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Progress on Visible-Light Promoted Addition Reactions of
Inert C—H Bonds to Carbonyls

Tong, Hong'en Guo, Hongyu™ Zhou, Rong*
(College of Chemistry, Taiyuan University of Technology, Taiyuan 030024)

Abstract Secondary and tertiary alcohols are important structural motifs that often exist in a large number of bioactive natu-
ral products and pharmaceuticals. Moreover, they can also be used as upstream raw material for preparation of various highly
valuable chemicals. Among the existing synthetic methodologies for preparation of these compounds, the nucleophilic addition
of nucleophiles to aldehydes and ketones represents one of the most operative ways. However, pre-functionalized substrates
are always needed for this protocol, resulting in low efficiency and poor atom economy. The growing area of photocatalysis
has provided a mild and effective approach for inert C—H bond activation. As a result, the photocatalytic straight addition of
inert C—H bond to carbonyls has been developed, which affords the synthesis of secondary and tertiary alcohols in a new
manner. The visible-light induced addition reaction of inert C—H bond to carbonyls was classified by three different mecha-
nisms: reductive radical-polar crossover (RRPCO), radical-radical cross coupling as well as radical addition, and reviewed,

respectively. Finally, the limitations and future developments of this research field are discussed.
Keywords secondary alcohol; tertiary alcohol; visible-light catalysis; reductive radical-polar crossover; radical-radical cross

coupling; radical addition
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Scheme 1 Plausible mechanisms for the visible-light promoted
addition of C—H bond into carbonyls
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AR O  CrCl, (10 mol%) OH
| L|2003 (20 mol%) R
or + -
3 DMF (0.2 mol/L), 22 ~27 h !
MeXy R "~or Blue LEDs ~o” X
31 examples
Ir-photocat. = [Ir(dF(CF3)ppy)2(dtbbpy)][PFg] 27% ~ 95% yields

or [Ir(dF(CF 3)ppy)2(bpy)l[PFel

Selected examples Ar = 4-FCgH,4

NPh,
OMe
. OMe

57% dr>191 72% (dr>19:1) 90% (dr>19:1)
OH Ph QMe
ek
ARG
85% (dr>19:1) 68% (dr>19:1)
Mechanism: yTTTreTmTmmmmn T AT
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Scheme 2 Allylation of aldehydes enabled by synergistic visi-
ble-light and chromium catalysis

FFMFEAFIHLIEE, Mitsunuma 1 Kanai 2501745 5 1#
FINYwEERGEAL TR CrCL ANE A Bl 2R Cy A
FUEXUGEMEMRAC (4 L1, SEEL T I A AN A 0 T 4L e

http://sioc-journal.cn/ 55



BIKE

ik SR

[(Scheme 3). fEHARR T, AN Cr(DfEALFIET H A%
RNARERA. AL, BT HANEIEY 4 SRS K
;A RBAZER K, KRS 47T IRERIK, S
N HEAR R AT, N Mg(Cl04), B MgPhPO; 1] LLiE
A E AR E B R 47 Xyl-Acre, BETTH &8
A R R TR R, o S SIS R ST A B R T L B
TER. Beah, fE# R, 244 A &5 QA L
T TR bR B T EUR S, Hopiz i Rt m

Photo-cat. (0.5 ~ 5 mol%)
o CrCl, or CrCly THF/L1
(2.5 ~ 20 mol%)
R" “H w/ or wio NaO'Bu (30 mol%)

R1§)\ o/ﬁ

* . Mg(ll) (20 ~ 100 mol%)
R*  DCM(orDCE), 12~48h g2 R3RS:
R%/H r.t., 430 nm LEDs ;
‘ N

22 examples
(e} i
L1

RS RS 33% ~ 97% yields !
Mg(ll) = Mg(CIO,), or MgPhPO, ~ 85% ~99% ee
R' = aryl or alkyl; R, R*, R® = alkyl or H; R® = alkyl
Photo-cat. = 2,6-Xyl-Acr*ClO, or Mes-Acr*ClO,

Selected examples:

@A@@@M

65%, 99% ee

56%, 99% ee 90%, 99% ee

B3 RTS8 T IR A % 10 AN K0 R 0 P A S
Scheme 3 Asymmetrical allylation of aldehydes enabled by
synergistic visible-light and chromium catalysis
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I+ RSN,
R TH ! HAT-cat. (10 mol%) AN |
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R = aryl or alkyl DCM/MeCN, rt., 24 ~72h __ 38 examples
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59% ~ 88% ee
for 6 examples

