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Recent Advances on the Photo-Induced Reactions of Acyl Radical

Ruan, Liheng

Chen, Chunxin

Zhang, Xiaoxin Sun, Jing*

(College of Chemistry, Chemical Engineering and Environment Engineering, Liaoning Shihua University, Fushun 113001)

Abstract Recently, the photo-induced radical reactions have emerged as a hot research topic in the field of organic synthetic
chemistry. Among these, the radical acylation reaction via photocatalyst is one of the most effecient strategy to prepare ketones
under mild conditions. The recent progress on the photo-induced reactions of acyl radical, various acyl radical sources and its

application in the organic synthesis is summaried.
Keywords photo-induced; acyl radical; decarboxylation
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1 8 r.t., visible light Ar
9

1.2 mRFEHENRR

Fu B OHRIE T =B AR AT O 5 U 4 R AR
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L0 O
1) OH NaOAc or K;HPO, o
10 1 DMF or DMA, 25 °C 12
36 W blue LEDs, 20 h

[I{dF(CF3)ppyla(dtbbpy)]PFe

RHO . x {‘} NiCl,edtbbpy R}/_CY )
d on \ | / Li,COs, 1t I\ j
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Condition A: I, (1.0 equiv.), NiCly*glyme (10 mol%), Cs,CO3 (1.0
equiv.), [I{dF(CF3)ppy}2(dtbbpy)]PFs (3 mol%), dtbbpy (15 mol%),
DMF, LiF (1.0 equiv.), 60 h, r.t., 35 W blue LEDs.

Condition B: 4A MS (80 mg), Rose bengal (1 mol%), EtOH, air, 10
h, r.t., 3 W green LEDs
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Scheme 4 Decarboxylative alkynylation of a-keto acids with bromoacetylenes
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B 3-I AR -4- 05 B A 53 AT AR 53 (Eq. 12). 1% HH
FEIR R BETE LA 250 T 58 BB My e pE AL 7 (0 2644 T
DU P~ 15 3] 20 2 M & 5 R 2R
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K,CO3 (50 mol%)
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[
SURE.
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Ar, visible light

O
@fﬁ”
o” "0
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3 REBHES CO BRELEMBERRE

AR R R E NS ERE. RERILEY
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B E WA, M E B2 S AR N ECRE 8% 15 2
HEBEE, X2 RAEREENBE A B RIE. Ryu
5 Fagnoni 25HE3H T £ 0] WO/ N TBADT kb
J& 54, CO KBRHLFIMIE 3 1) 2 LA BB S5 L i) £ AN Xt
FRERZEAL A 55 (Scheme 7). NI T RETIRE: KilEfE
AT WA AR R i@ C—H iEL1S 2 kit H H 3t
WFh, BEfEHYE CO RAFREEIY bt B i ZE A,
e RS E 2L 5 B H T B e R AR N R R4S 2 H
PG, TARSEIR R NAR R SRR TR 54

H” R blue LEDs, Ny, 24 h
49 34 50
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R2 TBADT (4 mol%) O R?
Xe (500 W, Pyrex)
R—H+ cOo + Rl_~ EWG EWG
54 CH3CN, 20 h R
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 55 ..
{
* 1
W4003,% R%
hy 10Y32 co EWG 0 R?
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Scheme 7 Three-component coupling reaction
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ALY Vi (Scheme 8). [ Bk R4 AN B A R BT
f&ESS, BN A PLGEME AT LA 7R
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S il £ 757 BB AL A 58 111 B (Scheme 8).

