: Hydrogen Atom Transfer (HAT)
R-H —— R-

II: Single Electron Transfer (SET)
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Scheme 1 Photogeneration of radicals
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Scheme 2 Two main precursors of a-amino radicals
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Scheme 3 Intermolecular asymmetric 1,4-addition of a-amino radicals to a,f-unsaturated ketones via the combination of photocatalyis and Lewis acid
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Scheme 4 Intermolecular asymmetric 1,4-addition of a-amino radicals to indolin-2-ones
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Scheme 5 Intramolecular asymmetric 1,4-addition of a-amino radicals
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Scheme 6 Intermolecular asymmetric 1,4-addition of radicals of N/O-a position to cyclic enones via dual photoredox organocatalytic strategy

24 http://sioc-journal.cn © 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2017, 75, 22—33



 F F R

HRReE |

PER— R VR B B2, & a-fr H REERR T 8E
B W L4-IEAh, EReii B k- B A EE
# C—C #. Ooi /NEPVF FIH IR ' (1) TP TR Bl e
HF cat e SEIL T I7 R ELARAL E H1 X wh F 1 L
KPR SNL, ST AR5 (xR v . 1
FER T 1 B TR B SLAA AL, b Ie(D)3IE JELIE
JER AR T H A, 5FMEFREE TR TR T
XF, TR B S 0 E - B I SN, HE
IS ie AN REHERR R -1 8 Ehﬁxﬂj P IV JH Y B 0

Meggers BRI SR FHZA T & RIFNE I Ht
AW cat f, WA H B B EERORR, DL
EH MBI RGBT 1,2-FHEEIRNEY 26. 1Ei%ik
o, T I AW cat £YENTE Lewis R 5JE
WA TERYIRIR, B RS E) 27 R EIER
TEMEERGR, SeBUR S B T AR AR B A B B
YR 28 F129. B 5T TIERS AN A B SR - e R AT E
7“4 26 (Scheme 8). KA o i TMS BRI ZRAZ I,
JEI R I = A R B R, AR T S E B -

AT, AT cat e WTIEIT EUBRAE H RS L A4 E R F 3 A B S i),
4 (Scheme 7).
Ar
Seiles
PP
L™ 0
Ar O
BArF
cate Ar=2-Ph-4-CF3CeHs
_Ms cat e (4 mol%) HN’MS
)Nl\ . N [rppy)>(Mephen)]BAIF (1 mol%) L_Neh
Ph”  H  ~Nph visible light PR3 2
21 22 toluene, rt., 8 h 89% 94% ee
J fir' radical-radical
coupling
H *
_Ms °N Ph
;’1 cate  [Hin— PF\N NMs _N
Ph” O H - @ H /k “Ph
[|rlll]® H Ph /\\ \_/
chiral ion-pair
BR7 HESFE o B HES SRR E - B h SR R

Scheme 7 Photo-induced asymmetric radical-radical coupling between a-amino radicals
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Scheme 8 Asymmetric radical-radical coupling between a-amino radicals and ketyl radicals
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Scheme 12 Enantioselective a-benzylation of carbonyls via benzyl radicals
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