Selected examples:
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o 5
E : BnN :
47% (dr = 3.6:1, 82% ee)
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Scheme 4 Visible-light catalyzed allylation of aldehydes in-
volving unactivated alkenes
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XR* 0.15 mol/L, Blue LEDs R XR
X=0,S 30°C,21~40h 25 examples
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Scheme 7 Synthesis of monoprotected 1,2-diols via photoredox
catalytic allylation of aldehydes

Rl R4 S5 CN, FECEUGIE JR AL FRIAAAE T,
1 B BB I B P AR 25 2 et — A 58 K '—arﬁUith]&
RN AR — W, AT R T e AL
2 5 1R DGR 3 A % I 1) ke A0 PR O 7 I T e B A e
[ (Scheme 8). fEXAN N H, CuCly IS AT LG RIA
RA, & HECAE -4 8 i % & (LMCT) i 12 4 1%
Cu(l)F1 Cl=; Cl*B J5 SRR K A= HAT i, 15 56k

http://sioc-journal.cn/ 57



BIKE

H YD 12 A1 HCL 12 3% CrDAEAFIFREER, AR
Jor % (L) P TR AR 13 SR A% S S 3E, 3301 75 HCL (A
NN EE =9, e, Cr(l)5 Cu(l)&k4: SET i
TR BN W] 58 B AL JE 1 (Path A). SR, X HE SZI6 DL A%
CrCl3 M1 CuClL G MR 22 it 26453 B Cr(1ID) ok H#4
1 Cu(D). b4, EEANAT DRSO ik 2 B 2R IR A 7 6 R
(% KT Y [RIRE R TR, H CuCl X AH B R0 75
M BT W E R, R, EEUCREERIRE R
HFR, X Cr()A Cu(D) RS 7 E L E B
F. EASEERRE, AN AT R R AT LS 2] H
FRr=, 12 RONBOR S B T E N HAT X512
b 12 A (Path B), {HF=40 SR B B BFAK. BhAh,
Lewis AT DL 545UR FRCOL, 32 sREr= v En s
3, R R AT A

CuCl, (15 mol%)

CrCl, (10 mol%) OH
Ar—CHO + Alkyl-H
MeB(OH), or TESCI Ar Alkyl
CH3CN/DCE (VIV=1/1) 31 examples
390 nm, r.t.
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Scheme 8 Visible-light promoted alkylation of aromatic alde-
hydes via synergistic copper/chromium catalysis
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3DPAFIPN (5 mol%) R®
(PPr)3SiSH (20 mol%) OH
o
/©/\ . 5 K,COs (50 mol%)
MeO R5~ MeCN, 455 nm, 25°C, 16 h
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8 examples
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OH
Ph OH OH
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Scheme 9 Visible-light catalyzed metal-free benzylation of
aldehydes and ketones
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R', R?=aryloralkyl; n =0, 1
when R2 = aryl, Ir-photocat. = Ir(ppy)s

when R? = alkyl, Ir-photocat. = Ir(p-MeO-ppy)3

Selected examples

43% ~ 81% yields

Qe B e OGP

MeHO Ph
81% 79%, dr > 20:1
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radlcal radlcal
cross coupling
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1
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Scheme 10 S-C—H functionalization of cyclic ketones via merger of photoredox and organocatalysis
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O 0 16 (4 mol%) O Ar O
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R1J\H/R N Ar ( ) N 7 °R?
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. PFg !
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R = 4-CF3, 43%, > 20:1 dr, 98% ee | ‘BU‘@/S Ph |
E 16 :
Mechansim H o
B
Ar N
o) )?\r o) RO]*
HO R1 /[Rh]
[Rh —N
[Rh]
2 N
HO™ R1 Hp
Ar
+H* 18
0
o /[Rh] ﬂ\rfRz
ET &pPT
RZ ) \ [e)
HO 'R K o
O / /\\ R1
2
N R
[Rh]—N On
19

radical-radical 20
cross coupling

ER 11 A IOG R AL 2-BEIE kA 2-BERELIE R B LA TR C—H B RN
Scheme 11 Visible-light promoted rhodium-catalyzed asymmetrical f-C—H functionalization of 2-acyl imidazoles and 2-acylpyridines
22 ZETF afii C(sp®)—H GEat i KA, FUEERICEY) 21 1ENER 5 Wi & Je 5o 1 1)
St T B A S B B UL 3, 5 2-:%;@%%%\%@2 ?—:ﬁké@ﬁ*ﬁ%ﬂttﬂiﬁﬂm, iFJEE”&L&
. GIE BB AS, S E R N-F TR
TR A B T A R N B R T, Ek e -
S A S T 1 MR o SR T 2, 12K iggmiiﬁétifﬁ1‘Wﬁiw I
tAMARRE W] BIE Y HAT 60 51K R if iR, 0 A] LA - EXX PP,