(RoH) o
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| —_—

R BFs o
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C
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=

58

56 5 W green LEDs
CO (709 kPa), CH;CN, r.t., 16 h

BX 8 F7FREKIES 5K hEREAL SN
Scheme 8 Radical carbonylation reaction of aryl diazonium
salts

Xiao VRAHIHRIE T BRI A A AE AT WG 1E H
R R 34k R ik FE R FE AL [ i (Scheme 9). FEiZ AT
DAEEFAIE TR R R 2 CO, TR R F 2, 1E
CO FEAMF Fidt 3t S CO 454 nT LTS BBk IE bk
FA ) 62, BRI 5 61, ZRMNIKRCE
FS Dy 1 R FH B T OR F=47) RE SR B P e Jo Bl ) 1) 5%

Odell 25 HRIE T o WOGSAE R fac-Ir(ppy)s HEAL
e IS ALY 63 5 B A1 64 11 I FH R R IR IEAL
B b AL A 65 (Eq. 13). 1% B 2 AR
JRYEE M R AP, HEERZHT CO KH T Mo(CO)s 1)
B, AR EL TR, R—MEMZAe, B

[Ir{dF (CF3)ppy}a(ditbbpy)IPFe Ph
. =z
Ph(R") 7 W blue LEDs, r.t. R o1
R—COOH + || —] Cs2C0s 4AMS, DCM, 4h
59 B [I{dF (CF3)ppy}a(dtbbpy)IPFs
60 2 x 8 W blue LEDs, r.t. R ™

Bl = benziodoxolone ¢ (508 kPa), Cs,CO5, DCM, 4h 62 R

B9 FRIRMIBEAL SR
Scheme 9 Alkynylation of carboxylic acids

TBA (2.0 equiv.) 10
RUA, R R _facliopy), @ mot%) R% _R®
R2 * H Hantzch ester (50 mol%) 2 ’t (13)
63 64 blue LEDs, Mo(CO)g 65 R

DBU, 20 h, 70 °C
HF R AR GERRIEAL 7 5.
4 C(O)X {EHBtEBBEIR

B 7 DA JURR S WL MESE B R E AL, ol —2eqk,
EPAE ] ILGAE B BB IUR M A5 21 P 3L B bl 2.

41 BEMEABEBHRER

L4-ZHREAL BV B A R S R A 4
YIEPE R IR = R fEARZ G O ET, &
W 514k AR B2 P FH ISR B el 2 SN & il 1,4- 5
SA6E 4. Wallentin ZECOHRGE 178 W] IG5 1 R I R
IC T I A e L) 46 1,4- Bk A 4 68 (Scheme 10).
ZR AR PREE 66 SRR — HHR(DMDC) & Je E R
RETRET 67, SR J51E AT WOGHE AR 22 T R I AE i 1 2
H 2, B e 3t [ AL V. Zha Z5PURIE T
FERI WG R, SRR S kIR — F I S AL TR BRI R I
Pk e B PR AR, AR SRR O AR, @ BT
(SET) 5 &5 T # 8 (HAT) 45 & S B 1 2240 & Y i
S AL B (Scheme 10).

Wallentin #8207 IE 1 17 065 S04 12 10 H B
05 T R A B H TG B EH IR R A/~ A e o AR P XY
ReHI SN, PR e N 5T AT DL kil 46 1,4- 51
(Scheme 11).

o)
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X
redox-neutral R—— fo)
acylarylation Z N

68 R2
O H
Olefins R
3
hydroacylation Ar R
R1
69

B 10 IR ARRIEHE 9L 5 b Al ok ok

Scheme 10 Mixed anhydride as acyl radical precursor
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Scheme 11 Symmetric anhydride as acyl radical precursor
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TIRIFEACE YD 4, RN T HUR SR 2P R e
R (1) 1) 5.

o O
)j\ J\ fac-Ir(ppy)s (1 mol%)
Ar O” “Ar i-PryNEt (3.0 equiv.)
70 R? Hantzsch ester (1.5 equiv.)
+ RL
j\ j\ EWG  CH,Cl, (0.1 moliL)
Ar” 07 “OR 3 24 W blue LEDs
(in situ) Nz rt,3h
73 0 R?
(14)
Ar EWG
R1
4