. w1 b A o b6 )5, Rueping IREZHBPOIEE T AR A R, 5L
NIRNYNEES 5 R, £ WG SUREA T2 1 \ \
e R T TS BB LR N (Scheme 13), ALY

Meggers EEAIIT 2016 fﬁ R T T Al = Ir(ppy)2(dtbbyp)PFs /A7E T, bidk. pqz (A HaEE.

T AR RO, b SRS NN TR R RIS, 51
W) 1,2-F .
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s —
J(l)\ tBu’Q“S PFg’
. 7
| Me N
X" "CF3 21 (3 ~ 5 mol%) HO, __\CFaﬁf ey |)\©
+ o1 f, |
CHCl5 (0.4 mL) X>\( R | I
) AT CFL or Blue LEDs R? 3 ) N/ |
R\/N\R1 14 examples @ _C~
57% ~ 97% yields | Me Ny
91% ~99%ee | :
R' = aryl or alkyl; R2 = H or aryl !
X = 1-phenyl-2-imidazolyl or 2-pyridinyl ; 21

Selected examples: ap = p-MeCgH,
HO CF3Ar

YV HO OF AT

~ N < N

</ | N Ar
=

82%, 99% ee 74%, 93% ee 92%, dr =8:1, 94% ee

B 12 AT OGS A AL = 5 TP R R B AR BRI be R
_\_\L

Scheme 12 Visible-light promoted iridium-catalyzed asymmet-
rical aminoalkylation of trifluoromethyl ketones

[Ir(ppy)3(dtbbpy)]PFe (0.5 mol%)
? ie PhCO,H (20 mol%)

N N<
Ar Me p-Tol DMA, Blue LEDs Ar p-Tol

Hl\llle

25°C,6~24h 12 examples
e 46% ~ 75% yields
Selected examples:
p-Tol p-Tol p-Tol
| | |
SIS SIS U |
HO™ "CgHs-Me-p  HO™ "CgHy-X-p  HO™ "CgH4-CO,Me-p
X=F, 64%
0, ’ 0,
58% X = Cl, 60% 66%
-Tol
p-Tol p-Tol I|)
N N me N
e
Me” Me”
HO >N
HO™ “CgHsMeO-0 HO™ “CgHs-NHAC-p | P
67% 48% 66%

B 13 A WAL TS B s B i e e A S
Scheme 13 Visible-light catalyzed aminoalkylation of aromatic
aldehydes

M SORE SEBURE— 30 40 58 11X — IS A 96 il &2
i B AN — 55 B ) (Scheme  14). 454 H 3l 3R 90 5
R K LI I 45 3, R HEMMLE T & %,
Lewis 2% A 1) Bk 25 I AR KUK AS (R D6 AL 571
(1), AR (V) AR Ak 22; I(IV)BE 5 5 /%
KRR A SET I8, 193 H B3 PH 1 237 A
fEAGT Ie(11D); 23 ZERIPE T R 2505 7, #EA6A o-fi%
L E B2 2305 22 5 23« A E - B SRR SR ERED
LA N HAR =), 12 RSk AN HL 5 T 80K, TEiE
SR E, RS BRI, KIS TR
B IE). eAh, EEAE F RBA G A IR AN 20 SR
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N ]
E1 o )CJ)\ fac-Ir(ppy)s (2 mol%) E&Ar
R Ar” R DMAP, LiBFy, THF, rt. g7 oH
3 W Blue LEDs R3
R' = H, alkyl; R? = aryl; R® = aryl or ENG 17 examples
R=arylorH 29% ~ 68% yields

Selected examples:

ph_ P ph N ph. N
H OH H OH OH
N N HN
/ /
p-MeCgHy CN p-MeOCgHy CO,Et p-ClCeH4 CO,Et

58% 54% 64%

p-MeCgH,—NH Ar
>_kAr
Et0,C  OH p-MeCgHy—NH !

Ar = 4-MeOCgHy, 48%
Ar = 4-FCgHy4, 53% 63%

X
it radical-radical
F cross coupling *‘
_Li*
R
Ar R/

el
lr'V
Base-H*
)
&V\g‘\\ SET/-\ R

R3 Base

[}
Ir R

B 14 W] WG T 7 WA ) ff e A 82
Scheme 14 Visible-light catalyzed aminoalkylation of aromatic
aldehydes and ketones

(R4, A R gt TR R 2 2R I 28 e 82 1) 43 F P A
T — R Z AR . AN TTREFIED
(Scheme 15). 5 Bk MAENLEE FBEH 25, &N H
1) o~ H B AR A E 2SR o 7 C(sp®)—H
B2 HAT I RRAE . ERERIE, 2 RFME
FA 510 e e J T F L R 4.

2018 4, VEiH B AHPUE FH B0 1 Ru(bpy)sClo®
6H,0 1E AT SEE 1 2R ALLH S B (Scheme  16). 1%
SN 5 B R IAE = 2% —f%(DABCO). R Al LiBF,
YERE NG, A#E R LiBEs 1 REINFIN, N LA
REREAT, H2HE K ILU0 3R I B R e 0% (2 30 8 IR A
A PE R B 25 B AL Ru(ID). Htl, 1EF % &
¥ R TR T AR A T A (PCET) I A2, AR IF R
$& ) DABCO # LiBF4 [ A 2B =, L
J LiBF4 fg 52 #E*Ru(ID) 5 L K & 2E SET i F2.
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BT FREHR

Ir(ppy)»(dtbbpy)PFg (1 mol%)

0 R3 Methyl thioglycolate (20 ~ 25 mol%) \R1
)\ K,HPO, (20 ~ 25 mol%) o OH
R" Y, N7 "R? P\"/;,,-Rz
) DMF, 5 W Blue LEDs, r.t. N R3
Ar ;\0\
R" = aryl or alkyl; R2 = H, aryl, alkenyl, Me 36 exa:nples
R®=H,Me;n=0,1,2 51% ~ 95% yields

Selected examples:

Ph
PhN. X PhN F;
PhOH OH p-FCeH,

65% (dr=2:1) 55% (dr=1.5:1) 83%(dr—10.1) 75%(dr 9:1)

Ph Ph Me Et

O% O, & o

N“Ph N7 NpFCeH, N~ Ph N~ Ph
Ph Ph Ph Ph

78% (dr=9:1) 76% (dr=7:1) 95% (dr>20:1) 93% (dr> 20:1)
B 15 AT LG ARER I 5 T P e B4 s B

Scheme 15  Visible-light catalyzed intramolecular aminoalkylation of ketones

2
o Ru(bpy)sCly6H,0 (1 mol%) _
R? DABCO, LiBF,, oxalic acid R Narbet

RN * R®
~ " Ar/Het CH5CN or DMAc (0.2 mol/L), Ar QH
14 W white LEDs, 12 h @ R
1 =
R2 I;I alkyl, aryl, CO,Et or CN 36 examples
R“, R® =H, alkyl or aryl 27% ~ 83% yields

Selected examples:

OH ? OH H
N-pp, “Ph ~4-MeCgHy4
R
4-CF53CeH;~ ~OH FaC R’
R = Me, 60% R' = CF3, R = CO,Et, 62%, dr=1:1
0, —_— . f]
72%, dr=1.4:1 R = Ph, 27% R' = H, R = 1-naphthyl, 34%, dr=1:1
| Ar=Ph, R = CF3, 52%, dr=1.7:1
“Ph Ar = 4-CF3CgHy, R = Me, 50%, dr = 1.8:1
OH Ar =R = 4-CICgH,, 69%
Ar R
Mechanism:
(I o)

AL R @ R?
e

H. X DAB
o ’\< co Ar/Het
| ﬂ'\j OH

R3 N

/ \&/ SAr/Het

N (] OH
| -N 8
Ar/Het @ INX @ AN

R2 (@]
Rl N+ B R3 |
“Ar/Het R1_N#
e @ Y ArHet
H

BR 16 AT IDGAEMLZE H 57 & i 7 3RS R R 00 5 2 I () i e A S bt

Scheme 16 Aminoalkylation of aromatic aldehydes and ketones by photocatalytic proton-coupled electron transfer
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FESSA AR R R, FH AR ) st ) 5 B4 F g 404
R C(spd)—H 824K, G T — FR I 3-F25:-3- el dk-2-
W5| R A7 A= 90(Scheme  17). R4, 153 R BRI 175 Al
TCAIR BT BE 0% . 5 M BE 2010 AR IBGT AE.