42 BSHEMAREESHRER

T S AL & Wt mT DUE N — R 25 B el 28 A O A4
Yang Z5C0E 1 AT LA S LR ST EBEEIL &) 74
LR 75 BIILSEINABUR N, mRchE] & T 1,4-
THRIEL A 76 (Eq. 15); Xu ZEPHRGE T AT WG AE T
1,7-1 B2 A A0 77 ([ 2+ 2+ 23 S N, 3 e BBk ik
F H B3 K F AR FE S AR T 2 Pl iR 2R AT A
¥) 78 (Eq. 16); Xu 2PN H KRB T R AA R 1,4-
TERIEI AL A 80 S K(Eq. 17); Tang Z5P7HRE
T IOEE SRR ERTE 81 SIS S H tA
WA, it “—BE” BT B EEE A
GERATAEY) 82 (Eq. 18).
4.3 WMEEHEMAREEHRER

2-SMIERMEAL SR E . Sl &, T LLAE Jok

fac-Ir(ppy)s (1 mol%)
HEH (2.0 equiv.)

j’\ ~ NaHCO; (2.0 equiv.) o)
+Z TEWG > (15)
A G blue LEDs (460 nm) Ar)J\/\EWG
74 CH4CN, rt., 24 h 76
A
N /O fac-Ir(ppy)s, 2,6-lutidine
Cl * R CHLON.rt. 12h
blue LEDs
X=0, NR2
R3O _Ar
[ |
X
R (16)
Z>xNo
78

o
)j\ + O\ fac-Ir(ppy)s, 2,6- Iut|d|ne
Ar Cl

CH3CN, 20 °C, blue LEDs

74
Ar
Me
X
RIS o (17)
Z=N
\
80 R?
R2
)(J)\ + N || [Ir(ppy)?,],2,6-|ut|d|ne=
A o R CH4CN, Ar, 100 °C
74 g0 O 5WblueLEDs
R2 O
XX
R Ar (18)
Z>0" 0
82

e A ATINE. Gryko ZEPSHRIE T AT WOGIREh &L (1)
1, 2-S-MEWE i 16 83 T2 A3t H i 2, RS d Rk
. Giese-ZUM A [ M (Scheme 12). WF7E &P BEEE

Al RESRIE T AN 2 A Ak 87, HAE A WLk
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0
Zn, NH,CI, CH4CN, R)%R?RKZEWG

clos

R3
o & R 85 (5 mol% )
PPN |+ EWG
R >s7ON R2
blue LEDs, r.t.,, 16 h
83 84
Co(lll) o /|
Zn, +2¢e”
l RJ\S SN
83
Zn + € Co())
=z
S
s N
Co(ll) o
v R)Lc:o(m)
87
o R
jJ - M Zn, NH,Cl +&° Q
. R’ — >
R ot R 1R2EWG R
Z R
EWG
R? g4

B 12 2-S-MEnERER L &Y Bt B b TR A

Scheme 12  2-S-Pyridyl thioesters as acyl radical precursor

PEFIR BENS A A BBl SR 45 R0 RIS 3 PR 2, RS Tt
B B 2k SR A IR N

5 BR&EE5RE

s TR, R S A IR 1 R B LI T
HEIRIE. 6 SRR 13 1A 5% AL
B, I STRAL BN, WAL . RIS
W afIRERRAL A | 4Bl e Ee ARt
TSNS R T — RS0, 5. ms
FRESLE, RN T 5 5o e R UL A o B 9 5 T
AT W6 Kot e R A LA AR S (ELR 6 S 4
ST A0 7 AT I 19 R I8 2P0 I G
WIAFAERIRIE; Ktk ks CO B b L M 3 1
Lo R T T B O 5 B R AR R BT R 05 0
N, IR BEHLER A BB e 3. MU RO R L%
SR L [ ph SR SN 5, 675 S e Pk 5
TEATHL LR FEoRS TR 8 47 10 S
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