e Gt KAmBER L o 7 C(sp’)—H
AR S RE(BDE) B R P, BB 2R 5 Wi PO D) 2> 55
b4 SR A TR [ 8, 3 DASEIR Bk BRI M) o -
B AR R

2022 4F, XA N B AEBSRGE T AT Wi S
FIREFERREE o A7 C(sp®)—H #EXTEELLATAY) 3-C A It

FR %S N (Scheme  18). 1% e b FL AT B I 1B fig 41 3%
Bk, AFETERIR A C(sph)—T 8. C(sp®)—C1 4 A 5k
TEN 2P LB RE, YIS Rom I SR E T, BEAk,
AR RE BRI EE o A7 C(sp®)—H 4 LS AL A7
[ C(sp®)—H BEAN S5m0 SN A7 e Bk, 3R I AR i
a2 M%) 7 SET 4k HAT i F2. A ant, £7BH
72 S AR A4S F R e SRR R S L — M T AT
SN, TESEEERE b, fE# P — R RN T 245
O3 RERTEIRN B AT R 2 R R 5 1) S ) A 1,
Fe W12 J S LA AR v TR R AR 1.

O Ru(bpy)s(PFe), (1 mol%)
= R® o-fluorobenzoic acid (40 mol%)
1= 2
R X | N ° " R\/N\Ar DMPU, Ar, r.t.

\

PG
R'=H, MeO, F, Cl, Br, Me; R? = H, aryl or CO,Et

R® = H or alkyl; PG = Bn, Me, MOM, Bz

R =Me, 77%, dr> 20:1

N/—O R = Bz, 41%, dr> 20:1
R

N
%, “Ph R=MOM, 78%, dr> 20:1

25 examples
41% ~ 97% yields

HO HO /

/
N N
~ _Ph %, “4-MeCgH,
/=0 /=0
N N

Bn Bn
70% 53%, dr>20:1

B 17 AT WA LLATAE MR e e A S 7

Scheme 17 Visible-light catalyzed aminoalkylation of isatin derivatives

Ar
/

arSH g O Ga(OT)4/L2 or ent-L2
X (1:1.1, 12 or 15 mol%)
or + | 0
NN 4AMS, EtOAC, Blue LEDs
S _H S0,R? 45°C, 20~ 40 h
Ha

Selected examples:
HQ __ piCeH, HQ

\
SO,Mes

62% (85% ee)

\
SO,Mes
77% (91% ee)

HQ _ p-CHOCgH, HO _ p-OMeCgH,

s -~ s
0 o o
N N N

53% (88% ee, 20:1 r.r.)

53 examples

E Ox [+ > OYO 5 37% ~ 90% yields
2= YT ON AN R= 5 77% ~ 97% ee
: N TR Me Me !

P S
O
N

\ \
SO,Mes SO,Mes
59% (90% ee) 62% (88% ee)
OMe
|
N
)=0
p-CICgH4

r.r. = regioselectivity

B 18 Af WG SHELLATAE MR ek Ak S5

Scheme 18 Visible-light promoted sulfur alkylation of isatin derivatives
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BIKE

2 A BT LSO 2 AT 2 B R R 21 1R A TR
BT iR -2 AR (EDA)VE AV, H =% PR LT
AR BEL RSN AL T SR B, B4l S
B, RS EFEEHE 1.93 VIREE T 1.96 V,
Al LA BRI A S, BE T iR st 45 R, 1@%%&7
AT BE R 2 8 WL B (Scheme 19): $E4L 5 H T XA
AR Lewis Ha%@ﬂﬂﬂ?”&qﬁ—fﬂjﬁﬂ 7\‘47%(7,%%‘\(24*),
24* 5k 4 SET Hr iR+, 53] -5k H H
FE 25 A1 S B WL B 3 26; 25 AT 26 48 T ARE R
(1 H 2SR A SCBIE, BT 48 2] B A5 =9, 3h )
2RI 2R RN (KIE) S 36 FH S KA 07 R R 8, C(sp®)—
H 5 1 W 24 A% S DL 1) s 5 B

B 19

Scheme 19 Proposed mechanism for sulfur alkylation of isatin
derivatives

BELLAT AL e A S5 7 R T REATL B

2.3 FAIFBREAL C(sp®y—H BxtErEAIINAL
[FRETEAS A I C BRI I 261 T, VLA 55 L 4H B
15 FH AR OR S AT AE VR R BRE Y, 25T mT WOk d 2
ASKIHR E - E RS XL, &R — &Yk
AR) 3-FRHE-3- R B2 WA B AT AE ) (Scheme 20). 1
HORI, BRI Ee L BA B m RN ETE, AT RE 2
AR B SRR BB, feis 5 F R4 SET i
T2, 1920755 7 il BRI A k. MHF KR, 4-
DR ] LS EELL R N, 13 B [FIFE R =Y, R
SET MLl 712 s B4 2 R A& AT AT 101 S o Jod 7 B AR
(1 FF A AT DATE A &R NIRRT SR, 4R, 1X R
YA AR, A DL 2 H ) T DO SR g
o SIH) C(sp®)—H BREIFIFE W] LAYE S L2 1F T IR B EE 4L
3-C PLAERIE I, 1EFHENZ [ NAB I HAT /2. {8
BRI, 1EE NP, SELLIRYITE R BT
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230 hitf 5824k, 1B 2 60 hiv H AR e 4
BRI R, FEOX—ILRIER Dy, B B B A K
TR LA B A R T TR I Y, ER R AL O R
TR S, (FEER AR TP T
P 4R A S L

o} (o)
0 =
= (L3, 22 mol%)
R | 0 NMe, R
N La(OTf)3 (20 mol%) Ar
HO, R2
. Ts 140 mg 4 AMS PN
PhCI (or neat), 25 °C R_\ | o
R! y  Ar3WBlueLEDs, 48 ~60 h N
2 Ts
R 37 examples
R'=H, D, alkyl, aryl; R> = H, D, Me 35% ~ 87% yields
R=F, Cl, Br, Me 78% ~ 99% ee

Selected examples:

T Ee I

58%, 98% ee
(76%, 97% ee)

R= Bn 52% 29%, 92% ee
95% and 88% ee, dr = 1.6:1 (57%, 98% ee)
R = Ph, 50%, 97% ee
(77%, 99% ee)

Mechanism: O 0]

\ Path | | Path Il Q‘

\JSET HAT

Af:*‘ﬁ

radlcal radlcal L3—A- O
é ;  cross coupllng N

R

B 20 AT OGS S EELLATAE VIR R R S R
Scheme 20 Visible-light promoted benzylation of isatin deriva-
tives

AU, PRE PR HRIE 1 AT I 3 1 9-Z i

S HATAEYIR R AL S (Scheme 21), 7EAL2:1HE CsF
MIAFAETS, & H T HEE AR IR e IR 5 22 R 1Y
O-Zi BT M BEAT N, 133 9-ZWE ). AN, 5
B B PTGE R TAEM L, 12 e R R R R
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Eh W N2
R']
/\ N
— R3H CsF (1.0 equiv.)
+
/=9 A~ SRt CHCN, Air, 25°C, 24 h
12 W Blue LEDs Rt
/ / X=CorN

32 examples
39% ~ 91% yields

R R'=H,Br;R2=H,F, CI,Br, Me, CF,
R3 = H, Me, Et, alkenyl, aryl; R* = H, Me

Selected examples:

4- OMeC5H4

5 ;

R=H, 91% 89%
R = Me, 88%

B 21 AWl 9-Z5 BT AR I R AL SR
Scheme 21 Visible-light promoted benzylation of 9-fluorenones
2019 4, XA R T fac-Ir(ppy)s
YENGHEAL R, B AR & IR P Bl = 7t P 6 e o P AR Oy
HAT AL FIRI P AR R, BENS m RO A A7 I AL
“RAL C(sp)—H BEEUBEE C(sp?)—H ST BRI HEAT I
AR BRUEE =9 (Scheme 22). 1% N EA T 1 (K

fac-Ir(ppy)s (1 mol%)

o i o HO_ R
)I\ + R—H Thiol (10 mol%) \ >r
Ar” R Acetone (0.1 mol/L) "R
42 examples

R = (hetero)aryl, alkyl; R" = allyl, Bn, acyl 22% ~ 90% yields
Thiol = KSAc or the combination of PrSiSH and K,COg

Selected examples:

Boc
/@)i\

8% 40% (rr=3:1)

1 \—/
radical-radical ‘
cross coupling

self-coupling '
'
OH HO
Ph Ph Ph
Ph>H< Ph Ph
OH

B 22 ) W I ) A 0 ) 0 7 2 A
Scheme 22 Allylation of ketones enabled by synergistic visi-
ble-light and thiol catalysis
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T APERE Be e A, T T 24 RIR =R 2 o
FandEd DIRE . R B F IR A A A Y S e .
Ah, RS TIOR, BOGEAGTIF HAT fE46HIRH &=
43790 1 AT 10 mol%#AIK A 0.1 F12 mol%. AT, —hi
FEPR JECA) HH T340 5 P A AR T AN B B 340 S5 M A B () e
B, AEH Tk R, BRI T A B IR S OK
ER FERETCIE R AR — B HLEIRFL LI R,
NIRRT SISO P 2k B AR R, H 5 R A
AT DUA SO RO A DA A e (10D, SR, 1R 5F
ARG HH I A7 25 2 75 1T DU K I (TID) I AH A5 2.
BT FIFERALER, 8 A8 SORXS [E] 22 S8 ST s A
R EFERN HAT BUR, SE 1 =960 FF R 1 R B4k
S Ni(Scheme 23, a), Ffiff— 24 H N H T AHEMIENE S+
I Ja #1241, Mannodi-Kanakkithodi FIfphF=ASZE 40V B,
o FAR ZnlnoSs ] LLAE o' B0 M A otk 2K e R
(Scheme 23, b).

(a) 1 ) ) HQ EWG
JOL . R Ir-photocat., LiBr 1&(“2
AT EWG A2 >R2 4 AMS, Acetone r A
1_ . p2 = Blue LEDs, Ar, 48 h
R' =H, Me; R“ = H, Me, aryl 38 examples
EWG = CF3, CF,H, CO,Me 42% ~ 82% yields
Ir-photocat. = Ir(dF(CF3)-ppy).(dtbpy)]PFg
Selected examples:
HO_ CFs R =H, 70% HO CFs,
Ph)%/Ph R=Me, 65%, dr=1:12 Ph 45%
R = Ph, 48%
R
e
C
() )OJ\ b Aly— hv, Znln,S,, TEA R' OH
Ar” R! CH3CN/HO (VIV=9/1)  Ar” SAllyl
11 examples

< 5% ~ 91% yields

Selected examples:
: OH
m>< S ‘ c'

82% 73%

B 23 A TAE 9 HAT BB R SR AL SRR A A
AR B s T A e

Scheme 23 Benzylation of ketones with Br as HAT reagent
and allylation of ketones with semiconductor as photosensitizer

Yoon i 4H 47 LI R AS I *Ie(IID)  [Ir = Ir(dF-
(CF3)ppy)2(dtbbpy)BArF 5[] -5 75 FH L R e 27 K A&
REE RS, MR =&EN 27+, M 5 ERIRY R E
Paterno-Biichi ¥F i1 %, #4350 4 4% 34 T i 45 #4 (Scheme
24); 51N Lewis MRUEALT G, *Ir(IID) [Ir = Ir(ppy)a-
(dMeObpy)PFs] % 5T 5 28 K4 SET i 2, 53] Ir1V)
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SR SHR

it
Bt

ANFRIF DA 30, In(IV)FE Ja A KR RV F 2R D i
F, AR EEEBH B TR IR A 2977, 297 b 1
WO B R G, 5 30 K4 B dk-B hR
SUIBHR, B )m 28 1 g RE AL D e R R 7 ).

hv Me__Me

RO #|pll Tl 0 Me
0 OR Me"ygMe o—]Me
) A —
A Io) Ar" ='""Me
27 ' 27+ RO,C Me
24 examples

44% ~ > 99% yields

OH Me

-\ .
hv \ .
"o ( o Yg o, c)\/&f e
*l ¥ 2 Me
— " and
Ar

OH Me

28 © 30° Arv

RO,C
2Gue Me

22 examples
49% ~ 96% vyields

Selected examples:

OH OH
M y RY U
RO” Y0 3\/\o

EtO o
R = Allyl, 93%, rr = 5:1

o, =4 9 =
R = Propagyl, 83%, rr = 4:1 69%, rr=4:1 49%, rr = 4:1

B 24 AT WOCHEAL o 10 445 A 20 e L
Scheme 24 Visible-light catalyzed allylation of a-ketoesters
2.4 35 C(sp?)—H BEXFRERIMAL

75 HE H HER I BONEIRY, H Csp)—H
BDE %0, Ik, C(sp?)—H #KR AR BB
R TE R ) 2R B ) 5 BB AR, 18 E AR A AE
T, E TR I AT PAZ i B A A Y E
FEPHE A, BEAT Ja 2 R0,

2022 4, BRI, BT o7
LM A R HEE, L R 20T R
AN - HE B 4k 31, £ FIEBRRAAAE T, J7 Wt
IR B 56 5 ()R E SET i f%, BEJ5 5 31 KAEHH
Fe- H H A SURERAN 7 T N BE A e i) B BRI AR, EL%
HeA Sy N-J5FECRAPI) 3-F2dk-3- 05 He-2- 15| W fiT £ 4
(Scheme 25).

3 ETBaREMAIEINES K

5 bk 5 i - E A OB B E], il
FE /N BB B, A KA BT M %04 A 1)
Lewis P& 1477 e 1 1 i) ik 24k & 0 kA AP 3K (out-
sphere) L T ¥, AR T HRIEEDF AR, BLEF, 15
PR S VAT AE IRk 1 2 R 5 10 B SR XU A T
TRk, ARG HE B 32, 7F Lewis IRIEA R, X—#h
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0. OH
\P/
9-anthryl /N~ 9-anthryl

N A
X
|// \@ chiral phosphoric aC|d (10 mol%) R (:f%
2 Ir(ppy)(dtppy)PFg (2 mol%) Z N

o)
R! + R
o) Blue LEDs, 4 AMS @
OMe DCE, 20 °C \
Ar)J\H/ —/‘
o] R?
R' = OMe, OEt, OAllyl, Ph, SMe 40;5%22/‘0"';; ds
2 = OMe, OEt, OAllyl, Ph, SMe, Me 40% ~ 95% ee
Selected examples:
HO, Ph HQ, Ph HO, Ph

MeS Ph MeO
o
54%,91% ee  SMe 51%,87%ee Ph  64%, 60% ee

radical-radical
cross coupling

B 25 AT WOGHEAL o~ 05 HE Ak SR

Scheme 25 Visible-light catalyzed arylation of a-ketoesters
AT E KA E 2R R M 5 38 JR ARG K A
SET b F2153-54 i %4k 4 B A5 = 4)(Scheme 26). %%
R AR A, B R R & A B RE A,
1E Y6 HEAL T Ir[dF(CF3)ppyla(dtbbpy)PFs A1 HAT 17
NaBr fIfFE N, AFRFEERE. i SURE Csp’)—H
B P C(sp))—H HULLAETER MR C(sp’)—H
B, S RENE TR M Ee A O AE S Rk ) R, O AR S
SR SR, A 2-RH R R () O B AR 9 R A
0 AR B F R, 05 2SR BT e
JETE Lewis BRAEALT, IREMSZNH 4. (A5 1%
2, PRIFEREVIMIRE 5 KA BRI HAT /%, A2
B IeEEMINEIL = Y). R NARR T, X
VRIS NSRS €N
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Er or Sm(OTf)g/L4 ~ L7 (1:1, 10 mol%) OH
W)Lw IN[dF(CF3)ppylo(dtbbpy)PFe (1 ~ 2 mol%) R jA 1
R

NaBr (2 mol%) Q/ \ 2
MeCN, -30 ~ 50 °C =X
R? —H 20 or 40 W 440 nm LED 31 examples

27% ~ 97% yields
0~96% ee

R' = (hetero)aryl, Me; R2 = benzyl, allyl or cycloalkyl
R3 = Me, OMe, CI, Br; X=CorN

C\N/\H/a_,\“ L4: n =4, R=2,6-Pr,CeHs
o o L5: n =3, R=2,6-PryCgHs

o= | L6: n =2, R =2,6-Pr,CsH
_ H— (0] ’ ’ 2v6'13
N-H N L7:n=1,R=Bu

Selected examples:

OH
OH
R N . Ph
N\ \ | AN

R = 4-MeCgHy, 90%, 88% ee 73%, dr=1:1,71% and 77% ee
R = Me, 30%, 69% ee

83%, 91% ee 39%, 83% ee 34%, 0% ee

Mechanism:
R2— H

e -

Tl

\ IrII
_ /SET Br OH
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Scheme 26 Visible-light catalyzed asymmetric alkylation of
2-acyl pyridines
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LiCl (1 equiv.), 48 h, r.t., Blue LEDs

R' = H, alkyl; R? = alkyl, aryl

+ R3
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Scheme 27 Alkylation of ketones and aldehydes under syner-
gistic visible-light, TPI and titanium(III) catalysis
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